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  CHAPTER 1


  The Beautiful Game


  The score is tied with the championship on the line as a striker sprints toward the goal. As a pass comes in from the left wing, the striker is challenged in front of the penalty area by the last defender. The whistle blows and the referee indicates a direct free kick just outside the top of the penalty area. There are only moments left in this hard-fought game, and the referee will probably not add much time. The striker takes the ball from the referee and carefully places it just behind the arc at the top of the penalty area about 25 yards from the goal. The game and the season may ride on this kick. The keeper screams at the defenders to form a wall covering the far post. The keeper crouches forward just inside the near post as the referee signals for the kick to be taken.


  The striker stands about 10 feet from the ball, looking through the wall toward the goal. As he accelerates toward the ball, he plants his right foot facing the keeper. His left foot swings in a giant arc, striking the ball slightly off center. The ball flies off at about 60 miles per hour on a trajectory just to the left of the wall. The keeper starts to relax—surely the ball will fade wide to his right and sail harmlessly across the end line. Suddenly, to his horror, the ball seems to snap back toward the goal. As he dives in desperation across the mouth of the goal, the ball curves into the net, just beyond his outstretched hands. The whistle blows, the game is over, and the adulation of half of the crowd rains down on the field. Lost in the excitement is the subtle interplay of physics, biomechanics, kinesiology, and biochemistry that enabled the player to score this beautiful goal.
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  Soccer is a game of tactics and strategy with a rich overlay of history and tradition. It is, without question, the most popular sport in the world. In fact, the quadrennial World Cup tournament is the world’s most-watched event, surpassing the Super Bowl, the World Series, and even the Olympic Games. But soccer is more than just a fascinating mobile chess match; it is also an endless scientific panorama. Each movement by every player and each interaction with the ball involves physics, fluid mechanics, biology, and physiology, to name just a few of the scientific disciplines.


  This book explores the scientific aspects of the world’s most popular sport. In general, we avoid the complex mathematics that generally accompany the physics, but enough mathematical background is provided to support the conclusions. For the curious, references are provided that include more detailed information.


  The book is divided into six chapters, two appendices, and a glossary. The remainder of this chapter talks about the history of soccer from its earliest roots to the modern sport. It also takes a brief look at the history of soccer science. In chapter 2 we discuss some of the key physical and mathematical aspects of the game.


  After establishing the historical and mathematical background, we examine the two key elements of the game—the ball and the players. chapter 3 discusses how and why a ball bounces, and chapter 4 addresses how the ball spins and what that means for the game. In chapter 5 we look at the players kicking, heading, and trapping from a scientific point of view. We’ll also look at the sources of the energy required to run, jump, and kick for an entire game.


  chapter 6 puts it all together by following a sequence of plays, not in the usual tactical way, but by describing the science behind tactical maneuvers. Sidebars and appendices allow those with a more mathematical bent to follow the physics and perform some experiments to see the effects of phenomena like drag, bounce, and spin. In addition, key terminology is highlighted, explained in the text, and summarized in the glossary. By the end of the book, we hope that you will have a better appreciation for the science that lies behind every move you make on a soccer field.


  A Brief History of the Game


  From ancient times, people have kicked objects across fields. Some of these games involved kicking and throwing, others just kicking. Some, like the Berber game of koura, the Japanese kemari, and the Aztec tlachtli, had religious or fertility overtones (in fact, the losers in tlachtli may have been sacrificed to the gods!). Some, like the Roman harpastum or the Chinese kicking game of tsu chu (or cuju), were used to train soldiers for combat.


  The Florentine game of calcio and English Shrove Tuesday games were more recreational, although violent, sometimes to the point of serious injury or even death. In fact, one medieval writer complained,
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    Children in 12th-century China playing tsu chu
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    Episkyros

  


  Concerning football, I protest unto you that it may rather be called a friendly kind of fighting than recreation—sometimes their necks be broken, sometimes their backs or legs, sometimes their noses gush out with blood, and sometimes their eyes start out.


  The ancient roots of soccer can be traced to Babylonia, China, and Egypt as early as 2500 BCE. The Babylonians played a game that involved a ball stuffed with bamboo fiber, sand, or hair, and there are scenes on Egyptian tomb walls of athletes juggling balls with their feet. The Greeks played a game called episkyros as long ago as 800 BCE, but this appears to have mostly involved throwing and catching. Another Greek game, harpastron, may have been more akin to modern rugby than to soccer, but it led to the Roman game of harpastum, a game that Julius Caesar and his legions brought to the various territories that they conquered across Europe. Although we know very little about the rules of harpastum, it probably included throwing and kicking a leather ball about eight inches in diameter and stuffed with chopped sponges or animal fur.


  Football games pervaded the New World as well. Even before the European explorers first landed in North and South America, the Aztecs played tlachtli, the Inuits played aqsaqtak, and the Native Americans of eastern North America played pusuckquakkohowog (a word that means “they gather to play ball with the foot”).


  Julius Caesar’s introduction of harpastum to the British Isles in 43 BCE would prove to be a critical point in the development of the game; if the roots of soccer’s family tree spread into the ancient past, its trunk certainly grew strong and tall in England. The new game flourished in the British Isles, and there is a tradition that a group of Britons played a game at Derby on Shrove Tuesday (also known as Mardi Gras—the Tuesday before Ash Wednesday and the start of the Lenten season) in 217 CE to celebrate their military victory over a contingent of Romans.


  Perhaps because they were played by soldiers, many of the ancient games came to be associated with commoners rather than the elite. This could also be the reason for their rather rough-and-tumble nature. Life in medieval Europe was downright painful much of the time, so any diversion was much appreciated. Soccer’s medieval predecessors provided such a diversion, and the games became more and more popular. These early games had few if any rules—the guideline seems to have been “where the ball goes, the mob goes.” Soule or choule, related to harpastum, sprung up in France. It was played using a leather ball stuffed with bran that was propelled with one’s hands or feet or with sticks. The Florentine game of calcio had teams of 27 players, each attempting to get a ball through a narrow slit by kicking or throwing. Headbutting, punching, elbowing, and choking were permitted, but sucker-punching and kicks to the head were not allowed.
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    Shrove Tuesday football

  


  As the games grew in popularity among the commoners, they began to irk the monarchy. King Edward II banned the game in English cities in 1314, and King Richard reinforced the ban in 1389, complaining that playing football was interfering with archery practice. Under pressure, James IV reinstated the game in 1497, but Henry VIII banned it again in 1540. In 1597, Henry’s daughter, Elizabeth I, levied a one-week jail sentence plus a church penance for anyone caught playing the game in London.


  Royal attitudes changed as the game became more and more pervasive. By 1680, Charles II gave the game royal patronage, partially in reaction to the end of the Cromwellian revolution led by Puritans who frowned on games of any sort. As the British Navy spread the empire around the globe, soccer-like games went along—whenever a Royal Navy vessel docked in a new port, the sailors went ashore with their ball and the locals picked up the game.


  The establishment of common rules for the game we now call soccer began in 1863 and had the effect of forcing those who wished to play games that involved handling or carrying the ball to set up their own organizations. In 1871, the Rugby Union
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