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Introduction: Play Ball!

It’s a sunny day at the ballpark. Fans sit side-by-side on the bleachers. On the field, the bases are loaded. The pitcher looks at each base from the mound. He nods to the catcher, winds up, and throws. The batter swings. WHACK! The ball soars across the field. The crowd jumps up and cheers as popcorn and sodas spill to the ground. It’s a grand slam!

Americans have been playing organized baseball since 1846. Professionals, amateurs, and little leaguers play. Families play during picnics in the park. Neighborhood kids play in the schoolyard. Co-workers form teams and play on weekends. The first World Series was held in 1903. Every year, the American League and the National League compete to win the best of seven games. An average of nearly 14 million fans watch the games.1

Do you love baseball? Then you love science, technology, engineering, and math (STEM) too! Baseball is STEM in action. Science explains every pitch and swing. Athletes and fans use technology to improve their performance and enjoy the sport. Engineers find ways to keep players safe with new helmets and gloves. Major League Baseball (MLB) math experts analyze the statistics from every pitch, hit, and run.
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Chapter One

The Stunning Science Behind the Sport

Why do pitchers wind up?

What’s that crazy dance before the pitch? Why not just throw the ball? Pitchers want the ball to be difficult to hit. A really fast ball achieves this goal. How do they do it? Physics!

Physics is the science of energy and objects in motion. Newton’s Three Laws of Motion explain the way objects move. The first law states that every object will remain at rest or in motion in a straight line until acted upon by an outside force. The second law explains how the speed and direction of an object change when acted upon by an outside force. The third law states that for every action or force in nature, there is an equal and opposite reaction.1

According to the Second Law of Motion, the more force is put on an object, the faster it will move. The strength or force gained by motion is called momentum.2 When a pitcher moves his body weight back behind the pitching mound, then thrusts it forward to throw the ball, he transfers momentum from his body to the ball. To get the fastest pitch, he starts by moving his largest muscles first. Then he continues through to his smallest muscles. In this way he drives his legs, then his hips, shoulders, arm, wrist, and fingers. Each movement of his body transfers momentum to the next movement.3 As he takes a step forward and throws, he thrusts his whole body forward. An average MLB pitcher’s ball will travel 95 miles per hour (153 km/h).4


Sir Isaac Newton

Sir Isaac Newton (1642–1727) was an English scientist and mathematician. His Three Laws of Motion became the basis for modern physics. Newton also explained gravity, the force that causes things like baseballs to fall toward the earth.5
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How does a curveball curve?

Pitchers can make baseballs move in surprising ways. A curveball looks like it’s speeding right over home plate. Then it suddenly drops and moves to one side. Pitchers throw curveballs to trick batters into swinging and missing.6

As soon as the ball leaves the pitcher’s hand, the forces of nature affect its movement. Earth’s gravity pulls it downward. Earth’s air also has an effect on the ball. Air is made up of invisible gas molecules.7 When these molecules hit the ball, they create friction, or drag. The bumps made by the stitches on the ball add to the drag and slow the ball down. Professional pitchers know how to throw pitches to take advantage of the forces of nature.
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To throw a curveball, the pitcher snaps and turns his wrist. This gives the ball “topspin” as it flies through the air, which causes changes in the air molecules around it. The pull of gravity on air molecules gives them weight.8 Fewer air molecules in an area have less weight, and thus lower air pressure. More air molecules in an area have more weight, and thus higher air pressure.9
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