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INTRODUCTION


With roots dating back to the mid-fifteenth century, golf has both the blessing and curse of being a sport with much history and evolution. And while the modern playing of the sport is arguably only two hundred years old, the fundamental goal of the game has remained the same as it is written in its official rules today of the United States Golf Association (USGA).




Golf is played by striking your ball with a club, and each hole starts from the teeing area and ends when your ball is holed on the putting green.


You should normally play the course as you find it and play your ball as it lies.





Simple enough, right? Golf ’s greatest gift—the ability for any player, of any age, or any skill, to be able to compete alongside each other—can often be the sport’s greatest source of consternation. How one gets the ball from teeing area to hole is as varied today as it was during its primitive origins on the Scottish coastline half a millennium ago.


The key to success at golf (in whatever measurement of success one aspires to reach) rests in understanding how a variety of forces are at play to make that ball (with a minimum diameter of 1.68 inches) move in the most efficient way via clubs (of varying restriction and construction) around a property of endless obstacles and altering conditions.


To some, this exercise is an art form. Many of the world’s golfers arrive at mastering their craft by “feel.” They are capable of maximizing their own abilities and the movement of their golf ball through repetition, experimentation, and muscle memory. Feel players have an organic connection with the game and seek to conquer it not through academic discovery, but rather with a more purist belief of unity with the sport and a link through time to golfers of generations past.


Many others—especially with the technological and analytical revolution in the sport during the twenty-first century—attack the game with as much information as possible. The modern golfer leaves no stone unturned in pursuit of the most efficient path to that hole (of 4.25 inches in diameter).


This book is not about which process is correct; it is simply about the process.


I have been around golf almost all of my life. I owe much of my success—tangibly and immaterially—to the lessons learned from working in the golf business and playing golf both competitively and recreationally. Simple osmosis gave me enough understanding of the game, but the reality is that I was an ignorant amateur when it came to breaking it all down. Amateur, I should add, comes from the Latin word amator, which means lover. I love golf. I just didn’t understand it the way I thought I did.


It wasn’t until 2017, four years after I had started broadcasting golf on the PGA Tour full time, that my curiosity in the sport increased to where I wanted to peel back the many layers of the sport and understand it more.


In my pursuit of understanding how the best golfers in the world reach their goals, break records, and redefine the sport, I stumbled across a seemingly endless amount of ways in which those elite golfers, teachers, and analysts study the game to squeeze every drop of potential out of it and themselves.


This book aims to explore all of those areas, offering a glimpse not just in the “what” of golf, but the “how” as well.


I would be remiss if I didn’t acknowledge that there are far more detailed and elaborate scientific studies of many of the principles and subjects discussed in this book. I had once, naively, thought this book would break down the formulas and function of several of the most fascinating studies, but quickly realized that my general knowledge puts me closer to the forward tees than the tips. Many are still referenced, and a few are even authored by the subjects who graciously gave up some of their time to be interviewed for this book.


Rather than chase those topics down a rabbit hole of intense evaluation—and understanding beyond my own humble comprehension—this book aims to give the reader a broad understanding of all of the scientific factors in play in the sport, and view them through the lens of some of the world’s best players and minds. Like golf itself, this exercise could be endless, but we want to keep up the pace of play.


Because what makes golf beautiful is also what makes it so different from reader to reader. Hopefully, you can get a better sense of the “what” and the “how,” and it leads to a better “why” for your game, and your scores!
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CONTACT


Zero-point-five milliseconds. Written in more understandable terms: 0.0005 seconds. The golf ball interacts with the face of a golf club for approximately 0.0005 seconds. That is eight hundred times faster than the time it takes an average human to blink, and just sixteen times slower than the time it takes lightning to strike.


This incredibly short moment in time also happens to be the most important moment of the sport. For what happens in this 0.0005 seconds begins a domino effect of cause-and-effect reactions. It determines where the ball goes, where it lands, how it lands, and, most importantly, what the next shot will be. Ultimately, over the course of many 0.0005-second impacts, a golfer arrives at a score, represented by the total number of those impacts.


For example, in a four-hour round where a player shoots 80, the most important actions impacting that score of 80 take place for a combined time of less than half of a tenth of a second. Blink, and you miss the entire round of golf.


While golf has had numerous historical advances in its understanding and execution, none may have had more impact on how experts study (and teach) the sport than the introduction of the launch monitor in the twenty-first century. Prior to the technology’s arrival in the sport, understanding contact of the golf club with the golf ball was empirically gathered by studying the result of that contact, not necessarily the cause. What did the ball do after contact? Not, what did the club do to the ball?


Radar and launch monitors moved the microscope away from the effect and showed us everything that was happening at the moment of causation . . . contact.


Popularized largely by brands like TrackMan, FlightScope, Foresight, and others, harnessing existing technology to study the interaction of the golf club with the golf ball, plus the subsequent flight of the ball after impact, has turned that causation discussion of the game in an opposite direction.


Prior to this century, golf was a study of how a golfer’s movement led to the result of a shot. Stance, grip, takeaway, backswing, top position, downswing, and follow-through were just a few of the many elements that were perfectly choreographed in order to make ideal contact with the golf ball. How you swung the club determined what the ball did.


Today, while that statement is true, the growth of understanding of launch conditions and what the ball does has shown that there are many ways the swing can be choreographed to achieve similar or identical contact conditions.


“Science has played a larger role in golf instruction in recent years, and it is going further and further,” says Mark Immelman, golf instructor and analyst for CBS Sports. “When I began instruction, the science of it was whatever video camera you are using, and you got as much video as you could. You’d put stuff side by side and you just compared positions. Then there was the advent of the launch monitor.”


Launch monitor technology was already used in the non-sports world, but taking that tech and applying it to sports with a projectile component made too much sense. If the technology already existed to track a missile traveling at rapid speeds in the air, why not a golf ball? That was the case for Henri Johnson, who founded FlightScope in the late 1980s for military purposes and eventually leveraged that technology to advance scientific discovery in the sports world.


“It keeps you focused on the outcome,” says Luke Kerr-Dineen, who covers golf technology, the swing and improvement. “If there is a negative to geeking out too much into a video camera, it’s that you start looking at your own golf swing and not what the ball is doing. Whereas with TrackMan, it’s all about what the ball is doing. It’s all about making sure you are understanding how that ball is moving and why, and I think that those are the first principles that constantly need to be highlighted and focused on by golfers.”


The result from developments in the launch monitor sector is a variety of radar-powered technologies that can track a seemingly endless amount of data points.


At contact, that includes data points like:


• Club head speed—The speed of the club at the moment right before impact (and in some cases, the speed immediately after impact to help calculate energy transfer and loss).


• Ball speed—The speed of the ball as it leaves contact with the club.


• Smash factor—A simple calculation of dividing ball speed by club speed. This ratio is then used, depending on the club used, to determine the quality of strike by means of the efficiency with which energy was transferred from the club to the ball. This has become a very important measurement in how golf equipment is regulated, as the USGA has capped the smash factor ratio for approved driver technology at 1.5 in club testing.


• Ball spin rate—The backspin put on the ball at impact, measured in revolutions per minute (rpm). This measurement can vary depending on type of desired shot and outcome, but typically is desired to be low for drivers and increasing for more lofted clubs through the bag. (Golf ball technology has had a major role in this, to be discussed in chapter 6).


• Sidespin rate—How much spin, in rpm, is generated on the ball in a horizontal direction, versus the vertical direction of the backspin. This spin determines how far the ball will move either right or left of the intended target line. It is a measurement for how much slice (left-to-right movement for a right-handed golfer) or draw (right-to-left movement) there will be on the shot.


• Spin axis—Like smash factor, this is a combination of two data points, backspin and sidespin, creating a positive or negative reading depending on whether the ball is spinning to the left or to the right. The smaller the number (the closer it is to 0), the straighter that golf ball is traveling. To understand that visual, take this example from TrackMan: “The spin axis can be associated to the wings of an airplane. If the wings of an airplane are parallel to the ground, this would represent a zero-spin axis and the plane would fly straight. If the wings were banked/tilted to the left (right wing higher than left wing), this would represent a negative spin axis and the plane would bank/curve to the left. And the opposite holds true if the wings are banked/tilted to the right.


In general, a spin axis between -2 and 2 can be considered a straight shot. Under normal conditions, it would be difficult to see curvature on a shot with a spin axis between -2 and 2. The higher the number of the spin axis, the more curvature should be visible.”


• Attack angle—This angle is in relation to the ground and measured as the club is arriving at impact with the ball. As will be discussed further, that angle has grown to be, generally, upward for swings with a driver, creating a positive attack angle. Negative attack angles measure a downward strike, generally making contact with the ground, the typical result with irons and wedges.


• Launch angle—Simply put, the angle of the ball’s takeoff from contact with the club in relation to the ground. Not as complicated as some other measurements, but arguably one of the most important data points for golfers of all skill levels as this measurement, coupled with spin rate, is most important for maximizing the efficiency of swing, equipment, and contact.


• Face angle—The most important measurement when it comes to understanding the starting direction of the golf ball. This number is positive when the face of the club is pointing to the right of the target (described as “open” for right-handed golfers), and negative when the clubface is pointing to the left (“closed”). A face angle of zero would be the easiest path to a straight shot, but straight shots aren’t always demanded or desired, so manipulation of the face angle is also one of the most important measurements to creating various shot types and paths.


• Face loft—This measures the actual loft of the club at impact. Each club has a static loft, a loft of the face of the club that is measured in relation to the ground when the club is at rest. Launch monitor technology can measure the actual loft of the club at impact, which can change from its static loft due to a number of factors, such as attack angle or the shaft in the club. This data point has been developed into an even more detailed measurement called “dynamic loft,” which adds in angle of attack and even where the ball strikes the clubface to determine the loft angle of the ball. Not to be confused with launch angle, understanding how dynamic loft leads to launch angle and shot result is a major part of the process.


• Club path—This measures the direction the club is moving at impact in relation to the target line. A positive value represents a path wherein the club is moving that is to the right of the target at impact (commonly referred to as an in-to-out movement for a right-handed golfer). A negative value would be a path moving to the left of target (out-to-in).


• Face to path—A measure of how much the club’s angle is on the same angle as its path at impact. This relationship between two angles is critical to the understanding of ball flight.


From there, ballistic radar (or calculations, depending on the sophistication of the product) can give another set of data points to measure what the ball is doing after contact. Some of those data points include apex height of the ball’s trajectory, shot flight shape, carry distance, roll-out distance, and many more. While those are influenced by conditions, most notably wind, it still comes back to that instantaneous moment of contact. Optimize that split second, and golf gets easier.


“We’ve got so much data now at our fingertips that it’s really not guessing,” said Alex Trujillo, who works with elite golfers on the PGA Tour for FlightScope. The addition of this technology provides instant feedback and understanding for every golf swing about what the golf ball is doing. It has accelerated the learning process and helps make the best in the world even better.


“I like to call [the radar] the MRI. It lets us figure out in detail what is happening in these circumstances,” Trujillo adds. “To tell you the truth, even a guy like Bryson [DeChambeau] or Bubba [Watson] . . . they’re not always, day in and day out, working on face and path. They have their swing. They’ve grooved it. If there’s a minor tweak that they needed, they’re going to look at that on radar, but they’re really just looking at what the conditions are today. What are the temperatures? How far am I hitting this golf ball? What’s my spin rate? And what’s my launch angle? They’re all looking at that window everybody talks about. If you’ve watched them long enough, and you stand behind them, when they hit a ball, when they look up, they know, okay, that ball’s in that window.”


At the highest levels of professional golf, that is the scene on every driving range. A world-class player, a team of professionals that understand both the golf swing and, now, the data, and a high-tech piece of technology sitting on the turf next to their golf balls, getting ready to measure every detail of each 0.0005-second strike.


The result of that technological revolution of the twenty-first century has had trickle-down effects across the sport. Not only are the best players in the world better because contact (and club technology) has been optimized more than ever before, it has also simplified the realities of physics as it relates to the golf swing and how it is taught to all skill levels.


“Even if you’re old school and you’re shouting at the new-school kids that have got nothing but launch monitors, you would be a fool not to use this stuff now,” Immelman said. “Because it eliminates conjecture.”


Lee Trevino is considered to be one of the purest strikers of the golf ball in the history of the game. That’s an opinion shared by many, including the greatest iron player—anecdotally and (modern) statistically speaking—of all time.


“He finds the middle of the [club] face each and every time,” Tiger Woods said of Trevino during a press conference in advance of the 2021 PNC Championship. “No one has controlled that golf ball as well as he has.”


Big praise for one of the best self-taught golfers of all time. Trevino famously grew up in a blue-collar household and learned the game of golf sneaking away from his work at a nearby country club to bash balls over and over again from hardpan dirt.


Those conditions left little room for error and provided Trevino with immediate feedback on how the golf ball interacted with the face of his clubs. He didn’t have fancy equipment, expensive instruction, or even normal access to golf facilities, let alone the modern technology of a launch monitor. He simply had his repetition and a natural-born sense of feel that built a lifetime of understanding how to create perfect contact with the golf ball.


In giving a lesson throughout an interview with Kerr-Dineen for Golf.com from the practice tee of the Berenberg Invitational in October 2021, Trevino broke down his visualization and execution of shaping a golf shot.




My thought when I hit a golf ball is I am always trying to hit it at 7 o’clock. This golf ball is a clock. You’ve got 6 o’clock (points to the middle of the back of the golf ball, the Y axis point), 5 o’clock (points a few degrees to the right) and 7 o’clock (points a few degrees to the left). I am trying to hit the ball on the inside because your hands are going to be past the ball when you hit it. If you’re going to cut the ball, you hold [onto your hands]. If you are going to draw the ball, you rotate them. But you are hitting it at 7 o’clock.





What Trevino just described is his process as a player to make sure he is repeatedly swinging the club on a certain path. He guaranteed his striking point at his 7 o’clock position on the ball almost every time, programming the muscles in his body to repeat the same club path through (likely) millions of swings in his lifetime. It was something he could control to assure a solid strike.


But it was the subsequent manipulation of his clubface angle that would make the ball do what he wanted. Most of his lesson was about where to hit the ball, but the magic that was somewhat hidden was in those two lines about whether he held on or rotated his hands.


What does science tell us now about this process? It tells us that Trevino is right, if you were paying attention to those hands.


“The launch monitors have proven that a draw [right-to-left ball flight for a right-handed golfer] happens because the alignment of the face is pointing to the left of the path of the swing,” Immelman says. “And the path is how the club is approaching into impact. So, if the face is left of the path, the ball’s going to turn to the left. It’s just the rule of it now. And if the face is to the right of the path, the ball’s going to turn to the right . . . You can make a swing that looks like it is going to draw, but it fades because of how the face is in relationship to the path that it’s swinging on.”


Having real data from launch monitors changed the old laws of how swing manipulation was thought to influence the direction and shot shape of the ball. There are several detailed, tested, and in-depth pieces that breakdown this study. One of them, from a review paper of Jeff Mann, highlights how a majority of the ball’s initial flight direction is determined by the clubface orientation. This differed from predictions prior to the introduction of radar data that the path of the swing was the key indicator to how a ball would take off and travel in the air. In the end, Mann’s conclusion:




The fundamental principle of the “new” ball flight laws is that the ball starts off approximately 85-percent in the direction of the clubface orientation if there is a divergent angle between the clubface orientation and the club head path, and the ball will curve away from the club head path. If the clubface is closed to the club head path, then the ball will curve to the left (draw); and if the clubface is open to the club head path, then the ball will curve to the right (slice).





But what about the contact itself? Launch monitors proved how the directional path of the club and the angle of the face impacted the linear path of the ball, but what about the three-dimensional space (launch angle) and spin?


The collection of millions of data points from golfers of all skill levels has helped to form a more concrete understanding of ideal launch conditions. While this is heavily influenced by a golfer’s skill and speed, plus equipment (which is explored in later chapters), there is a literal and figurative sweet spot from which ideal contact can be judged and determined.
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The lessons learned from launch monitors provided absolute data on how the clubface and swing path relationship influence the flight of the golf ball, as illustrated in this chart showing those shapes in relation to the target. Original image by Dave Tutelman Via www.tutelman.com


“I don’t think the average player really tries to dive into how efficient their strikes are,” Trujillo adds. “Let’s forget about the information for a moment. If we go on the range and we start hitting 7 irons, can I, ten balls in a row, hit the same spot every time on the face? I think that if people start to focus on that while they go out to practice, they’re going to start becoming better players.”


The first goal of hitting that sweet spot is to get as much energy transferred from the club to the ball. Newton’s First Law of Motion is quite simple. An object will not move unless a force acts on it. A golfer’s mission is to enact as much force on the golf ball to make it move. The body (explored heavily in chapter 2) creates kinetic energy generated in the swing of the club, but as the USGA points out in its breakdown of forces “not all of the club’s kinetic energy transfers to the ball. Some of it stays in the club, which keeps moving forward, now more slowly. Some transforms into thermal energy (heat and friction) or sound energy (the little thwack you hear). Some gets briefly stored in the ball as elastic potential energy.”


Getting as much energy from club to ball is, essentially, the most important aspect of contact.


The second goal of contact with the sweet spot is to produce the optimal amount of spin to maximize the chances of creating a desired flight of the golf ball.


“At its essence, golf is a game of spin,” Immelman says.


Some players want the ball to launch lower with more spin, while others would prefer a higher, “softer,” shot with less spin. This can be personal preference or, in most cases, dependent on what the shot demands.


“The part about spin specifically really came into focus when I got on the PGA Tour,” says Roberto Castro, who played for nearly a decade on the PGA Tour and graduated with an engineering degree from Georgia Tech. “It took me a long time to improve at [managing spin]. It comes out of contact conditions, how you’re striking the ball. A launch monitor can help, but sometimes you don’t need a launch monitor to stand on a driving range in the wind and watch what your ball does. You can tell when you get steep (attack angle) and you hit down on it harder, it spins more at the ball. There’s more variation in where it goes.”


Like direction can be manipulated with the angle of the clubface at impact, the attack angle creates the same manipulation when it comes to spin. This manipulation is also greatly enhanced by its relationship with the ball and equipment, a discussion for later when it comes to the technological understanding and evolution of equipment.


“In the final analysis, it’s about applying the clubface to a ball in the desired manner in order to get the ball to spin in a desired fashion,” Immelman concludes. “But it’s not just backspin. That’s sidespin as well. What [the best players] are trying to do is to put the club, or move the club, through the ball in such a fashion to spin the ball in a desired manner. That’s really what it is.”


Measuring contact with the sweet spot used to be done exclusively with impact tape, which would register the contact point on a golf club with a shot and see where that impact was taking place. If that carbon impression was in the middle of the club, it was thought that contact was optimized and the club was set up properly. While mostly true, it was not a thorough or valid process in terms of measuring energy transfer.


That’s where smash factor, that ratio of club speed to ball speed, has become universally accepted as the true measure of good contact.


“Smash factor and ball speed, I kind of interchange them,” says Nick Sherburne, the founder of Club Champion, one of the largest club-fitting companies in the world, which uses TrackMan to measure the swings of those who come to get fit for the most optimized equipment. “I want that maximum ball speed, but smash factor helps me know if I’m there. When I am fitting that 6 iron, I want to see that thing at 1.38 [smash factor] or above. And then when I’m fitting a driver, I really want to see it at 1.48 or above. And when I have those smash factors, I know I have this person in the money zone.”


The money zone is (nearly) perfect contact within the parameters of current equipment regulations. And the beauty of that measurement is that an 80-year-old golfer who swings the club at 70 mph can have an identical (or better) smash factor than a 25-year-old professional golfer swinging the club at 120 mph. It all comes back to contact.


What has happened through the collection of millions of data points is that a general understanding of what is optimal for golfers of all skill levels has been developed. In 2021, the average PGA Tour smash factor with a driver was 1.49 with an average club speed of 114.4 mph. In a 2019 TrackMan study looking at the average male amateur (a handicap of 14 or 15), the average smash factor was 1.42 with an average club speed of 93.4 mph. It shouldn’t be a surprise that contact by the professionals is more optimal than amateurs.


Missing the sweet spot happens more often than not and it isn’t just a lack of optimized energy transfer when that occurs.


“If the club is impacting the ball directly on the sweet spot, then all of those forces are going in the direction of the swing and the direction of the loft,” says Chris Voshall, a golf club engineer for equipment company Mizuno. “If that ball is impacted on the toe side of the sweet spot, then you’re applying a torque in the toe direction, so that force is going to cause a gear effect, which is going to cause the ball to launch more to the right (for a right-handed player) and have a bit of left spin on it because of that gear effect.


“That gear effect happens in every direction, so if you hit the ball lower, below the sweet spot, that club is going to torque in the downward direction, like de-lofting, and that is going to impart a lower launch angle and added spin to the ball. The converse of that high impact is high launch, low spin [a flier lie, for those familiar with the term]. Heel impact is going to be less launch, more spin to the right.”


Five hundred microseconds at the perfect collision between two center of mass points on a club and a golf ball and, voilá, you have mastered the game. Or, sadly in most cases, you have not.


Back to Trevino and Woods, who were practicing on the range next to each other at that same PNC Championship in December 2021. A two-minute interaction between the superstars was captured by the PGA Tour’s media team, where Trevino and Woods got into a conversation about hitting 50-yard wedge shots where the primary objective is to eliminate trouble to the right.


Trevino walks Woods through his process, involving having his hands pressed forward before he takes the club back. The intended result here, with his 7 o’clock contact point (club path), is that it makes it nearly impossible for his clubface to be open enough at impact to create a shot that will start the ball too far right of the target line and/or spin the ball with a spin axis that would slice to the right.
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