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DISCLAIMER

Do not try any of this at home. The author of this book is an Internet cartoonist, not a health or safety expert. He likes it when things catch fire or explode, which means he does not have your best interests in mind. The publisher and the author disclaim responsibility for any adverse effects resulting, directly or indirectly, from information contained in this book.




PREFACE TO THE UK EDITION

A NOTE ON UNITS IN THE UNITED KINGDOM

THIS IS THE 10TH ANNIVERSARY edition of What If? There have been nine other anniversaries so far—and possibly more to come, if our current theories of time prove correct—but we didn’t do a special edition for those. The reason we make a big deal about the 10th anniversary is that we use a base 10 number system, and so we like things that are multiples of 10.

I was born in the United States, which has a lot of irregular units that don’t use multiples of 10. I grew up learning that there are 12 inches in a foot, 5,280 feet in a mile, 16 ounces in a pint, and 8 pints in a gallon. The UK is more friendly to the metric system than the US, but you still have your own oddities, like how there are 14 pounds in a stone, 14 nights in a fortnight, and—until decimalization in 1971—12 pence in a shilling and 20 shillings in a pound sterling.

When I got a university physics degree, I adopted the metric system, learning to think in meters, kilograms, and liters. Like many people who have struggled through solving equations involving square inches, ounces, and gallons, I quickly became a staunch, strident, and probably very obnoxious advocate for the metric system.1

Supporters of the metric system often argue that it’s better because it uses base 10. That’s certainly a perk—it’s nice that you can convert between grams and kilograms simply by moving a decimal point—but that’s not the real benefit of the metric system. The real benefit of the metric system is that lots of different people use it.

Units don’t really exist. The laws of the universe work exactly the same in feet as in meters.2 You can do your math in base 10 like a modern physicist, base 2 like a computer, base 60 like a Sumerian astronomer, or—like regular people in the US and the UK—units with a chaotic mix of bases like 14 and 5,280. If you use them consistently, your calculations will work out. Engineers doing calculations in feet and inches landed six rockets on the moon.

And yet units matter. Making a measurement is a physical act, but choosing a unit is an act of communication. Units are a collaboration between people separated by time—a guess, by someone in the past, about how someone in the future will use numbers. Engineers using feet and inches may have landed rockets on the moon, but engineers disagreeing about pounds and newtons crashed a rocket into Mars.

To answer the questions in this book, I had to read a lot of scientific papers. Some of them were nice, modern articles that largely used metric units, but many were not. I would find myself squinting at old engineering reports—degraded to unreadability by repeated photocopying and faxing—because they contained the only known data on what happens to human skin in a supersonic wind tunnel, or the effects of nuclear weapons on filing cabinets. Those papers rarely used metric units.

I’ve read river engineering articles where flow rates are given in “kcfs,” or kilo-cubic feet per second.3 I’ve read papers that exclusively measure volumes in acre-feet (a unit of volume equal to a foot times a chain times a furlong). I’ve even dealt with a modern piece of software which gives results in the ghastly “degrees Rankine” (my single least favorite unit) which is equal to degrees Fahrenheit above absolute zero.

Ten years ago, I wrote about how unit-aware computing systems had freed us from the tyranny of obsessing over keeping everything in metric. Now, I can enter calculations in furlongs and fortnights and let the computer handle all the conversion factors. As a result, I’ve often used whatever type of unit seems the easiest for me—and hopefully most of my readers—to visualize. And weird units can be fun.

But I also think there’s a real virtue in being flexible about units. Establishing a universal set of units, like the metric system or universal time zones in computing, is good. It makes things easier and more accessible for everyone. But being flexible in what units you accept is also a recognition that the world has lots of different kinds of people in it, people who grew up thinking and taking measurements in different units, and that even though they might all adopt your preferred system in the future, they don’t all use it right now, they won’t tomorrow, and they probably never will. That’s okay. Exchanging numbers will always require some negotiation about units, and that’s fine. In a way, that negotiation is the most important part of measurement. Numbers don’t mean anything if we can’t share them with each other.

Still, I can’t help but make fun of the US and the UK for their level of commitment to making their units as incompatible and confusing as possible. Not only do our countries not match the rest of the world, we don’t even agree with one another. For example, your cars get better gas mileage, since it’s easier to get a mile per Imperial gallon than a mile per US gallon. (To bring us closer to parity, might I suggest switching to nautical miles per Imperial gallon?)

However, many of your units—such as your “feet”—are far too compatible with our US system. In light of this, I offer some modest suggestions for alternative definitions for the foot which residents of the UK could adopt:

• London Foot: Equal to 0.9977 international feet, or exactly one milliShard

• Compromise Foot: Equal to 2.14 feet, the average of one foot and one meter

• Stonehenge-Belgium Foot: Equal to 1.003 feet, or one one-millionth of the distance between Stonehenge and the edge of Belgium (which happens to be just over a million feet from Stonehenge)

• The Survey Foot: This is a real American unit which is 610 nanometers shorter than the standard foot; the US deprecated it in 2023 in a desperate attempt to get rid of it, so I think the UK should adopt it

• The Ice Foot: Equal to 0.7759 feet, or the diameter of a sphere of ice weighing one stone

• The Isles Foot: Equal to the square root of 1/2.5 trillionth of the UK’s land area, which is currently a hair over 12 inches, but could drop below due to climate change or Irish politics

• The Baker’s Foot: Equal to 13 inches

• The Metric Foot: Equal to 10 inches

• The Metrical Foot: Equal to 10 inches followed by a stressed syllable

• The Royal Foot: Equal to the actual length of the current monarch’s foot, which would be re-measured every year

I’m still a staunch advocate for the metric system. I use it for all my calculations, and I try to think in kilograms and meters. But I’ve also come to see unit confusion as, to some extent, an inevitable symptom of human communication. It’s easy to make all your units consistent if you don’t ever talk to anyone else, but that’s a lonely way to be. Unit conversion issues happen when people from different places and times try to work together to figure stuff out. We shouldn’t necessarily encourage them, but we don’t need to be too stressed out about them. The world is too big and complicated for any of us to explore alone; we’re on this journey together. Every journey starts with a single step, and it’s okay if some of us are taking that step with slightly different feet.



________

1 I also became a big fan of the Canadian band Metric, but that’s probably mostly unrelated.

2 There’s a very deep principle called Benford’s law, which states that if you have a collection of measurements with a lot of variation, like the lengths of rivers or the balances of bank accounts, about 30 percent of them will start with the digit “1.” To pick a random example I just thought of, Wikipedia has a list of the market price of each of the 98 chemical elements that can be purchased in some form. The list claims that a kilogram of hydrogen will cost you US $1.39, while the same weight of plutonium will cost you US $6.49 million. I don’t know how accurate these prices are—to be clear to any international officials reading this, I’ve never tried to buy plutonium—but if you tally them all up in US dollars per kilogram, 30 of the 98 prices have a “1” as the first significant digit. If you convert all the prices from US dollars per kilogram to British pence (pre-decimal) per pound (weight), you get a totally different list of numbers. Helium goes from US $1.39/kg to 9.9 old pence per pound, while helium goes from US $24/kg to 172 old pence per pound. But Benford’s law still holds: 29 of the 98 pence prices start with a 1. The reason Benford’s law works is subtle and surprisingly hard to explain, even for experts, but on a deep level it’s connected to the fact that the world has no preferred scale; reality is independent of the units we choose to measure it in.

3 Hey, at least the “kilo” is a nod toward multiples of 10.




INTRODUCTION TO THE 10TH ANNIVERSARY EDITION

IT’S BEEN TEN YEARS since What If? was first published, collecting my answers to ridiculous hypothetical questions asked by readers of my website, where—in addition to serving as a sort of Dear Abby for mad scientists—I draw xkcd, a stick figure webcomic.

In the book’s original introduction, I talked about how I’ve been using math to try to answer weird questions for as long as I can remember. When I was five years old, my mother had a conversation with me that she wrote down and saved in a photo album. When she heard I was publishing this book, she sent me a copy, which I included in the book. Here it is, reproduced verbatim from her 35-year-old sheet of paper:



	 

	Randall:

	Are there more soft things or hard things in our house?




	 

	Julie:

	I don’t know.




	 

	Randall:

	How about in the world?




	 

	Julie:

	I don’t know.




	 

	Randall:

	Well, each house has three or four pillows, right?




	 

	Julie:

	Right.




	 

	Randall:

	And each house has about 15 magnets, right?




	 

	Julie:

	I guess.




	 

	Randall:

	So 15 plus 3 or 4, let’s say 4, is 19, right?




	 

	Julie:

	Right.




	 

	Randall:

	So there are probably about 3 billion soft things, and . . . 5 billion hard things. Well, which one wins?




	 

	Julie:

	I guess hard things.





Sometimes it can be tempting to attribute everything about our personalities to intrinsic traits. I’m a “math person,” so of course as a kid I solved problems with math. I’m sure there’s an element of truth to that, but I also think that the idea of innate personality types can sometimes lead us astray. By encouraging us to think of every aspect of ourselves as fixed and immutable, it can be easy to miss how much we can learn from each other.

I recently stumbled on some episodes of the educational math show Square One, which aired on PBS when I was a little kid. It featured a segment called Mathnet, a parody of Dragnet and other police procedurals, in which a pair of detectives use math to solve crimes. I rewatched a few episodes, and saw the characters using math to estimate how much a sofa-sized hamburger would weigh, how many cars are stolen in Los Angeles each day, or how far a helicopter could fly while carrying a house. I realized that when I had that conversation with my mom about hard things and soft things, I was directly imitating the way they talked on Mathnet.

When I wrote What If?, I wasn’t really thinking about whether kids would like it. I just wanted to share the fun questions people asked and the cool facts I had learned while trying to answer them. When people showed up to meet me at book signings, I was caught by surprise by how often they would have children in tow—children who had memorized my chapters and mapped out their own scenarios. Over the next ten years, I started meeting more and more high school and college students who had read my books when they were kids and were now going into science.

People sometimes talk about science as if it’s the process of adding facts to the collection of human knowledge. But science isn’t simply the set of all true facts. It’s a process for answering questions about things we care about, and the caring has to come first. Answers only matter if someone cares about the questions. There’s no scientific rebuttal to nihilism.

A lot of the questions in this book are ridiculous. No one will ever drill a hole through the center of the Earth or throw a baseball at 90 percent of the speed of light. But someone cared enough about the question to ask it, and once I read their question, so did I—and science gives us a way to try to figure out the answer.

Writing this book taught me that trying to thoroughly answer a ridiculous question can take you to some pretty interesting places, and that the same tools that you use to answer silly questions can answer serious ones, too. I still don’t know whether there are more hard or soft things in the world, but I’ve learned a lot of other stuff along the way. What follows are my favorite parts of that journey.
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