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			To my family—and to all the scientists who were “good sports” along the way.

	
			This book has been a labor of love from start to finish, but like most sporting—and scientific—achievements, it has been a team effort. My family provided support and confidence all through this process, often acting as playing partners, backstops, coaches, and teammates as the need arose.

			I turn to New York City now to thank those who helped turn interesting ideas into these printed pages, in particular my agent, Jim Levine of the Levine Greenberg Rostan Literary Agency. Likewise I was fortunate to team up with Workman Publishing’s two “Daniels”: Daniel Nayeri, Director of Children’s Publishing, for his inspired vision about the project from the very beginning, and editor Danny Cooper for his diligent and enthusiastic editing, patience, and practical suggestions. Designer Galen Smith and production editor Beth Levy were wonderfully creative and hardworking as well.

			In addition, the following individuals and organizations have provided inspiration or assistance, and sometimes both: Berkshire Film & Video, Frank Ciccotti, Gregory Etter, Gary Hoffman, Kingswood School, Dr. Peter Lydon, M.I.T.’s Educational Studies Program, Robert Rauch, Peter Rielly, Jennifer Spohn, and Elizabeth Stell.
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			Glossary

			About the Author

	
			Introduction

			“Did you get tickets for Saturday’s big game?”

			“No, who’s playing?”

			“Nuclear physicists versus chemists, duh!”

			That exchange probably sounds a bit ridiculous. Come on—physicists against chemists?! What are they going to do, race to tidy up a lab or stack a bunch of test tubes? But if you think it over, you’ll find that even if scientists aren’t competing directly in sports, most athletes are demonstrating science every day. And so are you, each time you wind up to pitch, skate the length of the rink, or take a turn on the trampoline.

			A Long Tradition

			Whether it’s a gravity-defying slam dunk or a gymnast’s landing that “nails it,” athletes are using science all the time. Nowadays, many teams and individual athletes hire “sports scientists” to boost their performance, improve their diet, or just help them stay in shape—but the science has always been there.

			Trial and error—a basic scientific method—helped ancient Greek discus throwers in the first Olympic Games nearly 3,000 years ago. Runners from that same era would soon have learned when to sprint and when to pace themselves, even if they didn’t know about the chemistry of energy production.

			It’s only natural that this basic sense of curiosity—coupled with an equally natural desire to win—would draw technology (where science meets engineering) into the world of sport. Why give tennis balls a furry surface? How does one type of putter help you master the two-putt out on the green? Would a racing car go faster if it had wings?

			The Sports . . .

			The Book of Wildly Spectacular Sports Science gives you the chance to learn—or learn even more—about dozens of sports. And the world of sports really is wide and wild. Think of the nerves you’d need to launch yourself off a ski jump or “hang ten” on a monster wave. What about the superhero strength you’d require to chop wooden blocks with your bare hands, or the magical powers necessary to give a baseball a mind of its own as it dances the 60 feet, 6 inches to home plate?

			But there’s more to sports than being superhuman or wizardlike. What about the sports and physical activities you can do day in and day out? How about trying to get the hang of slacklining? Or learn how to make a soccer ball stop dead and drop to your feet so you can shoot or score? Or maybe try to figure out how some gears on your bike let you climb the steepest hill?

			. . . And the Science Behind Them . . .

			Of course, it's science that provides the key to understanding most sports, from the familiar everyday variety to the ones that make you think, “Are they out of their minds trying to do that?!” In the following pages you’ll find that there’s a scientific explanation for each flip, jump, turn, and Hail Mary pass. It’s great to see how classroom terms like momentum, center of mass, Newton’s laws of motion, and friction have starring roles in the world of sports.

			Plus, you’ll come across a few terms for the first time: Do you think that the “moment of inertia” belongs with auto racing or golf? Does electrostatic friction help explain the bounciness of a trampoline or why you need to wax a snowboard? You’ll soon find out.

			The book’s explanations—and your own experiments—don’t just help you learn the scientific secret for one sport. They also show how these scientific principles connect one sport to another. Did you ever imagine that knowing how a knuckleball works would help you with soccer free kicks? Or that the best way to get “air” on a skateboard jump is to study a figure-skating routine? You’ll find dozens of these links as you read the book.

			How to Use This Book

			Each entry focuses on a sport—or to be precise, the science that gives that sport its character and excitement. The entries themselves are grouped into seven chapters based on something that their entries share. It could be something broad, like when or where the sports are played (“Winter Sports,” “Indoor Sports”), or it could concentrate on how the sport is played (“Bat and Ball Sports,” “Rackets and Clubs”).

			An entry begins with a reminder of what makes a particular sport so cool before setting the scene for the science that makes it all happen. And what better way to grasp that science than with an experiment? The chapter leads up to its experiment, which begins with an idea of how long it’s going to take. You’ll find lots of quick-fire experiments that get you a payoff in a couple of minutes. Others reveal their secrets over a longer stretch of time but are definitely worth the wait.

			The experiment then breaks down into the following sections:

			The Lineup

			Here’s the list of the ingredients you’ll need to perform the experiment. Don’t worry—you’re sure to find pretty much everything in your house (and sometimes at the park).

			Play Ball!

			Okay, here you’ll find the nuts and bolts of the whole thing. The numbered step-by-step instructions take you all the way through the experiment.

			Two-Minute Warning

			Special advice (and sometimes a safety warning) for the experiment.

			Slo-Mo Replay

			The explanation of the science that lies at the heart of the experiment, along with a reminder of how it relates to that entry’s sport.

			Final Words

			Okay, so you might not be hired as the new Denver Broncos QB after reading this book, and Harvard might need to interview a few other candidates for science-teaching posts. But you should be able to appreciate your favorite sports and science even more. No one needs to tell you to have fun when you go out to play, but can you imagine hearing your mom shouting, “I’ve called you five times already! Would you stop it with all that science—it’s suppertime!”

			Well, who knows? You might hear that after you look through this book.
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			Chapter One

			

			Bat and Ball Sports

			What better place to start a book on sports than with America’s national pastime, baseball (and its close relatives, softball and Wiffle ball)? We’re in “it’s outta here!” territory—or was that “swing and a miss”? Either way, there’s a lot of science at work, particularly if you’re trying to figure out why one pitch will let you tee off while another will curve and drop right past you into the catcher’s mitt.

			You will likely see some of the scientific principles behind these sports cropping up again later in the book, in slightly different forms. But it’s good to get started “right off the bat” by matching that science with sports you’ve probably played for as long as you can remember. That way, you might find that you don’t have to deal with so many knuckleballs . . . but we can’t promise.

	
			
				
					
					
					
				
				
					
							Sport

							Baseball

							Time Factor •••5 minutes

					

				
			

			How Does a Knuckleball Work?

			You’re at the plate, hands gripping the  bat and eyes on the ball as the pitcher delivers. You’ve got enough time to line up this meatball to send it flying, and you power into your swing. But a split second before you make contact, the ball dips to the left—five inches beneath your bat. Strike one! Two more pitches and two more swinging strikes follow. You’ve just been caught by the most devilish pitch in baseball: the knuckleball. Curveballs curve, sinkers sink, and fastballs go fast . . . but knuckleballs just can’t be predicted. They seem to dip, wiggle, and stall, and no two pitches behave the same way. Plus, they’re slower than a herd of snails stampeding through peanut butter. So what’s the story?
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			It’s No Drag

			Baseball isn’t the only sport featuring a ball with a mind of its own. Volleyball spikes and bowled cricket balls can outfox opponents because of their erratic movement. Cristiano Ronaldo, star forward for Real Madrid soccer club, regularly sends free kicks zigging and zagging past walls of defenders and into the net. The name he gives to this no-spin weapon? “The knuckleball.” Scientists have gained a basic understanding of the knuckleball—a lack of spin makes its flight unpredictable. But why that happens is still a matter of study in physics labs. You can do a simple experiment to get an idea of just what makes the knuckleball such a devious pitch, all in the comfort of your kitchen.



					The Lineup

			★	Empty 2-liter soda bottle (must be clear)

			★	Water

			★	10 marbles

			★	Paper towel

			★	Funnel (optional)



			Play Ball!
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			1 Fill the bottle to the very top with water and place it on a table or counter.



			2 Find a position, crouched or sitting, where you can observe the bottle comfortably at eye level.

			3 Hold a marble, pinched between forefinger and thumb, directly over the mouth of the bottle. The marble should almost touch the water.
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			4 Release the marble, making sure that you don’t let it spin out of your hand.
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			5 Observe the marble’s path as it sinks.



			6 Repeat Steps 3 to 5 with the other marbles. Can you get three in a row to go the same way?


				two-Minute Warning
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			Make sure the water level is right up to the top of the bottle throughout the experiment. That way, the marble won’t pick up any spin as it drops through the air into the water. Top up the level if it gets low and wipe the side of the bottle with the paper towel.






				SLO-MO REPLAY ▸

			In this experiment, you’re observing a basic scientific principle: Many forces behave similarly in gases and liquids. A knuckleball’s flight through the air (a gas) is similar to the marble’s path through the water (a liquid). You can see that no two “drops” were identical, just as no two knuckleball pitches are. A spinning ball (in curveballs, fastballs, and other pitches) channels air to one side. That channeling creates a consistent wake behind the ball, making the drag—the force that slows its forward movement—behave steadily. Without the spin, the knuckleball channels air this way and that depending on tiny variations in its movement. There’s no consistent guidance, so the ball goes haywire. Sometimes it might even go where you expect it to—but don’t count on it, slugger.



			
				
					
					
					
				
				
					
							Sport

							Baseball

							Time Factor ••• 45 minutes

					

				
			

			Why Do Pitchers Raise A Leg so high?

			“He-e-e-re's the windup . . . and the pitch . . . STEE-RIKE THREE!”

			Whether it’s Game 7 of the World Series or opening day of Little League season, those words describe some of the most suspenseful and dramatic moments in a baseball game. What makes it even more exciting is watching the pitcher lean way back, with his front leg stretched out and up, before unleashing that heat-seeking fastball. You might not have realized that with each delivery, the pitcher is performing a science demo of the principle known as torque. And that torque feeds into momentum, the force an object has when it moves—an object like a 95 mph fastball, for instance.
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			Medieval Fastball

			Prepare to transport from the world of Major League fastballs to medieval fireballs. You’re about to test a mechanical throwing arm by building a miniature trebuchet, the sort of throwing machine that terrified castle defenders. Back in the Middle Ages, soldiers attacked fortresses by heaving stones, dead or diseased animals, and even blazing fireballs over the walls. It took a lot of force to launch those heavy objects over great distances, and this experiment will show you how the attackers could maximize their force. Real trebuchets were about 30 feet tall and could launch a 300-pound rock about 300 yards—hey, don’t get any crazy ideas!—but your smaller version works on the very same principles of torque and momentum, shedding light on how that outstretched leg helps a pitcher.


	
					The Lineup

			★	Ruler

			★	Firm cardboard (from a heavy box)

			★	Scissors

			★	Sharp pencil

			★	2 strong rubber bands

			★	Glue

			★	Masking tape

			★	Plastic spoon

			★	Ping-Pong ball or scrunched-up tissue paper

	

				Play Ball!

			1 Measure and cut out two pieces of cardboard—one 6 × 6 inches (the “base”) and the other 2 × 6 inches (the “launcher”).

			2 Fold the launcher piece in half, so that each half measures 2 × 3 inches.
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			3 Use the pencil to punch a hole in the middle of each flap of the launcher.


			4 Line up the folded edge of the launcher with one edge of the base, at center.
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			5 Mark and then punch a hole in the base, directly under the holes of the launcher.
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			6 Cut one rubber band and tie a knot in one end.



			7 Feed the other end of the rubber band from below the base and through the two launcher holes. (The launcher should still be lined up along the edge of the base, with the flaps facing inward.)
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			8 Tie the other end of the rubber band so that there’s just over an inch of slack between the two knots.
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			9 Glue the underside of the launcher onto the base and tape it with two pieces of masking tape as well.



			10  Unfold the launcher and tape the spoon onto it. The spoon will need to move with the launcher acting as a hinge, so make sure you leave a little space for the launcher to move freely.
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			11  Now you’re ready to fire. Holding the base firmly, pull the spoon back, load it with the Ping-Pong ball (or balled-up tissue paper), and fire.



			12  Try a few firings to get an average distance, then cut and remove the rubber band.

			13  Cut, knot, and feed the second band through (as you did in Steps 6 to 8), but this time leaving a shorter gap between the knots.

			14  Try some sample firings and compare the distances.


				two-Minute Warning
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			You might find it easier to have a friend hold the base down while you load up and fire. And remember: no blazing fireballs!
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				SLO-MO REPLAY ▸

			During a windup, a pitcher’s body-twist and leg-raise build up force, transferring energy to their throwing arm. When the leg starts to swing down, it transfers force into the pitcher’s upper body and arm. By then it becomes a matter of increased momentum, which is the force of movement.

			By tightening the rubber band in this experiment, you’ve loaded a lot more force into the trebuchet’s throwing arm (the spoon), just as the leg kick adds more force into the pitcher’s delivery. Isaac Newton gave us the law that force is made up of mass × acceleration (speed), or F = m × a. The pitcher’s windup, like the tightening band, is increasing the overall force (F). So, since you’ve increased the force, and the mass of the baseball or Ping-Pong ball remains the same, then the acceleration must go up, too. More speed means longer tosses of fireballs . . . and faster fastballs.



			
				
					
					
					
				
				
					
							Sport

							Baseball

							Time Factor ••• 5 minutes

					

				
			

			What Happens When a Pitcher “Doctors” a Ball?

			Pitchers absolutely love licking their fingers. Is it just a nervous tic? Leftovers from yesterday
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