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Preface



Newton on the Tee describes, in simple everyday language, the most interesting and useful physics and motor control research applicable to golf. The genesis for this book occurred as I was thumbing through articles in preparing the two-volume Encyclopedia of Sports Science, and it occurred to me that it would be worthwhile to take the little-known general research that has been done on the physics and motor control aspects of sports and apply it specifically to golf. In writing for the typical golfer, my foremost concern was trying to present the scientific principles without excessive use of technical terminology or golf jargon. To help bridge the chasm between the languages of golf and science, I present parallels to anecdotal comments from professional golfers that explain scientific principles in a descriptive but unscientific fashion and also use analogies to actions in other sports, because the forces that are subtle and invisible in golf are often obvious and easy to picture when appearing in other sports. These analogies should be especially helpful for natural athletes who have displayed talent in a number of other sports, yet have found golf exceedingly difficult.


Regardless of ability, golf is an intoxicating lifelong passion for many because of a natural desire to compete and improve. Golfers forsake family and friends and each year spend billions of dollars searching for tips in books and magazines, picking up pointers from instructional videos, seeking customized help from local professionals, or shopping for miraculous swing-improving equipment that promises to shave strokes from every user’s scorecard. All is done in an effort to drive the ball a little farther, pitch the ball with greater bite, and drop long putts with more frequency. In this quest, you can either change your swing, change what you’re swinging, or change the swinger. Newton on the Tee tries to give you insight into all three approaches. Of course, in our modern world of instant gratification, the latter—improving one’s physical fitness—is usually the option of last resort. It is much easier to seek real or imagined relief with a “quick fix” instructional lesson or a new driver than to suffer through the agony of improving your flexibility or replacing twenty pounds of fat with twenty pounds of muscle mass.


Only a few golfers have the interest and time to embark on a quest for mental and physical perfection. Therefore, Newton on the Tee is organized so that you can quickly find what interests you most. Chapter 1, “How Easy Is this Game Anyway?” begins by describing why golf is a much tougher game than it looks, detailing all the little things that you have to get right to play well. In Chapter 2, “The Physics of a Sweet Swing,” and Chapter 3, “Mind over Muscle,” the focus is on the universal principles shared by all those very rhythmic and well-timed golf swings you can see on television every weekend—constituting the most vital aspects of the physical and mental game that need to be conquered in your quest for swing perfection. Chapter 4, “Getting the Ball from Here to There,” covers shot-making decisions in all types of wind, weather and course conditions. Chapter 5, “Clubs and Balls,” follows by describing the role of golf gear: the tradeoffs inherent in material choices, the pros and cons of club designs, and why the clubs and balls of today are far superior to those of yesteryear. Since golf is a lifetime game, Chapter 6, “Injuries and Aging,” spells out some of the physics and physiology behind aches and pains and what can be done to prevent injuries and to delay the age-related problems that cause a decline in play. And Chapter 7, “Probability and Statistics,” finishes with a look at interesting mathematical applications that will enhance your understanding of the game of golf. “Call out boxes” can be found in most chapters that look into noteworthy scientific questions and explanations that are tangential to the material being presented.


People look to science for profound truths about the world around us, and with good reason. Scientific discoveries have led to the development of some truly amazing technologies in almost every imaginable field of study. Nevertheless, if you’re looking for a long list of profound discoveries in Newton on the Tee, you’re going to be disappointed. Science has actually contributed very little to the discoveries made in golf: It usually only confirms what has been proven through the endless trial and error experimentation that takes place every day on golf courses throughout the world. The history of innovations in golf often goes something like this: An experiment is tried, results follow that show it works, and then only later, after the innovation has been widely adopted, is it proven to be scientifically sound. For instance, up until very recently the design of equipment, selection of materials, and evaluation of performance have been rather scientifically unsophisticated. Usually this haphazard analysis has been used primarily to confirm the efficacy of an existing direction of innovation or an improvement already advocated; rarely has scientific research alone resulted in a revolutionary discovery. The greatest contribution of science has been in the refinement of innovations after a scientific analysis has shown that it works and why, which is my focus in this book. My objective is to clearly, concisely, and accurately present the scientific principles of golf to heighten your appreciation of the game and, with this knowledge, perhaps even improve the quality of your play.










Newton on the Tee











1 How Easy Is this Game Anyway?



THE intriguing paradox of golf is that almost everyone can play the game but oh so few can master it.


Since anyone can play the game, conventional wisdom is that golf is easy. Many spectators would concur. From watching PGA or LPGA golfers compete, it is legitimately believed by many viewers that they possess greater overall athletic talent, and therefore, if given the chance to relive life, one spent working on their game as much as the pros do, they too could have competed against the very best. This belief is even more pervasive among professional athletes competing in the other major sports. Many professional athletes are under the delusion that once they retire from playing their chosen sport, they have the ability to reach the top ranks of the PGA Tour because of their sheer athleticism. Although many have tried, it has never happened and probably never will. A few exceptionally talented athletes have been able to excel at professional baseball and football, or track and football, but no athlete has graduated to the PGA Tour.


No matter how talented the athlete, upper-echelon golf requires far too much precision to convert a hobby into a professional livelihood. Those that try eventually realize that it is too late to be great—their nervous systems are too hard-wired to match the fine-tuned precision found among golfers on the PGA Tour. Most of these would-be golf pros manage to prop up their egos by reminding themselves that if they concentrated on a PGA career it could have been a reality. Perhaps that’s true, but you can imagine how envious other ballplayers are of golf pros: careers of most professional athletes average in the five-to-ten-year range while the careers of some golfers can span decades. Sam Snead actually won PGA tournaments in seven different decades-the 1930s, ’40s, ’50s, and ’60s on the PGA Tour, and the ’70s and ’80s on the Senior PGA Tour.


Athletes with ample physical gifts often miscalculate their ability to excel at golf because the enormous talents displayed on tour are difficult for the untrained eye to pick up; they are either extremely subtle or completely invisible. Athletes who have been successful at every endeavor they have ever tried cannot achieve the same success golfing. Whereas being tall or possessing an athletic build are significant benefits in most sports, they’re not in golf since the game does not feature explosive running and jumping or feats of great power, strength, or stamina. Power, speed, and jumping ability are very visible talents; golf talent, on the other hand, is not so apparent. Aside from the athleticism to swing the golf club with great rhythm and timing—an ability to subtly control hundreds of muscles—it is equally important that professional golfers have the mental skills and the game savvy to best take advantage of their physical skills.


The Precision for the Collision
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In golf, looks can indeed be deceiving. From your living room recliner, golf looks easy. The same basic swing, with a few minor variations, seems to work for the longest drives to the shortest wedge shots. However, by just watching televised tournaments it is impossible to ever develop an appreciation for the thousands of subtle muscle movements involved in a swing that takes a little less than a second from start to finish and a collision that is over in 0.0005 of a second. And these movements must be held in memory, performed in the right sequential order, and carried out with precise timing. That is why the quest for a graceful, fluid, repeatable swing is an extremely humbling exercise for mind and body.


It’s easy to tell someone to watch the pros and try to emulate their every move, but these are truly gifted athletes who work their magic on the ball in ever so subtle ways. We’re not endowed with the abilities of Tiger Woods or Greg Norman; we don’t have the same multifaceted skills, the same ability to employ invisible and subtle forces to alter the ball’s flight, bounce, and roll. Thus, it’s not worth trying to emulate their every move. Instead you want to honestly evaluate your strengths and weaknesses before selecting equipment and devising a strategy for play that best fits with your unique God-given talents. There is not a one-size-fits-all “right” swing. You need to develop a swing that plays up your strengths and deemphasizes your weaknesses.


Another aspect of the game that makes golf so difficult is that each collision does not have the same goal; the game plan and situation dictate not only what clubs should be used, but also adjustments in swing mechanics. With any given club, there can be a range of objectives: maximizing or minimizing impact velocity, trajectory, or spin to name a few. There are hundreds of different combinations of initial velocities, trajectories, and rates of ball spin that can get the ball in the proximity of where you want it to go; therefore, you have to approach shot-making like a statistician, figuring out all the probable outcomes from the many different trajectories that can get the ball near the hole. Then you have to not only select an option that offers good results with a comfortable margin for error, but also it has to be an option that you have confidence in your ability to execute. This optimal combination obviously will differ between hackers and pros (the pro has a much wider range of skills to execute those hundreds of combinations), but it is likely to vary between pros as well. That is one of the reasons it is so intriguing to watch the shot-making decisions of professional golfers. For those who know the game well, the chosen combinations of velocity, arc, and spin are as eagerly anticipated as the actual results.


Even when the goal is the very simple and straightforward one of maximizing impact velocity, there are thousands of things that can go wrong. If the clubface is a half-degree less than square to the ball, the ball can go off course by 20 yards—endangering the lives of unsuspecting fellow golfers as it slices its way across an adjacent fairway. If the downswing is just the slightest bit serpentine, the ball can slice 30 yards off-course and travel a much shorter distance. If club velocity is 110 miles per hour and not 111, it could be the difference between the ball landing a few feet from the hole or rolling right off the green. And if the ball is struck one-fourth inch too high or too low, the ball can, respectively, weakly dribble its way up the fairway or sky and land very short.


The ball’s lie can also pose considerable problems, significantly altering the dynamics of the collision. Golf would be a whole lot simpler if you could take a drop until happy with the lie. Unfortunately, errant shots are likely to be in poor positions that lead to bad lies, which means there is going to be a lot of interference with your clubface’s pathway to the ball, and if buried in the rough, a lot of grass sandwiched between your clubface and the ball at contact. The degree of difficulty gets magnified even more for lies in difficult terrain. Side-hill lies or balls coming to rest atop a ridge or in a ditch are fiercely difficult shots, because the difference in elevation of the ball in relation to your feet alters the distance from your hands to the ball, making the effective length of your club either too short or too long. You must make adjustments to compensate for this length difference: With an uphill lie, you have to adjust for the tendency to pull your shot, and with a downhill lie, the tendency for the ball to slice.


Wind, especially when gusty, adds still another layer of complexity. The dimpled golf ball might be an aerodynamic wonder that minimizes the effects of the wind, yet the wind can still drastically and unpredictably alter the flight of a golf ball since it is light and stays aloft for several seconds. How much the wind veers ball flight not only depends on its direction and velocity, but also on the ball’s velocity, trajectory, time aloft, and the amount of backspin. If a 120-yard approach shot is taken expecting a 20-mph headwind, and it turns out to be 30, the ball might drop 20 yards in front of the green instead of at the pin. This is where wind strategies come into play, such as using a higher velocity and lower trajectory shot that will be less affected by the wind than a high-arcing shot, since the ball will be aloft for a shorter period and wind velocities are slower closer to the ground. The tradeoff, however, is that a higher velocity and lower trajectory shot will be tougher to stop as quickly, yet it can be well worthwhile since it allows for greater confidence in directional precision.


Precision shot-making requires plenty of analysis; demanding coordination of the physical, mental, and motor control aspects of the game; and an astute evaluation of how the environment is going to affect your game on any given day. Further, it requires an understanding of your equipment and how to get the most out of it under any circumstances. Athleticism helps develop finely tuned ball-striking skills but is of little consequence in cultivating the ability to confidently evaluate the environmental conditions and, considering your abilities, select a shot strategy that results in the best probable outcome.


Putting It All Together and Keeping It There
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There is so much that needs to be put together to win at the elite level. Then once the magical combination is reached, many professionals will tell you how devilishly difficult it is to keep it together. For no apparent reason, the ability to execute sometimes just leaves a golfer. Injuries are sometimes to blame, but just as often, going into a funk happens for no apparent reason. There seems to be no easy explanation for why a professional golfer turns in an outstanding performance one week and proceeds to fall apart the next. Mark Calcavecchia broke a 46-year-old 72-hole scoring record with a 256 at the 2001 Phoenix Open. You would think a golfer that hot would be the favorite to win the next week, but four days later, he recorded a 40 on the front nine at the AT&T Pebble Beach Classic and wound up missing the cut.


A more routine phenomenon than the sudden and devastating slump is the prolonged losing streak that can be experienced by even the most talented golfers. Davis Love III was at the top of his game in winning the PGA Championship at Winged Foot in 1997, but then went on a long dry spell—playing the next 62 tournaments over 34 months without a victory. Until his seven-stroke comeback to win at Pebble Beach in February 2001, he was beginning to be referred to as the most talented golfer not capable of winning. Mark O’Meara had a career year in 1998, winning two Majors and being named the PGA player of the year, but he has not won a tournament since. It might take years for the precision skills of professional golfers to finally come together, and then once it does, success can be fleeting.


All golfers will attest to the difficulty of maintaining the groove. Professional golfers go through perhaps more ups and downs than any other athletes, and in addition, the human body is always changing, which impacts a golfer’s game. It is nearly impossible to maintain the same quickness, flexibility, strength, and mental sharpness day to day, week to week, and month to month, which makes it extremely difficult to keep a hot streak going. And the changes are more significant than just the battle of the bulge, the occasional gaining or losing of a couple of pounds; the skeletal structure itself isn’t static. Though bone length is fixed by the late teens or early twenties, width and density peak in the 30 to 35 range and then decline. Posture is also likely to change due to gravity; if you have bad posture, gravity continues to make it worse, slowly altering your swing dynamics. And finally, your flexibility isn’t static. It improves if you work at it, deteriorates if you don’t, and is prone to decline with age. Any one of these physical changes has the potential to change your swing in little ways that could have minor or major repercussions. Moreover, your brain complicates matters by sending out motor signals to the body that must be altered to account for changes, be it injury, aging, or just day-to-day physical well-being differences. This includes the doubt that keeps creeping into your head about whether these adjustments are right.


There is also the genetic component—the predisposition to injury and the effects of aging. Your body has to hold up. Regardless of your natural athletic talents, it takes years of practice to master the game. An injury at any time can end what could have been a very promising career. Top professional golfers have to constantly adjust their game for the injuries and pain that usually accompanies aging. The first adjustment is to the injury, followed by the adaptation back again after recovery. As motor memory switches from the healthy swing to the injured swing and then back again, there will always be a need to reestablish confidence.


Considering all the myriad factors that go into a sweet and confident swing, it is no wonder professional golfers are unable to articulate the reason for a slump. So the next time you hear someone say golf is an easy game, rest assured that you are listening to someone who has never considered how difficult it is to play well and continue to do so, and how little it takes to start playing poorly.





2 The Physics of a Sweet Swing



PROS drive the ball close to 300 yards and puncture greens with lawn-dartlike approach shots. Most of us can only dream about such heroics. We’re elated when our shots carry over 200 yards and usually have to pray for lucky bounces and kind rolls to aid errant approach shots. There are no easy answers to why their swings can look so balanced and ours so unstable, theirs so effortless and ours so labored, theirs so smooth and ours so jerky. The only certainty is that pros better know how to fully exploit their God-given talents and equipment. From years of practice and continual fine-tuning, they have learned how to generate tremendous clubhead velocity to drive the ball vast distances while also developing the feel and control to achieve pinpoint accuracy for shot-making. Much of the difference between the duffer’s hack and the pro’s swing seem subtle; however, it is actually several subtleties, largely imperceptible to all but the best-trained eyes, that constitute the disparity. Blurring things further is the fact that no two golfers swing exactly alike, even professionals. Everyone possesses unique physical characteristics (height, weight, and frame) and athletic skills (speed, quickness, strength, and flexibility), rendering moot the notion of one universally identifiable “correct” perfect swing to be working toward. Differences in mechanics should be expected, and length of backswing, degree of wrist cock, plane of the swing, type of stance, and grip should all be tailored to your strengths, weaknesses, and idiosyncrasies. For example, if you have an athletic build—thin waist and wide shoulders—your best potential swing will look far different than a golfer built like a barrel. Likewise, if you are strong but lack flexibility, your best potential swing will be far different than a long, lanky golfer with great flexibility.


Although swing perfection is a largely unrealistic goal, a more attainable worthwhile one is developing a sweet swing based on a few fundamental principles of physics. The biggest hurdle to overcome in achieving this goal is developing the skill to control the thousands of well-timed muscle actions that go into a sweet swing. Pros perform these actions almost subconsciously, but for the rest of us (that is, everybody who did not start swinging a golf club as a toddler), the development of a sweet swing requires a much more conscious effort.
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Power: Where It Comes from and How to Unleash It


Swing power is the most coveted trait in golf. If you have any doubts, camp out at a driving range for an afternoon: You’ll see a disproportionate amount of time spent swinging drivers. Perhaps it is the simple thrill of seeing the ball sail a long way, the best way to release everyday stress, or perhaps it’s just the macho thing to do. Whatever it may be, there is a love of power and a yearning to achieve more of it.


Power is very seductive for the fan as well. When a pro swings ferociously, “oohs” and “aahs” ring out from galleries. If a golfer can launch 300-yard drives on a regular basis, his status among fans is automatically elevated even when the rest of his game is suspect. John Daly became an instant fan favorite not so much for winning, but more for his ability to cream the ball. Some of this fascination with power is justified. It is the most effective way to demoralize an opponent; everybody, theoretically, can develop great touch, but not everyone can hit for tremendous distance. Superior putting, chipping, and iron play can all be cultivated with practice, but the power game largely relies on exploiting physical gifts. Furthermore, explosive power as it applies to golf is unique. The most powerful shotputters, discus throwers, and weight lifters can’t pick up a driver for the first time and start launching 300-yard drives. They can generate more power than any other athlete, yet their type of power does not correspond to that exhibited in golf.


To understand the concept of golf power, it is first useful to understand what is meant by muscular power. Muscular power is the rate of energy expended, and it depends on the amount of energy available and the time taken to expend it. However, it can’t be measured internally—that is, the rate at which muscles are actually producing and transferring mechanical energy—so the only real clues used to calculate muscular power are external: the amount of weight moved and the time involved. But even these external measurements are viewed differently by physicists and physiologists. Whereas physiologists associate power with mechanical force produced (Power = force × velocity), physicists define power as the rate at which work is being done or energy is transformed (Power = work done/period of time). Both define power as explosive force, yet time is the key variable for physicists. If a heavy weight is moved very quickly over a great distance, a lot of power is being generated. But if the same or an even heavier weight is moved more slowly over a shorter distance, then far less power is being generated. For physicists, Olympic lifters attain the upper limit of what is humanly possible. When they take 500 pounds from floor to overhead in 0.6 to 0.9 seconds, they generate superhuman power of 6,299 to 4,178 watts (8.4 to 5.6 horsepower).


Power for golfers is very different. Olympic lifters and professional golfers both impart the largest force possible for as long as possible, yet the muscle action is far different since the golf club weighs in at a few ounces and not hundreds of pounds. Olympic lifters try to move a very heavy weight a short distance quickly; golfers try to move a feather-light golf club a considerable distance at hypervelocities. Olympic lifters desire an explosive effort from almost all of the muscle groups simultaneously. Muscle power for golfers, on the other hand, is generated by the well-timed actions of select muscle groups. Golfers have the very difficult task of trying to keep the majority of the muscles out of the way, preventing them from interfering by contracting instead of relaxing.


The golf swing requires each body lever (bones) to come into action at the time that the prior one has reached maximum velocity. The muscle action involved in hitting the driver has much more in common with the fastball in baseball. In both, the larger, slower, and more powerful muscles of the lower body need to accelerate the smaller, faster muscles of the upper body and arms: the power comes from the ground up. A study of pitchers attributed 47 percent of pitch velocity to the step and body rotation, with the remainder coming from arm action, and the same probably holds for golf. According to calculations done by physicist Ted Jorgensen, author of The Physics of Golf, the typical professional golfer’s swing delivers energy at about 2 horsepower, which requires 32 pounds of muscle or about one-eighth of horsepower per pound. Since muscles work in pairs, it requires 32 pounds of muscle mass and not just 16; for every muscle that produces motion in one direction, there is a muscle of about the same mass producing motion in the opposite direction. He reasoned that 32 pounds of muscle is too much to be generated exclusively by the arms and shoulders. Most of the power has to come from the legs, buttock, back, and abdomen. Unfortunately, most of us marginalize the contribution of the lower body because lower body movement is minimal and the speed of that movement is much slower than what takes place with the shoulders and arms.


Swing power is, in essence, fine-tuned control of explosiveness. That control includes making the most of muscle elasticity in the transition from the backswing to the downswing and developing a smooth transfer of momentum from one muscle group to the next. Neither are easy tasks to master, and that’s why it is unlikely power athletes new to golf will ever master the myriad subtleties of the swing thoroughly enough to consistently hit the ball a long way. However, if the rules of golf were to change so that it was required that golf clubs weigh several pounds instead of only a few ounces, then these power athletes could quickly learn to outdrive the longest-driving pros.
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Whips, Chains, and Momentum Gains


Merely examining the power of a golfer’s swing is an interesting exercise, but not particularly useful in explaining the ultimate goal: maximizing momentum. In executing a powerful and technically sound swing it’s crucial to maximize both the development of momentum during the swing as well as during the transfer of momentum from the body to the club and on to the ball at contact.


The dynamics that take place during a collision can be explained in terms of either energy or momentum. Momentum, which is defined as mass × velocity, determines an object’s ability to keep moving with constant speed and direction, and is more useful in describing collisions because the combined momentum of the club and ball always must be conserved—momentum before the impact must equal the momentum afterward. This is not the case with kinetic energy (energy of motion) since some of the total kinetic energies of the collision may disappear into heat and sound.


Optimal momentum transfer comes from coordinating the combination of linear and angular momentum. Linear momentum is generated by the acceleration of the body rocking forward toward the ball; angular momentum (rotation about a fixed axis) from the accelerating forces created by the rotational motion of the club and body. Although considerable momentum is developed, much of it is never imparted to the ball, and according to the conservation of momentum principle, all momentum developed has to go somewhere. Since the club does not stop the moment that the ball leaves the clubface, only a small fraction is transferred to the ball as the clubhead decelerates from roughly 100 mph to 90 mph, with the remaining momentum dampened within the body during the follow-through, as the club moves from the six o’clock position to directly overhead. There is not much that can be done to improve the actual momentum transfer at ball contact, yet there are a number of ways to minimize the momentum dampened by the uncoordinated actions of muscles during the downswing.


The timing of linear and angular motion to hit a golf ball is similar to the actions of a karate expert breaking boards or a boxer knocking out an opponent. A boxer tries to coordinate his angular momentum, turning with his linear momentum as he rocks toward his target. He wants to punch through the target, to concentrate on a fictitious point within the target, so that his punches terminate several inches inside the mark and not on its surface. To maximize the momentum transfer, a boxer applies the greatest force possible for as long as possible, as lengthening the period of contact makes his momentum more effective. In terms of the momentum equation, when a boxer punches through the body of his opponent, the mass of the blow becomes more important relative to its velocity. That’s why a fighter who only flicks his jab and fails to get his mass behind the blow is never as effective.


The primary reason golfers do not effectively hit through the ball is the vastly different collision dynamics: In boxing, the principle is well demonstrated by a large area and mass (boxing glove with body mass behind it) hitting a much bigger area and mass (the opponent); while the comparatively small area and mass of the clubhead hitting a very small area and mass (the ball) does not make obvious the efficiency of this technique. The size and mass differences between the colliding objects account for why it is much easier to teach a fighter to develop the feel to punch through a target. For golfers trying to develop a similar feel for hitting through the ball, the difficulties are many. Primarily, unlike the boxer who feels his fist impact the target, the club is a “near feelingless” inanimate extension of the golfer. Secondly, the ball is a small and light target not at all resembling the boxer’s large, heavy opponent; and whereas the boxer’s blow goes from perhaps 60 mph to a stop, the clubhead slows only marginally, from approximately 100 mph to 90 mph. Finally, the collision lasts only 0.0005 of a second, which does not allow nearly as much time to feel the transfer of momentum. Because a boxer sees and feels the results of a good momentum transfer, it’s easy for him to develop the motor memory and visualization skills to repeat that action. A golfer, on the other hand, is as likely to attribute a good drive to any number of things, such as a new wrist action, an exaggerated weight shift, or a change of ball position at address.


Physicists consider the golf swing a double pendulum, or two-lever action (see Figure 2.1). One lever, formed by the shoulders, arms, and wrists, rotates around an axis in the upper chest; the second lever is the club rotating around an axis formed by the hands. Coordinating and timing the actions of the two levers—the separate actions of the club, arms, and body—is what makes the swing’s momentum transfer so devilishly difficult to learn. One-third of the way through the downswing, much of the body is accelerating, but by contact, that’s no longer the case. Most of the body has slowed significantly because its momentum has been transferred to the arms and club; the arms are moving at a high speed, but the lower body—the link in the chain that’s farthest from the action—has essentially come to rest. It’s as if the body has hit a wall that does not allow it to rock forward any farther with linear momentum (because the weight is already out over the left foot) or twist with angular momentum (because the hips are already opened up). Instructional golf books and videos best describe this as “making sure that you get the body out ahead of the ball,” which allows the ball to be on the clubface through more of the radius of the swing. Without getting ahead of the ball, it’s still possible to make clean, square contact, but the momentum developed by the body will be diminished as it’s transferred to the club and on to the ball.
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Figure 2.1:
The golf swing employs a double pendulum action: The shoulders and arms rotate about an axis in the upper chest, and the club rotates about an axis at the hands. Timing the seesaw action (or force couple) at the hands during both the backswing and downswing—the wrist cock and uncock—is critical in attaining a high-velocity swing.





In some ways, the two-lever golf swing most closely resembles the action of the nunchaku sticks, a weapon used in karate fashioned from two pieces of hardwood, each 10 to 12 inches long and held together by rope, leather, or a chain. To understand how connected rods transfer more momentum, a comparison can be made between nunchaku sticks and the typical billy club used by police. In combination, the nunchaku sticks are approximately the same length as the policeman’s club, yet nunchaku develop far greater momentum (or impulse) transfer, which is why they are outlawed in many states.


Similarly, consider also the multirod bullwhip, in essence a collection of hundreds of very short rods, which makes it the ultimate momentum transferer. As each segment of the whip comes to a halt, it transfers all of its momentum to the following segment of the whip so that the snapping sound heard is the final segment breaking the sound barrier. Known as “cavitation,” that cracking sound indicates the fast-moving tip is sending out a sound shock wave, no different than when a supersonic jet breaks the sound barrier.


Although a bullwhiplike momentum transfer is great in the abstract (if your body and club action were more like a bullwhip, you could count on adding at least 100 yards to your driving average), it’s not easy to convert theoretical physics into physiological practice. Muscles and joints are flexible and capable of the coveted whiplike action, but bones are rigid levers, not multisegmented, and thus are far less cooperative. The best that can be hoped for is a chain action that harnesses the momentum of the multiple and various length levers. Optimally, one link or muscle group in this chain transfers its momentum to the next link, which then transfers it to the following link, and so on. When golf instructional books advocate the practice of “hitting into a firm left side” (assuming a right-handed golfer), they are describing this coveted process of momentum transfer. The firm left side is the end of the line, where each segment of the body slows or stops outright and takes the momentum it is given, adds to it, and transmits it along.


While the typical way to use a bullwhip is with an overhand motion, you can get a feel for the transfer of momentum by snapping a bullwhip or towel laterally with the left hand, which provides, in part, a sense of hitting into a firm left side. With the tip of the bullwhip or towel lying on the ground in a straight line behind you, move your arm forward to put the bullwhip in motion in a straight line. As the whip is pulled, the straight-line motion starts from the handle and proceeds toward the tip as the hand creates a force on the bullwhip, increasing its momentum. At a forward position, the hand stops while the rest of the bullwhip continues to extend along on its straight-line course. When the hand stops, the whip exerts a force on the hand that in turn decreases the whip’s momentum, which is absorbed by the user. In a sequential fashion, additional segments of the whip come to rest. The crack of the whip occurs when all but the tip comes to rest, reaching the speed of sound as it snaps to a stop. At the start of the whip stroke, the total mass of the whip moves at a moderate velocity. But by the end of the stroke, a much smaller mass (just the tip) has absorbed the remaining momentum so that it moves at a much higher velocity. In other words, all the momentum generated by the body, arm, and hand imparted to the whip moves quickly to the very tip as each successive segment of the body and whip come to rest. The total momentum remains the same, but almost all of it has made its way toward the very tip.


A golfer’s downswing works the same way. In the early part of the downswing, before reaching horizontal, the large muscles in the shoulder and back act in unison to begin releasing the coiled tension developed in the backswing. The positions of the shoulder, arms, hands, and club relative to one another remain unchanged early in the downswing as the hips drive forward, but once the swing begins moving horizontally, the relative positions change. Just like when working the bullwhip, some muscles are starting while others are stopping. And just like with the bullwhip, the action of the left arm is critical: How the left arm pulls the club along is just as important as the rotational acceleration (angular momentum) achieved relative to the shoulder joint. High-handicap golfers are prone to try to do too much with their right side, but in essence, the right side is overtaking or fighting against the left side, restricting the ability of the left side of the body to fluidly transfer momentum. The left arm should be “pulling” the body and golf club toward the ball; then as the left shoulder stops, the hip and legs more effectively “push” the body and club toward the ball. It is the combination of these two unnatural actions, a force-couple completed prior to contact that maximize the angular momentum in the downswing.


Teaching instructors rarely talk about momentum, instead they’re always preaching swing velocity, which should be expected, since of the two variables in the momentum equation (mass × velocity), velocity is more important in determining the distance the golf ball travels. The significance of mass is diminished because the time of contact is too short to make it worthwhile to use a weighted clubhead; in fact, it’s detrimental because the potential boost in distance from clubhead weight almost surely would be more than offset by much slower clubhead velocity. That’s the case because the distance a golf ball travels is approximately proportional to the square of the initial velocity; in other words, when the initial velocity is doubled, the distance traveled increases approximately fourfold.


So, clubhead velocity at impact is key, and momentum transfer within the body is the means to that end: A well-timed transfer of momentum, from the ground up, achieves the highest possible clubhead velocity at impact.


[image: image]


Heard It From the Pros


TIGER WOODS accurately explains the bodily momentum transfer this way: “explosive power starts from the ground up … flat-out, lower-body-initiated power … my legs and hips drive forward and my upper body simply unwinds” (Golf Digest, January 1999, p. 53). Although Woods deems this “explosive power,” he really is describing the momentum transfer process. The lower body starts the whip action, the legs and hips driving forward deliver linear momentum, and the upper body unwinding delivers the angular momentum.


[image: image]


What About Acceleration?


It’s a well-known fact that in order to drive the ball as far as possible, you have to hit the ball with as much velocity as possible. But, how important is constant acceleration (the rate of change in velocity)? At contact, is a still-accelerating 95 mph clubhead velocity superior to a constant or decelerating 95 mph? The answer here is unclear. One school of thought believes that an accelerating clubhead results in more contact through the contact zone, greater ball deformation (increased elasticity as the ball compresses and reassumes its shape), and less deceleration during contact so that more of the clubhead’s momentum is transferred. The 95 mph accelerating club will only slow to perhaps 90 mph, while the 95 mph nonaccelerating contact will slow more, as much as 10 mph or more.


The benefit of constant acceleration is more vivid if you consider the dynamics of the baseball collision. Mark McGwire, who in 1998 set the Major League record for home runs in a season with 70, does not have the fastest bat speed in Major League Baseball, yet it is highly likely his bat has the greatest velocity immediately after the ball is hit. At contact, McGwire’s bat may be a bit slower than the quicker-handed Barry Bonds, who set a new single-season total of seventy-three home runs in 2001, but McGwire’s constant acceleration and greater muscle mass result in less deceleration through the contact zone. Their results were similar, but the means to the end differed. Many sportscasters attest to McGwire’s unique collision, a more resounding cracking sound, which results in more momentum being transferred to the ball. The crack of the bat comes from the combination of high-frequency bat vibrations and the outrushing of air from the ball as it deforms around the barrel, and in McGwire’s case, both phenomena are attributable to greater momentum transfer and less deceleration through the contact zone than with the average hitter.


The other school of thought argues that the virtues of acceleration are being oversold. Since the collision time for a golf shot (0.0005 second) is so small a fraction of the total downswing time (lasting 0.15 to 0.20 second), the acceleration of the club on contact cannot change ball velocity very much. Moreover, acceleration indeed may be a significant determinate of how far a baseball travels, but the baseball analogy cannot be extended to golf since the collision dynamics are far different. Besides being larger, softer, and heavier than a golf ball, a baseball is struck by a bat traveling at 90 mph, while it’s moving in the opposite direction at a similar speed, which results in a prolonged collision time.
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