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CHAPTER 1

How to Jump Really High

People can’t jump very high.
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Basketball players make some impressive leaps to reach hoops placed high in the air, but most of their reach comes from their height. An average professional basketball player can only jump a little more than 2 feet straight up. Non-athletes are more likely limited to jumping a foot or so. If you want to jump higher than that, you’ll need some help.

Using a running start can help. This is what athletes competing in the high jump do, and the world record height is 8 feet. However, that’s measured from the ground. Since high jumpers tend to be tall, their center of mass starts off several feet off the ground, and because of how they fold their bodies to pass over the bar, their center of mass may actually pass under it. An 8-foot high jump doesn’t involve launching the center of their body anything like the full 8 feet.
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If you want to beat a high jumper, you have two options:


	Dedicate your life to athletic training, from an early age, until you become the world’s best high jumper.

	Cheat.



The first option is no doubt an admirable one, but if that’s your choice, then you’re reading the wrong book. Let’s talk about option two.

There are a lot of ways you could cheat at high jump. You could use a ladder to get over the bar, but that’s hardly jumping. You could try wearing those spring-loaded stilts1 popular with extreme sports enthusiasts, which — if you’re athletic enough — might be enough to give you the edge over an unassisted high jumper. But for sheer vertical height, athletes have already come up with a better technique: pole vaulting.
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In pole vaulting, athletes start running, stick a flexible pole into the ground in front of them, and launch themselves into the air. Pole vaulters can fling themselves several times higher than the best unassisted high jumpers.

The physics of pole vaulting are interesting, and don’t revolve around the pole nearly as much as you might think. The key to vaulting isn’t the springiness of the pole, it’s the athlete’s running speed. The pole is just an efficient way to redirect that speed upward. In theory, the vaulter could use some other method to change direction from forward to up. Instead of sticking a pole in the ground, they could jump onto a skateboard, go up a smooth curved ramp, and reach just about exactly the same height as the vaulter.
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We can estimate a pole vaulter’s maximum height using simple physics. A champion sprinter can run 100 meters in 10 seconds. If an object is launched upward at that speed under Earth’s gravity, a little math can tell us how high it should go:
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Since the pole vaulter is running before they jump, their center of gravity starts off above the ground already, which adds to the final height it reaches. A normal adult’s center of gravity is somewhere in their abdomen, usually at a height of about 55 percent of their actual height. Renaud Lavillenie, the world record holder in the men’s pole vault, is 1.77 meters tall, so his center of gravity adds another 0.97 meters or so, giving a final predicted height of 6.08 meters.

How does our prediction compare to reality? Well, the actual world record height is 6.16 meters. That’s pretty close for a quick approximation!2

Of course, if you show up at a high jump championship with a vaulting pole, you’ll be immediately disqualified.3 But while the judges might object, they probably won’t stop you, especially if you wave the pole around threateningly as you approach.
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Your record won’t go on the books, but that’s ok — you’ll know in your heart how high you jumped.

But if you’re willing to cheat more blatantly, you can go higher than 6 meters. A lot higher. You just need to find the right spot to launch from.

Runners take advantage of aerodynamics. They wear sleek, tight-fitting outfits to cut down on air resistance, which helps them to gain greater speeds and thus soar higher.4 Why not take it a step further?

Of course, actually pushing yourself forward with a propeller or a rocket doesn’t count. There’s no way you can call that a “jump” with a straight face.5 That’s not a jump, that’s a flight. But there’s nothing wrong with just … gliding a little.

The path of every falling object is affected by how the air moves around it. Ski jumpers adjust their shape to gain a huge aerodynamic boost to their jumps. In an area with the right winds, you can do the same thing.
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When sprinters run with the wind at their backs, they can reach higher speeds. Similarly, if you jump in an area where the wind is blowing upward, you can reach greater heights.

It takes strong wind to push you upward — wind blowing faster than your terminal velocity. Your terminal velocity is the maximum speed you’ll reach while falling through air, when the force of the air rushing past balances out the downward acceleration of gravity. This is the same as the minimum upward wind speed needed to lift you off the ground. Since all motion is relative, it doesn’t really matter whether you’re falling downward through the air or the air is blowing upward past you.6

People are a lot denser than air, so our terminal velocity is pretty high. A falling person’s terminal velocity is around 130 miles per hour (mph). In order to get much of a boost from wind, you’ll need the upward wind speed to be at least in the same range as your terminal velocity. If the wind is a lot slower, then it won’t affect your jump height very much.

Birds use columns of warm, rising air — called thermals — like elevators. The birds soar in circles without flapping, letting the rising air carry them upward. These thermal updrafts are relatively weak; to lift your larger human body, you’ll need to find a stronger source of rising air.

Some of the strongest updrafts near the ground happen near mountain ridges. When wind encounters a mountain or ridge, the airflow can be diverted upward. In some areas, these winds can be quite fast.

Unfortunately, even at the best spots, the vertical winds generally aren’t even close to a human’s terminal velocity. At best, you’d only gain a little bit of height from the wind’s assist.7

Instead of trying to increase the wind speed, you can try reducing your terminal velocity with aerodynamic clothing. A good wingsuit — clothing with sheets of material between the arms and legs — can reduce a person’s sink rate from 130 mph to as little as 30 mph. That’s still not enough to actually ride winds upward, but it would add some height to your jump. On the other hand, you’d have to do your running approach in a full wingsuit, which would probably cancel out the benefit from the wind.

To add substantial height to your jump, you need to go beyond wingsuits, into the world of parachutes and paragliders. These large contraptions reduce a person’s falling speed enough so that surface winds can easily get strong enough to lift them. Skilled paragliders can launch from the ground and ride ridge winds and thermals to thousands of feet.

But if you want a real high jump record, you can do even better.

In most areas where air flows over mountains, the “mountain waves” extend up only into the lower atmosphere, which limits the height that gliders can reach. But in some places, when conditions are just right, these disturbances may interact with the polar vortex and polar night jet,8 creating waves that reach into the stratosphere.
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In 2006, glider pilots Steve Fossett and Einar Enevoldson rode stratospheric mountain waves to over 50,000 feet above sea level. That’s almost twice as high as Mt. Everest, and higher than the highest commercial airline flights. That flight set a new glider altitude record. Fossett and Enevoldson say they could have ridden the stratospheric waves even higher — they only turned back because the low air pressure caused their pressure suits to inflate so much that they couldn’t operate the controls.

If you want to jump high, you just need to construct an outfit shaped like a sailplane — you can make one out of fiberglass resin and carbon fiber — and head to the mountains of Argentina.
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If you find the right spot, and if conditions are just right, you can seal yourself into your sailplane suit,9 jump into the air, catch the ridge lift, and ride the wind into the stratosphere. It’s possible that a glider pilot riding these waves might be able to cruise at higher altitudes than any other wing-borne aircraft. That’s not bad for a single jump!10

If you’re really lucky, maybe you can find a spot that’s upwind from where the Olympics are being held. That way, when you jump off the edge, the winds in the stratosphere will carry you over the venue …
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… letting you set the greatest high jump record in the history of the sport.

They probably won’t give you a medal, but that’s fine. You’ll know you’re the real champion.


CHAPTER 2

How to Throw a Pool Party

You’ve decided to throw a pool party. You’ve got everything — snacks, drinks, floating inflatable toys, towels, and those rings you throw into the pool and then have to dive in to retrieve. But the night before the party, you can’t shake the feeling that you’re missing something. Looking around your yard, you realize what it is.

You don’t have a pool.

Don’t panic. You can solve this problem. You just need a bunch of water and a container to put it in. Let’s figure out the container first.

There are two main types of pools: in-ground and above-ground.

IN-GROUND POOL
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An in-ground pool is, when it comes down to it, a fancy hole. This type of pool can take more work to install, but is also less likely to collapse in the middle of your party.

If you’d like to build an in-ground pool, first consult chapter 3: How to Dig a Hole. Use those instructions to dig a hole roughly 20 feet by 30 feet by 5 feet. Once you’ve created a hole of the appropriate size, you may want to line the walls with some kind of coating to keep the water from turning to mud or draining out before the party is over. If you have some giant plastic sheets or tarps lying around, you can use those, or you can try a sprayon rubber coating — there are ones designed for lining the beds of koi ponds. Just tell the salespeople you have some really large koi.
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ALTERNATIVE: ABOVE-GROUND POOL

If you decide an in-ground pool isn’t the option for you, you can instead try an above-ground pool. The design of this type of pool is relatively simple:

[image: Image Missing]

Unfortunately, water is heavy — ask anyone who’s ever filled a fish tank on the floor and then tried to lift it up onto a table. Gravity pulls the water downward, but the ground pushes back equally hard. The water pressure is redirected outward, toward the walls of the pool, which are stretched in all directions. This tension, called hoop stress, is strongest at the base of the wall where the water pressure is the highest. If the hoop stress exceeds the tensile strength of the wall, the wall will burst.1
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Let’s pick a possible material — say, aluminum foil. How deep can the water in an aluminum-foil-walled pool get before the sides burst? We can figure out the answer to this question, and lots of other pool design questions, using the formula for hoop stress:
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Let’s plug in the numbers for aluminum foil. Aluminum has a tensile strength of around 300 megapascals (MPa), and sheets of foil are roughly 0.02 mm thick. Let’s assume our pool is 30 feet in diameter, so there’s plenty of room for games. We can plug those values into the hoop stress equation and rearrange things to figure out how deep the water in our shiny, crinkly pool can get before the hoop stress equals the tensile strength of the aluminum and the walls give out:
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Sadly, 5 inches of water is probably not enough for a pool party.
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If we swap out the thin aluminum foil for inch-thick pieces of wood, the math looks much better. Wood has a lower tensile strength than aluminum foil, but it makes up for it by being thicker, and could hold water 75 feet deep. If you happen to have a 30-foot-wide wooden cylinder with inch-thick walls lying around, that’s great news for you!
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You can also rearrange the equation to tell you how thick the pool’s walls need to be to support a desired water depth. Let’s say we want our pool to be about 3 feet deep. Given the tensile strength of a material, this version of the formula tells us the minimum wall thickness necessary to hold the water:
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The great thing about physics is that you can run these numbers for any material you want, even if it’s something ridiculous. Physics doesn’t care if your question is weird. It just gives you the answer, without judging. For example, according to the comprehensive 456-page handbook Cheese Rheology and Texture, hard Gruyere cheese has a tensile strength of 70 kPa. Let’s plug that into the formula!
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Good news! You’ll only need a two-foot-thick wall of cheese to contain your pool! The bad news is that you may have trouble convincing anyone to jump in.

[image: Image Missing]

Given the practical problems associated with cheese, you should probably stick to traditional materials like plastic and fiberglass. Fiberglass has a tensile strength around 150 MPa, which means a wall just a millimeter thick would be strong enough to contain the water with extra tensile strength to spare.

GET SOME WATER

Now that you’ve got your pool — whether in-ground or above-ground — you’ll need some water. But how much?

Standard backyard in-ground pools vary in size, but a medium-size one large enough to have a diving board might hold 20,000 gallons of water.

If you have a garden hose and a municipal water supply, then you could potentially fill your pool that way. But whether or not you can fill a pool quickly depends on the flow rate from your hose.

If you have good water pressure and a large-diameter hose, your flow rate might be 10 or 20 gallons per minute, which is enough to fill your pool within a day or so. If your flow rate is too low — or if you have well water, which may run out before you fill your pool — you might need to look for a different solution.

[image: Image Missing]

INTERNET WATER

In many areas, online retailers like Amazon offer same-day delivery. A 24-pack of Fiji water bottles currently costs about $25. If you have $150,000 to spare — plus another $100,000 or so for same-day delivery — you can simply order a pool in bottle form. As a bonus, your new pool will consist entirely of water shipped from Fiji.

This will present a new challenge. When the water is delivered, you’ll need to get it all into the pool.

This will be trickier than you might have thought. Sure, you could unscrew the cap on each bottle and dump the water into the pool one by one, but this would take a few seconds per bottle. Since there are 150,000 bottles and only 86,400 seconds in a day, anything that takes more than a second per bottle is definitely not going to work.

ATTACK THE BOTTLES

You could try slicing the caps off an entire 24-pack of bottles with a sword. Many slow-motion videos online show people cutting through a row of water bottles with a sword. Judging from the videos, it’s surprisingly hard to do — the sword tends to be deflected up or down as it passes through the bottles. Even if you had a precise enough swing, along with the requisite arm strength and endurance, using a sword would probably be too slow.

Guns probably wouldn’t work too well, either. With careful planning and an efficient setup, you could use some kind of shotgun to make holes in a whole case of bottles at once, but you’d still have a hard time puncturing all the bottles and making them all fully drain fast enough to get through them all. You’d also end up with a pool full of lead, which — especially if you added chlorine to the water — would corrode and could eventually contaminate the groundwater.

There are a wide variety of increasingly powerful weapons you could use to try to open these bottles quickly; we won’t run through them all here. But before we leave weapons behind and move on to a more practical solution, let’s take a moment to consider the biggest and most impractical option of all. Could you open bottles using nuclear bombs?

This is a completely ridiculous suggestion, so it should come as no surprise that it was studied by the US government during the Cold War. Early in 1955, the Federal Civil Defense Administration bought beer, soda, and carbonated water from local stores, then tested nuclear weapons on them.2
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Now, they weren’t trying to open the beverages. The purpose of the test was to see how well the containers survived, and whether the contents were contaminated. The civil defense planners figured that, after a nuclear explosion in a US city, potable water would likely be needed by first responders, and they wanted to know whether commercial beverages would be a safe source of hydration.3

The saga of the government’s nuclear war on beer is cataloged in a 17-page report titled The Effect of Nuclear Explosions on Commercially Packaged Beverages, a copy of which was helpfully unearthed by nuclear historian Alex Wellerstein.

The report describes how the bottles and cans were placed in various locations around the Nevada test site for each explosion. Some were in refrigerators, some on shelves, and some just sitting on the ground.4 They carried out the experiment twice, during two different nuclear tests conducted as part of Operation Teapot.

The beverages fared surprisingly well. Most of them survived the blast intact. Those that didn’t were mostly punctured by flying debris or exploded when knocked off the shelves. They also had low levels of radioactive contamination, and even tasted ok.

Post-explosion beer samples were sent for “carefully controlled testing” at “five qualified laboratories.”5 The consensus was that the beer mostly tasted fine. They concluded that beer recovered after a nuclear blast could be considered a safe source of emergency hydration, but that it should probably be tested more carefully before it was put back on the market.

Plastic bottles weren’t common in the 1950s, so all the tests used glass and metal bottles. However, the tests still suggest that nuclear weapons probably don’t make great bottle openers.

INDUSTRIAL SHREDDERS

Luckily for us, there’s a type of device which can accomplish our goal much more quickly than a sword, shotgun, or nuclear weapon: an industrial plastic shredder. Shredders are used by recycling centers to shred large volumes of plastic bottles, and — as a bonus — they can strain out the liquid for you.
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A shredder like the Brentwood AZ15WL 15kW can handle a throughput of 30 tons per hour — including both plastic and liquid, according to Brentwood marketing materials. This would let you fill your pool in a little over 2 hours.

Industrial shredders come with price tags in the five to six figures, which is a lot for one party (although it’s nothing compared to what you already spent on water bottles.) But maybe, if you mention how many nuclear weapons you have, you can convince them to give you a discount.

LET SOMEONE ELSE DO THE WORK

If someone else has a pool nearby, and they’re at a slightly higher elevation, you can steal the water using a siphon. If you can connect the two pools with a tube of water, you can get water to flow steadily from their pool into yours.
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Note: Siphons can lift water up out of a pool and over small barriers like fences, but if the middle of the siphon goes more than 30 feet above the surface of your neighbor’s pool, water won’t flow. Siphons are driven by atmospheric pressure, and Earth’s air pressure is only capable of pushing water up 30 feet against gravity.

GET WATER BY MAKING IT

Water is made up of hydrogen and oxygen. There’s plenty of oxygen in the atmosphere,6 and while hydrogen is certainly rarer, it’s still not too hard to find.

The good news is that if you get a bunch of hydrogen and oxygen together, it’s easy to turn it into water. You just apply a little bit of heat, and the chemical reaction keeps going. In fact, it’s pretty hard to stop.
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The bad news is that sometimes the chemical reaction gets started by accident. We used to have big hydrogen-filled airships flying around, but after some dramatic incidents in the 1930s, we started filling them with helium instead. Nowadays, if you want hydrogen, the best place to get it is by collecting and reprocessing the byproduct of fossil fuel extraction.
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GET WATER FROM THE AIR

You don’t need to combine hydrogen and oxygen to create water when there’s already-created H2O floating around in the air in the form of water vapor — the stuff that condenses to form clouds and sometimes even falls in the form of rain. On average, each square meter of the Earth has about 6 gallons of water in the column of air above it, the equivalent of a couple of 24-packs of water bottles.7
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If all that water fell as rain, it would form a layer about an inch thick. If your property is 1 acre in size, and the air has an average amount of moisture, then there are about 25,000 gallons of water in the air overhead. That’s enough to fill a pool! Unfortunately, a lot of that water is pretty high up and hard to get to. It would be nice if we could make the water fall on cue, but despite periodic attempted cloud-seeding projects, no one has found a way to reliably induce rainfall.
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The usual way of extracting water from air is to make the air flow past a cold surface, so the water condenses out of it as dew. To get all the water out of your air, you’d need to build a several-mile-high cooling tower. Luckily for you, air moves around on its own, so you don’t need to build a mile-high tower — if there’s a breeze, you can just collect the moisture from the air as it flows past your house.

Moisture collection is really a pretty inefficient way to gather water. It takes a lot of power to cool and condense water out of the air. In most cases, you’d use a lot less energy by just driving a truck to an area with more water, filling it up, and driving back. Besides, even under ideal conditions, this kind of humidifier is unlikely to produce enough water to fill your pool any time soon, and it might annoy your neighbors who live downwind of you.
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GET WATER FROM THE SEA

There’s a lot of water in the sea,8 so probably no one will mind if you borrow a little. If your pool is below sea level, and you don’t mind a saltwater pool, this might be an option. All you need to do is dig a channel and let the sea flow in.
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This has actually happened in real life, by accident, very dramatically.

Malaysia was once the world’s largest producer of tin. One of the mines that produced this tin was constructed near the western coast, just a few hundred feet from the ocean. After the tin market collapsed in the 1980s, the mine was abandoned. On October 21, 1993, the water broke through the narrow barrier separating the mine from the sea. The ocean rushed in, filling the mine in a matter of minutes. The lagoon created by the flood remains to this day, and can be seen on maps at 4.40°N, 100.59°E. The cataclysm was recorded by a bystander with a camcorder, and the footage has since been uploaded to the internet. Despite its low quality, it’s one of the most jaw-dropping pieces of video ever recorded.9

If the bottom of your pool is above sea level, connecting it to the ocean won’t work; water would just flow downhill to the sea. But what if you could bring the sea up to you?

Well, you’re in luck; it’s happening whether you want it to or not. Thanks to the trapped heat caused by greenhouse gases, the seas have been rising for many decades now. Sea-level-rise is caused by a combination of melting ice and thermal expansion of the water. If you want to fill your pool, you could try accelerating sea-level rise. Sure, it would worsen the immeasurable ecological and human toll of climate change, but on the other hand, you could have a sweet pool party.
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If you wanted to cause rapid sea-level-rise, and you happened to have a giant ice sheet on the land next to your house, you might think that melting it would be a great way to raise the sea level.
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But, because of some counterintuitive physics, melting an ice sheet next to your house might actually lower the sea level. What you want to do is melt ice on the other side of the world.

The reason for this bizarre effect is gravity. Ice is heavy, and when it’s sitting on land, it pulls the ocean slightly toward it. When it melts, the water level goes up on average, but since it’s no longer being pulled as hard toward the land, it can actually go down in the area around the ice that melted.
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When ice from the Antarctic ice cap melts, sea level goes up the most in the northern hemisphere. When ice in Greenland melts, on the other hand, it raises sea levels most around Australia and New Zealand. If you want to raise sea level near where you live, check whether there’s an ice sheet on the other side of the planet. If so, that’s the one you should melt.

GET WATER FROM THE LAND

If there are no convenient ice caps to melt — or you don’t want to contribute to global sea-level-rise — you could try to do what farmers have been doing to get water for thousands of years: borrow a river.

You could find a nearby river and encourage it — via a temporary dam — to flow toward your pool long enough to fill it up. But be careful: this kind of project has gone wrong before.

In 1905, engineers on the California/Arizona border were digging irrigation canals to bring water to farms from the Colorado River. The mission to divert water from the Colorado River was, unfortunately, too successful. The water flowing into the new canal started eroding a deeper and wider path, which let more water flow in. Before they could pull the plug,10 the
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  ‘Laugh-out-loud funny’ Bill Gates
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    Hilarious answers to questions you never thought you’d ask, from the odds of meeting your soulmate to how many humans a rampaging T-rex would need to eat in a day.

  Buy What If? now
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