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For James

“Come with me now, my son. As we break through the bounds of your earthly confinement, traveling through time and space. Your powers will far exceed those of mortal men.”

—Superman Returns


INTRODUCTION

Superhero science fiction is turbo-charged and rammed full of ideas. Whether it’s comic books or movies, superhero stories present us with a bewildering diversity of contrasting themes: extraordinary powers and masked vigilantes, crime and supervillainy, evolution and mutation, cosmic mythology, and alternate timelines. And that’s just a sample! But on a more thoughtful level, we could identify four main themes: space, time, machine, and monster. Each of these themes is a way of exploring the relationship between the superhero fiction and the science and, beneath that, a deeper underlying theme of how we humans relate to the nonhuman nature of the science and technology of our ever-evolving universe. Taking a closer look at these themes will explain how this book is structured.

SPACE

The space theme of superhero fiction is usually some facet of the natural world, such as the nine realms of Norse mythology in Thor, or the genre’s myriad alien creatures, which can be considered an animated version of nature. The seemingly incessant alien invasions of Earth fall under this theme, as do aspects of the physics of flight and motion.

TIME

This theme is about some kind of flux in the human condition, which is brought about by a process revealed in time, such as evolution. Tales on the topic of time often focus on the dialectic of history, so alternate timelines are to be found here, as are evolutionary fables such as immortality, the evolution of Aquaman, and the posthuman homo superior, Captain America.

MACHINE

All science fiction stories are jam-packed with machines, and superhero fiction is no different. Machine tales deal with the man-machine motif, including enhanced humans such as Cyborg and the creation of superweapons such as Iron Man’s suit, Thor’s hammer, and the shield of Captain America.

MONSTER

These superhero stories feature the nonhuman in the form of mutant or monster situated within humanity itself. In these tales there is often an agency of change such as a nuclear catastrophe, which leads to the change of human into nonhuman. It is within this theme that the remaking of man through genetic design is often encountered. Of course, monsters can be downbeat too, as the countless cases of supervillains testify.

Thinking about science fiction as the human versus the nonhuman is satisfyingly elegant and transparent. Mark Rose, professor in the English department at the University of California, Santa Barbara, deserves credit here. His theme of space, time, machine, and monster splendidly serves the purpose of charting superhero fiction’s ongoing dialogue with science, so this book is structured around these four themes. It will allow us a closer look at how superhero fiction works in its special relationship with science.


PART I

SPACE


WHAT IF SUPERMAN PITCHED FOR THE METROPOLIS METEORS?

Exterior. Kent farm—daytime.

Clark is three now. He faces Jonathan, ten feet away. Like any three-year-old, Clark tosses a baseball to his dad. A few other baseballs scattered about.

JONATHAN: “Good. Excellent—nice arm.”

Jonathan rolls the ball back to the kid. Clark picks it up, throws it again.

JONATHAN (cont’d): “Yes. Great control— you see that?”

CLARK: … yeah …

JONATHAN (tosses it back): “Okay, give it a little more juice. A little of that ‘Kent magic.’”

And Clark hurls the ball— OUT OF THE STATE. Jonathan just watches it go.

JONATHAN (cont’d): … oh God …

—J. J. Abrams, Superman screenplay FIRST DRAFT (2002)

“There does seem to be a sense in which physics has gone beyond what human intuition can understand. We shouldn't be too surprised about that because we're evolved to understand things that move at a medium pace at a medium scale.”

—Richard Dawkins, The Very Best of Richard Dawkins: Quotes from a Devout Atheist (2015)

“It followed from the special theory of relativity that mass and energy are both but different manifestations of the same thing—a somewhat unfamiliar conception for the average mind. Furthermore, the equation E=mc² in which energy is put equal to mass multiplied by the square of the velocity of light, showed that very small amounts of mass may be converted into a very large amount of energy and vice versa. The mass and energy were in fact equivalent, according to the formula mentioned before.

—Albert Einstein, quoted in Atomic Physics, by the J. Arthur Rank Organization, Ltd (1948)

“I didn't mean to hit the umpire with the dirt, but I did mean to hit that bastard in the stands.”

—Babe Ruth, New York Times (1922)

“I'm not particularly fond of Gotham. It's like someone built a nightmare out of metal and stone.”

—Superman, Superman/Batman Vol 1, #53 (2008)

BATMAN VERSUS SUPERMAN (MY TAKE ON A DELETED SCENE)

A full house at the Gotham stadium roars as the players take the pitch. Against a sweltering Gotham skyline, the green gauze of the baseball diamond is lit up for a steaming nighttime encounter: their very own Gotham Knights against fierce rivals, the Metropolis Meteors. Each side is playing its own superhero ringer. The Meteors are fielding Superman, and the Knights have high hopes that their home batter’s box will feature the Batman himself. His slugging potential must surely be awesome. After all, his name is “bat-man,” right?

Has there ever been a more dramatic debut? Not in baseball, anyhow. The competition is keen and the air electrified with tension. Men are born for games. Little else, it sometimes seems. Each one knows that play is nobler than work. He knows too that the value of a game is not innate to the game itself. Rather, it is in the value of that which is put at risk. Games of chance need a wager to warrant any meaning at all. Games of sport not only involve the skill and strength of the opponents, but also their humiliation in defeat. By trial of chance, or trial of worth, all games aspire to the state of war, for in play that which is wagered gulps up game, player, and all.

At the allotted time the lights seem to brighten further in the heat. The sheer din dies down. Superman steps forward to take his place on the pitcher’s mound. Upon seeing the Man of Steel, a strange wall of noise sweeps across the crowd like a Mexican wave. Some start to catcall. Some rise from their seats and jeer, the heat and tension of the night getting the better of their sense of fair play. Expectation is high, yet what happens next takes everyone by surprise.

Superman pitches at such speed, normal everyday physics breaks down. From the back row of Gotham stadium it’s simply impossible to tell, but Superman pitches the baseball at a pace approaching the speed of light, around 90 percent. The ball is moving so speedily that all else seems stationary. Even the particles and dust in the balmy Gothamite air stand still. Like the crowd, the air particles become passive observers of the ball’s meteoric flight. Sure, the particles of air still vibrate at a few hundred miles an hour, but that super-pitched ball is passing through at 186,000 miles a second. As far as that ball is concerned, those particles are simply just hanging there, frozen, like microscopic pieces of stadium popcorn.

All that’s aerodynamic melts into air. The usual rules simply don’t apply. Normally, as you sometimes see illustrated on car commercials, the air would flow easily around an object speeding through it, but now it’s as though Superman’s pitch has frightened the particles of air into inaction. They don’t have time to be bundled out of the way by the speeding baseball. Rather, the ball ploughs into them so hard that the atoms in the air molecules are either forced to fuse with the surface atoms of the approaching ball or simply pass straight through it.

Each minuscule collision that manages to occur issues a tiny explosion of scattered particles and gamma rays. Faster than the mind can see, but a perfect picture for a graphic novel, the expanding globule of gamma rays and debris radiates out from the vicinity of the pitcher’s mound. The rays and debris start to rip apart the particles in the air, transforming Gotham stadium into a mushrooming bubble of radiant plasma. The leading wall of the bubble speedily approaches Batman the batsman at the speed of light, only infinitesimally ahead of the actual ball.

A matter of mere nanoseconds later, seventy to be exact, Superman’s pitched ball arrives at Batman. Solidly planted at the home plate, Bats is not even sure he saw Superman let go of the baseball, as the light beam carrying that message would arrive at the same time as the ball itself. The ball arrives at the plate, eaten away by collisions along its short and swift journey. The ball is, by now, a rather appropriate bullet-shaped cloud of mushrooming plasma in the steamy Gotham night. It jets through the air as a shell of X-ray radiation hits the batsman first, instantly followed by the cloud of debris.

But Batman seems to have been the only one in the stadium to expect such a pitch. Hardly by wit, and far more likely by fate, Batman makes contact with the “ball.” The bullet-shaped cloud of the ball is still moving at near light speed. First it hits the bat, but immediately Batman, plate, and catcher are all engulfed by the surging cloud and carried through the backstop as they all begin to degenerate into smithereens. The expanding sphere of radiation and white-hot plasma opens out in all directions, save the ground itself, as the cloud gobbles up the remaining players on the pitch, Gotham Stadium, and the city backstreets, as the stadium clock has failed to even tick a full second since the ball rocketed out of Superman’s grip.

The scene cuts to some casual observers far outside the stadium, looking down on the city from a tall tower on the outskirts of Gotham. First, they see the blinding light, burning brighter than the midday sun. Then, seconds later, a mushrooming fireball morphs into a pyrocumulus cloud of devastation. They hear a terrifying roar as the baseball’s blast wave approaches, ripping up road-signs and turning houses to tinder. They look on helplessly as the stadium neighborhood is leveled, and a firestorm starts to consume much of the city below. Out of sight, the baseball diamond is reduced to the kind of crater easily seen on the surface of the moon, which looks silently down on Gotham, a mere light second away.

Meanwhile, a dark speck is spied against the glow of the moon. Is it a bird? Is it a plane?


LIFT AND SEPARATE: THE CHALLENGE OF MAKING A “METEORITE” OUT OF SOKOVIA

“Sokovia, officially the Republic of Sokovia, is a small [fictional] country located in eastern Europe. Its capital city is Novi Grad. The tiny country was thrown further into disarray when Ultron implemented a plan to create a global extinction event by raising an area of land with a major city atop into the air and ramming it back into the ground. The plan was thwarted, primarily by the Avengers and their allies, along with limited assistance from the Sokovian police, but the portion of land lifted in the air ended up destroyed.”

—Sokovia entry in the Marvel Database

ULTRON: [to the Vision] “You shut me out! You think I care? You take away my world, I take away yours.”

He activates the Vibranium core and the Earth around Sokovia starts to shake and break.

TONY STARK: “Friday?”

As Sokovia is being destroyed.

FRIDAY: “Sokovia's going for a ride.”

As the earth is shaking, falling in around them.

ULTRON: “Do you see? The beauty of it, the inevitability. You rise, only to fall. You, Avengers, you are my meteor, my swift and terrible sword, and the Earth will crack with the weight of your failure. Purge me from your computers, turn my own flesh against me. It means nothing. When the dust settles, the only thing living in this world will be metal.”

—Joss Whedon, Avengers: Age of Ultron screenplay (2015)

TONY STARK: [Searching for secret door] “Please be a secret door, please be a secret door, please be a secret door … [finds a secret door in the Sokovian castle] Yay!”

—Joss Whedon, Avengers: Age of Ultron screenplay (2015)

“Propulsion is the force by which something, such as a ship, a car, or a space rocket, is moved forward. A rocket is propelled using slow-burning gas, which escapes through a nozzle (the narrow, back end of a rocket) to create a large amount of thrust and push the rocket upward. Crossing the 100km (62 miles) into space is easy enough. Space travel may be rocket science, but it isn’t too tricky. You can get into space with a rocket the size of a telegraph pole, just by going quite fast and steering upward. The trick is staying up there. To stop yourself, and your spacecraft, from falling back to the Earth, you have to travel along your orbital path really, really quickly. To stay locked on your orbit, you need to set the craft’s speed controls at about 5 miles per second.”

—Mark Brake, How To Be a Space Explorer: Your Out-of-this-World Adventure (2014)

In the early years of this uncertain twenty-first century, jaw-dropping CGI cinematic science fiction seems to be almost everyone’s thing. At the time of writing, the genre dominates the top fifteen highest-grossing movies of all time, with Avatar, Star Wars: The Force Awakens, Jurassic World, The Avengers, Avengers: Age of Ultron, Iron Man 3, and Captain America: Civil War all featuring in that list.

From Avatar to Age of Ultron, we all expect computer-generated imagery to loom large in big-budget blockbusters—it’s stage center, right there up on the big silver screen. Some CGI is obvious. The appearance of the late Peter Cushing, digitally reanimated for Rogue One: A Star Wars Story, with the magic of cinema putting words into the mouth of a deceased actor. Then there’s the simulation of iconic film-star footage of Elvis Presley and Marilyn Monroe in the epic futuristic fight-sequence of Blade Runner 2049.

Some CGI is about what you can’t see, rather than what you can. Editors on Justice League had to remove a mustache grown by Superman actor, Henry Cavill, for his role in Mission: Impossible 6. Armie Hammer’s genitals had to be digitally edited out of the movie romance Call Me By Your Name, as the actor’s shorts had failed to fully contain his talents. And legend has it that one poor animator on the pig movie Babe spent months painstakingly removing every frame of the title character’s anus. But it’ll take some time before CGI produces another scene as jaw-dropping as the incredibly orchestrated slow-motion sequence in Avengers: Age of Ultron. We see all the Avengers in action at the same time against the swarming army of Ultron’s robots, as part of the Battle of Sokovia in Novi Grad city.

It’s worth taking a moment to mull over the backstory of that battle. Ultron, the allegedly all-wise artificial intelligence peacekeeping program devised by Tony Stark, decides that humanity is the greatest threat to peace on Earth. (It’s a fair conclusion—you just have to consider the texture of this new century: a crumbling environment, nuclear stockpiles, unremitting government surveillance, the increasing possibility of rogue pathogens, and political leaders who seem to have walked straight out of a comic strip). Ultron decides to cut to the chase and help humanity commit global seppuku. His plan? Create a device that will lift a section of Novi Grad skyward, then send it swiftly earthward, causing it to create a meteoric crash when it impacts with the planet.

There are two chief problems with Ultron’s lifting and crashing plan: first is the lifting, and second is the crashing. Let’s deal with each in turn.

TAKING SOKOVIANS ON A SKY VACATION

It’s quite common in science fiction movies for humans to be taken on a trip off-Earth, but it’s not so common to try taking a bit of the Earth along for the ride. To work out how much energy Ultron needs to figure into his brainbox equations to perform this conjuring trick of lithic levitation, we first need to estimate the sheer mass of the lump of Sokovia he’s trying to lift.

Taking another quick look at the movie footage; a fair estimate of the section of Sokovia that Ultron raises up is about two kilometers of the city, one kilometer each side of the church that sits at the epicenter of the rising rock. Once the city is airborne, it looks like a mini-Earth or, more appropriately, an asteroid. A quick reference to NASA’s online guide of the mass of selected asteroids shows that a two-kilometer clump of rock and dirt, such as Geographos, has a mass of 0.004 x 1015 (or four trillion) kilograms. (By the way, Geographos appears to be a very good fit for our purposes. Named after the National Geographic Society, Geographos was discovered in 1951 by a team at the Palomar Observatory in California, and is one of the asteroids that sits in a potentially hazardous near-Earth orbit).

If Ultron were a plain old protocol droid, then he’d probably try to raise the rock using rockets. But Ultron ain’t dumb, apparently. He knows that rockets also have to lift their own fuel. And so, to the four trillion kilograms of Sokovian rock he’d need to add a commensurate amount of fuel. True, he’d not need to calculate carrying that fuel all the way up, as the good thing about old-school rocket fuel is that, as it burns, the rocket gets lighter and lighter, which means the rock would need less and less fuel. Even so, to lift four trillion kilograms of Sokovian rock would require tens of trillions of tons of fuel. You can imagine Ultron might be sorely tempted with this scenario. After all, if those trillions of tons of fuel were hydrocarbon-based, it would represent a sizable percentage of the doomed world’s remaining reserves, something that would surely amuse the batty bot.

But Ultron, we’re told, is as brainy as bots can be, and has far more sophisticated tech up his metal sleeve. One of his options, perhaps, is the space elevator. A mainstay of science fiction, the space elevator idea is that if you connect a long enough cable to a space satellite in geo-stationary orbit, an elevator can be used to transport stuff into space using far less energy. No doubt Ultron feels raising Sokovia in this way simply wouldn’t work. Besides, this option might lead to rather lame dialogue such as Ultron declaring, “Do you see? The beauty of it, the inevitability. You rise, only to fall. You, Avengers, you are my meteor, my swift and terrible elevator, and the Earth will be dented a little bit when I cut the cable. Mwahahaha, etc.”

Let’s also take this brief opportunity to help Ultron a little with his terminology. Rocks and debris in space are called meteoroids, and pieces that survive the journey to Earth and hit the ground are called meteorites. But the term meteor, and its colloquial equivalents “shooting star” or “falling star,” is merely a reference to the visible incandescent passage of a glowing meteoroid falling through our planet’s atmosphere on its way down to the ground. (Besides, something as big as this Sokovian mass of rock is surely an asteroid.)

Ultron would no doubt be aware that another lift option would be to blow Sokovia into the sky by using a nuclear weapon. This might appeal to him. The basic plan would be to place a nuclear bomb somewhere under the Sokovian city and simply ride the shockwave into the sky. You might assume that the city would be vaporized. And yet, someone with Ultron’s alleged skill could no doubt fashion some kind of (probably) metal shield to stop the soon-to-be-floating city from disintegrating before it shot skyward.

Incidentally, Ultron could have stolen his lifting and crashing idea from the age-old proto-science fiction novel, Gulliver’s Travels, written in 1726 by Jonathan Swift. Swift’s book features a “flying island,” made mainly of metal and measuring four and a half miles in diameter. This flying island called Laputa dominates the country above which it soars and, as with Ultron’s plan, any discontent down below on the planet’s surface can be destroyed completely by having Laputa itself plummet to Earth.

In the final analysis, it seems that Ultron’s propulsion method of choice remains something of a mystery. There are screenplay references to him activating the “Vibranium core, and the Earth around Sokovia starts to shake and break.” Otherwise, the screenplay is predictably vague about the lifting. But, let’s assume the Vibranium core generates a force field, which somehow pulls the rock together as a superstructure so that it can be lifted without falling apart. Like Nick Fury’s Helicarriers, it may be that the Vibranium also supplements the power of massive repulsor engines underneath the Sokovian bedrock. (Repulsorlift tech can be found in a number of places in science fiction, cropping up in the Halo video game universe, as well as in Star Wars and Marvel.)

Repulsorlift is usually seen as a technology that enables a craft to hover or even fly above the surface of a planet by pushing against gravity, resulting in the craft needing far less thrust. In the case of Sokovia, Ultron could be using a repulsorlift engine design that also secretes some kind of antigravity device. That way, the city could float without artifice, resisting the Earth’s gravitational field. To raise Sokovia to a decent height above the Earth’s surface, the mass of rock would need to apply an equal and opposite push to the gravitational force of the Earth (according to the principle of balanced forces in physics, first introduced into the scientific culture by British scholar Sir Isaac Newton, of course). But for acceleration in an upward direction from the Earth’s surface, Ultron would also need his repulsorlift engines to apply a thrust.

Now, according to Einstein, gravity is just curved space, so, all Ultron needs to do to create antigravity is simply bend space the other way. If the geometry of space can be bent to his will, then he can create antigravity, with the ability not only to float objects freely, but also even raise huge rocks into the sky. All mass makes gravity, but it won’t be easy for Ultron to create a material that makes antigravity. He could possibly use exotic matter. Theoretically, exotic matter has negative mass, which should create the reverse effect of gravity and be used to cancel out the weight of a city, just like any other repulsorlift craft.

Assuming Ultron is an engineering wizard, by no means certain on the evidence so far, he’d have to work out just how much exotic matter he needs to add to the mix. He’d have to estimate the chunk of Sokovia correctly at four trillion kilograms, and ram into the rock an equal mass of the exotic stuff. Presto, the resultant mass of Sokovia is zero.

And yet two outstanding problems remain for Ultron in terms of the lifting aspect of his pet project. First is the sourcing of exotic matter, since no one at the moment is really sure what it actually is. The second is that, given everything else he seems to have miscalculated, there is still some doubt that Ultron would get his repulsorlift calculations correct. And that brings us to the other aspect of his project—Ultron’s crashing plan.

MAKING AN ASTEROID OF SOKOVIA

Let’s just recap Ultron’s cunning crashing plan. The lifting bit notwithstanding, Ultron’s plan to wrestle robot deliverance is (with a philosophical nod to the demise of the dinosaurs) to use Sokovia to create a similar extinction-level event to end humanity. Once raised to a sufficient height, Sokovia can then come crashing down in a calamitous impact with the Earth.

But Ultron will have to work out just how much energy is at his disposal, assuming he’s got his calculations right about the mass of Sokovia being four trillion kilograms. The secret to Ultron’s success is speed. The faster the city plummets, the closer it is to curtains for the human race. And to get that speed of extinction, he’d have to let the city drop from a huge height.

It’s all down to energy, potential, and kinetics. When Sokovia is raised to a height above the Earth, like all bodies in a gravity field, it gains gravitational potential energy. When Ultron’s grip on the rock city is released, this potential energy is converted into kinetic energy, as the now free-falling Sokovia plunges down to the Earth below.

How much of a height above the Earth’s surface is enough for Ultron’s crashing plan? In the movie, the city is raised to such a height that Captain America remarks that “the air is getting a little thin.” Assuming this is the height where altitude sickness first sets in, that would mean the rock was about 2.5 kilometers up when its descent began. That’s nowhere near enough.

If you ignore air resistance—which we really shouldn’t, but let’s make this as simple as we can—a free fall from this height would deliver a fifty-megaton impact to the very heart of Sokovia. That’s the same impact as the most powerful nuclear weapon ever detonated on Earth, Russia’s “King of Bombs,” tested on October 30, 1961 and the most powerful man-made explosion in history. But, as we’re all still here and I’m sitting writing this, a fifty-megaton impact is clearly not an extinction-level event—not unless reality is an illusion and I’m actually in The Matrix. So, in all probability, it’s back to the drawing board for Ultron.

Assuming the threshold to turn all homo sapiens into homo extinctus (spoiler: not an actual species, yet) is around 100,000 megatons, Ultron would either have to plump for a bigger clump of Sokovia or raise his already established rock to a height of around 10,000 kilometers above our planet. He’s ticked the box of having the correct gravitational potential energy, and hits the jackpot, but for a true dinosaur-level extinction event and human wipeout, this drop height of 10,000 kilometers or 6,300 miles would have to be increased thousand-fold to 6.3 million miles above the surface.

Whichever option he picks, Ultron’s got problems. If he goes for the full dinosaur destroyer option of 6.3 million miles, the Earth’s gravity pull is far less at that distance, which means his “meteor” wouldn’t have the impact energy it needs. And if he goes for the 6,300 miles, he’d be faced with the prospect of having to use thrusters to turbo boost Sokovia on its asteroidal approach to Earth, as the city would have to be speeding at 14 kilometers a second at impact.

Now some might say that the true hero of the Battle of Sokovia is Jarvis, who managed to deflect Ultron away from the more sensible global kamikaze targets of our nuclear arsenals and power plants and our water supplies. But given Ultron’s record on his lifting and crashing plan, he’d no doubt make a mess of any plan B he might have, too.


DAILY DIARY: IRON MAN, SUPERMAN, AND COPING WITH THE PHYSICS OF FLIGHT

“The human bird shall take his first flight, filling the world with amazement, all writings with his fame, and bringing eternal glory to the nest whence he sprang.”

—Leonardo da Vinci, Codex on the Flight of Birds (1505)

“For once you have tasted flight you will forever walk the Earth with your eyes turned skyward, for there you have been, and there you will always long to return.”

—Leonardo da Vinci, Codex on the Flight of Birds (1505)

“All in all, for someone who was immersed in, fascinated by, and dedicated to flight, I was disappointed by the wrinkle in history that had brought me along one generation late. I had missed all the great times and adventures in flight.”

—Neil Armstrong, Neil Armstrong: Quotes and Facts (2015)

Modern daily life can be a drag. Sure, science and tech have brought us the wheel, New York, the smartphone, etc. But dwell on the drawbacks a little: spam emails, self-serve tills, and predictive text, to name but three. Then there’s snail’s-pace wi-fi, being a sociopath on social media, and dealing with trolls on Twitter.

But worst of all is the terrible traffic. There can be no greater need for the dream of human flight than today’s jam-packed world of traffic. Take China, for example. September 2013 saw the world’s longest traffic jam, more than 100 kilometers long and lasting for weeks. The problem is so common in China that some folk have embraced it as an entrepreneurial opportunity. Their motorbike businesses will weave their way between the gridlocked lanes and take you to your destination. Hell, they’ll even provide someone to sit in your car for you until the jam is done, if it ever ends. Pizza deliveries to jammed cars are also very common. Pizza express, even if the traffic isn’t.

Little wonder flight is so popular among entrepreneurs. In 2015, American business magazine Forbes found that flight was the business leaders’ superpower of choice. Collecting data from professional leaders who read their blogs, Forbes posed the question, “If you were given a choice of two special powers, which would you prefer? A. Ability to fly, or B. Power to be invisible.”

Flight came first in all classes. Forbes gathered data from 7,065 leaders around the globe: 63 percent of the data from North America, 13 percent from Europe, 16 percent from Asia, with 8 percent from all other responding territories. Clocking up superiority over invisibility of almost three to one, 72 percent of business leaders chose the ability to fly over being invisible. Data analysis of the corporate positions of responders found that 76 percent of top managers selected the ability to fly, as compared to only 71 percent of individual contributors. The idea of human flight is pretty popular.

But if humans did know natural flight, just how fast would we fly? The first human to break the speed of sound, mostly without using tools or tech, was Austrian skydiver Felix Baumgartner. This daredevil and BASE jumper reached a maximum velocity of 833.9 mph (1,342 km/h) on October 14, 2012. Felix launched himself out of a balloon at 128,100 feet (that’s 24 miles or 39 kilometers) above New Mexico.

Felix almost failed the dive, as his helmet visor fogged up. His twenty-four-mile flight took just under ten minutes, with the last few thousand feet of the descent done by parachute. Felix was quoted by the BBC after the flight as saying, “Let me tell you—when I was standing there on top of the world, you become so humble. You don’t think about breaking records anymore, you don’t think about gaining scientific data—the only thing that you want is to come back alive.”

But Felix’s feat wasn’t flight, it was freefall. Now, consider footspeed. Whereas forty-three-year-old Felix smashed the record for the highest ever freefall, twenty-two-year-old Usain Bolt broke the footspeed record. Footspeed, also known as sprint speed, is the maximum speed at which a human can run. Bolt’s record was recorded at 27.8 mph (44.72 km/h) during the 100-meter sprint final of the World Championships in Berlin on August 16, 2009, five days before Bolt’s twenty-third birthday. The average speed Bolt clocked over the course of the race was 23.35 mph or (37.58 km/h). But Bolt owes his footspeed to Newton. Usain’s sprint speed depends on how much force is brought to bear by Bolt’s formidable legs, and according to Newton’s Second Law of Motion, that force is the product of mass and acceleration. Newton’s Third Law says that for every action, there is an equal and opposite reaction. In the case of the mechanics of footspeed, this translates into Bolt’s running action needing a firm ground to push against, with the ground effectively pushing back against Bolt.

MOVING SWIFTLY THROUGH WATER AND AIR

Flight is far more similar to swimming. You’ve no doubt seen the frantic freestyle swimmers stroking swiftly through their lanes at the Olympic Games, but are those competitors really chopping through the water like sharks? Nope. Truth is, those guys are hardly moving. The fastest recorded human swim speed is less than five miles an hour. Hell, a toddler torpedoed by a self-inflicted tantrum can outrun those Olympic swimmers.

And the reason why goes back once more to Newton. As Bolt runs, he speeds along because his legs push against the track with his feet and the track pushes back, thrusting him forward. Athletic tracks are solid. And that means the particles in the track are basically bonded together and must push back against Bolt, rather than simply moving out of the way. The same goes even for the torpedoed toddler: firm ground. But the Olympic swimmers have another medium to mess with. Water is fluid and flows far more easily. When those Olympic leviathans plunge their limbs to push back against the water, some of the water molecules are easily able to slip past one another rather than pushing back against the swimmer’s limbs.

Now, think about applying our swimming lesson to the question of flight. Air, like water, is also a fluid, but the gas particles that make up air are far freer to move about than the liquid molecules of water. As gases are less dense than liquids, air has more free space for particles to slip and slide past one another, so a human flyer would waste more energy than a human swimmer because a lot more air would have to be pushed backward to be able to move forward.

Consider Sandra Bullock as Dr. Ryan Stone in the 2013 movie, Gravity. Stone is an astronaut stranded in space after the mid-orbit destruction of her space shuttle, and is trying against all odds to return to planet Earth. In some scenes we see Stone moving around a spacecraft in microgravity. How does she do it? She doesn’t waste time flapping around in the near vacuum of space. She simply pulls on handles installed on the ceiling, walls, and floors of the craft to get purchase and make headway.

Imagine, like Stone, you were able to float. Not in the microgravity medium of space, but down here on good old Earth. Exactly how would you get purchase to move about from block to block in the middle of the street? You couldn’t do a Spiderman and swing from a web. And swimming through the air wouldn’t get you very far either, but let’s assume we make less fuss of this physics and grant you the fishy ability to float. Maybe some kind of antigravity thing is going on. Yeah, that’s it. And let’s also assume you are free to speed about using some kind of thruster tech previously unknown to man.

STRAIGHTEN UP AND FLY RIGHT

How high would you be able to go? Remember that scene when Iron Man zooms up through the lower atmosphere, taking his suit on its first flight, and he finds it has a problem with freezing at high altitudes? Well, there’s an area of physics around the behavior of gases, and it’s known as thermodynamics. One of the laws of thermodynamics, the Ideal Gas Law, says that the pressure and temperature of a gas increase and decrease together. Written down in an equation, the Ideal Gas Law looks like this: PV=nRT, where P is the pressure of the gas, V is its volume, and T its temperature. N is the quantity of gas molecules in moles, and R is the ideal gas constant, 8.314 J/Kmol.

As you fly up into the atmosphere, there is less pressure. Air expands in volume with less pressure, so the molecules have more room to wander around without colliding into each other and creating heat. And as the pressure is a lot lower at high altitudes, it would be freezing cold if you were flying above the clouds, so you would need to keep your core body temperature warm or you’d soon begin to shiver violently, become mentally muddled, and plummet out of the sky due to lack of muscle control from hypothermia.

Volume would be a problem, too. The Idea Gas Law shows that as pressure decreases, gas volume increases, so if you were to fly straight up too quickly, the gas inside your body would expand rapidly. It’s like when soda fizzes up when jiggled. The name for this is decompression sickness, which is perhaps better known as “the bends,” and it’s the phenomenon associated with the experience deep-sea divers get when they come up too quickly. It’s been known since 1670, when Irish chemist, Robert Boyle, experimenting with a viper in a vacuum, showed that a reduction in ambient pressure could lead to the formation of a bubble in living tissue. In humans too, the bends results in pain, paralysis, or death, based on how foamy your blood becomes.

So, let’s say we stray away from flying too high. If we keep our flight paths a little closer to the ground, what then? On the plus side, we’ll be able to see all the road furniture, mostly meant for regular traffic. There’s also the added advantage of being able to breathe oxygen with ease! Best copy winged superhero, Falcon, though, and goggle up. You’ll probably need a helmet like Captain America, too, for protection against electrical cables, insects, birds, and high-hanging street signs.

On the more dangerous side, there are the drones. Sure, there are also other flying humans, including flying cops ready at the drop of a wing to gift you a ticket for jay-flying in the wrong intersection of air or something, but that’s nothing compared to the coming threat of drones. No doubt some day in the future NASA and others will have finally nailed drone traffic management. But until that day, beware of the drones.

For the skies are getting crowded. The Federal Aviation Administration (FAA) of the United States and its European counterpart the EASA report that the number of near-misses with drones has surged since 2014. There were as many as 650 cases as of August 2016. Dubai airport has been repeatedly shut down by drone activity, and in July 2017 a pilot reported to the Australian Transport Safety Bureau that his light aircraft was struck by a drone ahead of landing in Adelaide. In time, these drone mechanical birds may potentially grow bigger and more dangerous.

But maybe Leonardo da Vinci is right. Once you’ve tasted flight, you will always long to return skyward. Sure, you may have a drone collision in mid-air which knocks you senseless so you find yourself in free fall, just like Felix Baumgartner. But, ignoring aviation authorities and some of the laws of physics, most potential flyers would opt for flight, as they gaze down at the miles-long traffic jams below.
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