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Abstract 

Golf club makers have for almost a century matched golf clubs according to various versions of 

the Swingweight method.  Swingweight is an arbitrary method without any basis in science.  

This paper discusses the history of attempts to match golf clubs in a set of clubs.  It seems that 

the golf industry has given up finding a scientifically sound solution.  There is, however, a recent 

scientific breakthrough, named BioMatch.  The BioMatch method matches golf clubs within a 

set and to a golfer of a particular build.  Scientific studies, biomechanics and Newton´s Laws of 

Motion form the basis of the BioMatch method.  This paper proves that a set of golf clubs cannot 

be matched for optimum performance, with regard to mass and moment of inertia, without 

considering the physical properties of each particular golfer.  This paper explains the relationship 

between these variables.  By scientifically determining the optimal mass and moment of inertia 

of each club in the set, the upper body, hands, and clubhead will be synchronized so that they all 

line up at impact position.  It is proven that a golf club will behave in the same manner as long as 

the relationship moment of inertia around the center of the grip / mass of club is kept constant.  

These findings, when applied to any golfer, will improve accuracy and distance. 

Keywords: Swingweight, lorythmic scale, Robert Adams, Kenneth Smith, prorythmic 

scale, BioMatch, golf clubs, golf equipment, matching of golf clubs, moment of inertia, Rational 

Golf LLC. 
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Scientific Matching of Golf Clubs 

Matching of golf clubs has been considered the holy grail of golf for more than a century.  

A properly matched set of clubs will provide superior consistency with regard to ball flight, 

direction and distance.  A number of non-scientific methods have been explored.  Most notably is 

the Swingweight method that has been around in various forms for almost a century.  The vast 

majority of golfers today, still rely on the Swingweight method.  The golf industry seems to have 

given up on the search for a scientific method of matching golf clubs.   This paper takes a fresh 

scientific look at the problematic issue of matching golf clubs and contemplates whether it is 

even possible to match a set of golf clubs without considering the biomechanical properties of 

the golfer in question.  This new approach, which creates a dynamic anthropometric model of the 

golfer in question paired with the relevant set of golf clubs, provides a solution that will serve all 

golfers by making the game easier to play and thereby more enjoyable.  This may aid in the 

recruitment to the game of golf.  The resulting method, named BioMatch, is patented as United 

States Patent no. 9,022,878, issued on May 5, 2015. 

Golf and Science 

Very little scientific research has gone into the development of golf equipment.  

Advancement in golf is typically made by coincidence and trial and error; only some years later 

will someone rationalize the physics that explains the phenomenon (Zumerchik, 2010).  An 

example is the offset driver.  The golf industry explains that by positioning the hosel of the driver 

slightly forward, relative to the club head face, the golfer will have more time to close the driver 

head in the downswing and thereby avoid a slice.  In reality the degree of closing of the driver in 

the impact zone over a distance of 5 mm, which is the typical amount of offset, is ignorable and 

of no consequence.  The reason that an offset driver is more closed at impact, compared to a non-
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offset driver, is that the distance between the center of the shaft and the center of gravity of the 

clubhead is increased.  Thereby increasing the moment that bends the shaft forward during the 

downswing, causing the clubhead to impact the ball in a more lofted and closed position.  Such 

simple and straightforward reflections based on physics are not appreciated by the golf industry 

in general.  It is sometimes heard during technical discussions regarding golf; we are in the 

entertainment business, not scientific research. 

Most advances in golf equipment over the last century are based on new developments in 

materials.  The introduction of new materials to the golf industry is typically done by trial and 

error by enthusiasts rather than scientists.  New materials are normally introduced as a 

consequence of developments in materials in industry in general rather than being developed by 

the golfing industry.  For example, the use of carbon fiber and titanium was introduced in golfing 

equipment long after they had been established as alternative materials in other industries. 

In the early twentieth century golfers found that their ball would travel further if its 

surface were worn and rough.  Some golfers, therefore, started to roughen the surface of their 

golf balls.  After some time, this led to the introduction of the dimpled ball.  Before that the balls 

had a smooth surface.  Only about 80 years later, the golf industry was able to understand the 

physics involved in the phenomenon and further optimize the dimples (Zumerchik, 2010).  This 

despite the fact that the Bernoulli’s Principle, which explains the lift, was published by Daniel 

Bernoulli in 1738.  The principle is derived directly from Sir Isaac Newton´s second law of 

motion published in 1687. 

It would be difficult to find any other area in life, except maybe religion, where science is 

pretty much ignored.  Amateur and professional golfers alike wear rubber bands on their wrists 

as they have been convinced that it will make them more flexible.  This behavior is rarely seen in 
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any other sport.  Professional golfers routinely argue that it is better to miss the hole on the high 

side, as one can talk to a ball traveling on the high side but not on the low side.  Even though, it 

is already understood that the putt was missed.   

It is this kind of mystique and ignorance discussed above, surrounding the game of golf, 

that keep irrational ideas such as Swingweight alive and in use even at the highest level of the 

game.  Some years ago an article in Golf Digest stated that it appeared to be beyond the powers 

of modern technology to devise a scheme for matching golf clubs satisfactorily (Jorgensen, 

1999).  It seems that the golf industry in general pretty much have given up on science. 

Recent Progress of Golfers in General 

Despite the progress in equipment and training aids, the handicap of golfers has not 

improved over the last 30 years (Moore, 2007).   No explanation of this phenomenon is found.  It 

is believed that most golfers that quit the game do so because it is just too difficult to progress to 

a pleasing level. 

Equipment 

The goal of the golf industry is to make money, not lower handicaps (Moore, 2007).  

Every year manufacturers come out with new equipment.  Some manufacturers market new 

models several times a year.  Each new model promises even more distance and accuracy in 

order to improve the handicap of the golfer.  If there were some truth in these promises, the 

average golfer would hit 500-yard drives by now and finish every round in the 60s.  The fact is 

that very little progress has been made in golf equipment over the past 30 years.  Most 

stakeholders in the industry will, of course, argue the exact opposite. 

Golf equipment is not high tech (Moore, 2007).  Moore argues that the most high-tech 

aspect of golf clubs is the marketing.  Manufacturers do not have to adhere to any industry 
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standards, as there are no standards.  For example, there is no third party monitoring club-to-club 

consistency.  There are no set tolerances to clubhead weight, shaft weight, shaft stiffness, etc. 

There is no common ground for specifying the stiffness of golf shafts.  Neither are there 

any guidelines on, for example, what the loft of an 8-iron should be.  Manufacturers are thereby 

strengthening the loft of its clubs in order to make them go further.  This adjustment of lofts has 

caused the disappearance of the 1-iron and the 2-iron, as nobody would be able to hit them.  This 

caused a gap in loft between the pitching wedge and the sand wedge.  This gap is now filled by 

the introduction of the “gap” wedge (Wishon, 2005).  It now seems that another gap is 

developing between the gap wedge and the pitching wedge.  This is just one example of how the 

industry hypes the consumers to buy new equipment.  Whenever the industry runs out of ideas, it 

introduces equipment in various colors or shapes to attract customers. 

The latest hype is that of adjustability.  Parameters such as loft angle, lie angle, face 

angle, club head mass and center of gravity may be adjusted.  Obviously, for a golfer who is 

properly fitted with regard to all the above parameters, adjustability does nothing but add dead 

weight to the clubhead.  The manufacturer´s claim that loft angle can be adjusted by altering the 

angle at which the shaft is connected to the driver club head does not make much sense.  The 

clubhead rests on the ground at setup, thereby the loft is fixed, only the lie angle and face angle 

will be altered by adjusting the angle of which the shaft is connected to the driver head (Wishon, 

2013).  It would, however, be possible if the club head were not touching the ground at setup.  

The main advantage of adjustability is that club manufacturers do not need to make so many 

different club heads and club fitters need to store fewer club heads.  Adjustability does not 

improve the handicap of the golfer; it improves the profits of the manufacturer.  
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Training Aids 

Developing a new motor skill, such as the golf swing, is challenging for player and 

coach.  There are numerous training aids available to assist in establishing the desired movement 

patterns.   These devices aim to constrict the movement or to encourage new, more desirable 

movements.  There are training aids for enhancing stability, developing a better swing tempo, 

keeping the clubhead on a plane, improving impact and smash factor, etc.  There are many 

claims that these devices will reduce the handicap of the user automatically.  However, this does 

not seem to happen.  Various research that has been published shows that the use of training aids 

in sport may have slight effects on movement development, but not enough to truly have an 

impact on performance (Smith, 2013).   

It remains unclear if the improvement during practice with training aids is carried over to 

actual play.  A player may even become dependent on the external feedback that cannot be 

brought onto the golf course.  Training aids may also take attention away from the other normal 

forms of feedback, such as the sound of impact and movement proprioception (Smith, 2013).   If 

a golfer uses five training aids that each promises to reduce the handicap by five strokes, it may 

then be assumed that the handicap of the golfer should be reduced by 25 after some time of 

practice.  This obviously does not happen.  It is however concluded that training aids are more 

effective in the very early stages of learning the game. 

The Secret of Golf 

The secret of the golf swing is simple: there is no secret.  If there ever was a secret, it was 

uncovered a long time ago by high-speed cameras, breaking the golf swing down into hundreds 

of frames, exposing the tiniest movement.  The likes of Ben Hogan may have had some 

perceived secrets to their successful swing.  Before the introduction of high-speed cameras, one 
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would sometimes hear well-known professional players commenting on their swing.  They may 

claim, for instance, that in the downswing they act as if they were stabbing a stick into the 

ground.  When reviewing videos of these players, one finds that they do not do what they say 

they are doing.  This may have given people the impression that there are secrets in golf.  

Sometime professionals explain what they feel they are doing or believe they are doing.  Or they 

might be outright lying to the media just for the fun of it or in order to mislead the competition.  

Ben Hogan was in particular believed to have fun with people in this manner (Sampson, 1997).  

Another aspect of this is that golfers may think they are doing something, while actually doing 

something completely different.  Golfers are often flabbergasted when they watch themselves on 

video and discover that their swing looks nothing like what they think it does. 

Advertisements for all sorts of teaching aids and instructional videos claim that they will 

reveal the secret of golf, as if the secret of golf was locked up in a safe somewhere, and only they 

had the combination for the lock.  There simply is no secret to golf, just biomechanics, and 

physics.  Biomechanics and physics belong to the world of science; no one keeps discoveries 

secret in the world of science. 

The History of Matching of Golf Clubs 

Why Matching Golf Clubs 

There are a number of things that can go wrong in a golf swing. If the clubface is half a 

degree off, the ball can end up 20 meters off target.  If the ball is hit 5 mm off the sweet spot, it 

will have a detrimental effect on distance and direction.  The actions of, and timing of firing, the 

hundreds of muscles involved must be held in the subconscious memory of the golfer 

(Zumerchik, 2010).  One may think of this set of finely tuned actions as a software subroutine.  

Obtaining the required accuracy with one club, and embedding it in the subconscious mind, is an 
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achievement.  To create and memorize a different subroutine for each of the thirteen clubs in the 

bag is next to impossible.  The golfer must also be able to differentiate the thirteen routines and 

call upon any one of them at random.  With many years of endless practice, one may get close to 

mastering this at a subconscious level. 

Even professional golfers at the highest level can win a tournament one week, and then 

miss the cut the following week.  It is difficult to maintain the thirteen subroutines.  Therefore, 

throughout the history of the game, people have tried to match golf clubs within a set so that they 

all will behave as intended, using one swing.  One subconscious subroutine could then be 

utilized for all thirteen clubs.  It is much easier to maintain one set of tasks rather than thirteen.  

Especially when they are so similar that it is difficult to tell them apart. 

This discussion does not include the putter, the fourteenth club in the bag, as it uses a 

fundamentally different set of movement and does therefore not interfere with the subconscious 

skills of swinging the thirteen clubs. 

Swingweight 

Robert Adams of Waban, Massachusetts, made the first known system for matching golf 

clubs within a set in the early 1920s.  His Swingweight scale is called the Lorythmic Scale.  It 

measures the upward force at the grip end of the club when balanced on a point 14” down the 

shaft.  The Swingweight is measured in an arbitrary system of letters and numbers (Maltby, 

1995).  The letters range from A to G, and the numbers range from 0 to 9.  A0 being the lightest, 

and G9 the heaviest.  Howe Scale Company in Massachusetts produced the scale. Kenneth Smith 

started to use this system for matching the golf clubs he was producing.  Later his company was 

also producing such a scale.  At some stage, Kenneth Smith recognized that there were some 

deficiencies in the Swingweight system.  For all the clubs in the set to have the same feel, he 
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realized that the woods had to be two Swingweight numbers higher than the irons.  This was 

accepted amongst professional golfers at the time.  To correct for this, Kenneth Smith introduced 

the Official Swingweight Scale in the late 1940s.  The balance point of the new scale was set at 

12 inch rather than 14 inch.  The idea was that all the clubs, irons, and woods, should feel the 

same when they had the same Swingweight.  The Official Swingweight Scale measures the 

Swingweight in ounces, indicating the load that has to be applied at the grip end to balance the 

golf club.  The Official Swingweight Scale did however not catch on.  The original Lorythmic 

Scale created by Robert Adams is still used by all the major golf club manufacturers (Maltby, 

1995).   

Later Kenneth Smith created yet another Swingweight Scale, called the Prorythmic Scale.  

This was a hybrid between the Lorythmic Scale and the Official Swingweight Scale.  It 

maintained the 14" balance point from the Lorythmic Scale, and it maintained the measurement 

in ounces from the Official Swingweight Scale.  It also incorporated the traditional letter-number 

combination from the Lorythmic Scale (Maltby, 1995).  Today electronic Lorythmic scales are 

available; these are faster to read and more accurate than the original mechanical scale.  The 

table provided in Appendix A gives the relationship between Swingweight measured in the 

traditional letter-number system and the upward force at the grip end of the club when positioned 

in a Swingweight instrument.  The force is expressed in Newton´s.  The table is based on 

information provided by a maker of electronic Swingweight scales, Technorama Co., Ltd of 

Taiwan. 

A drawing showing the forces acting on a golf club positioned in a Swingweight scale is 

provided in Appendix B.  The three forces acting on the golf club are as follows: 
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1. The force F, acting downwards at the grip-end of the club.  This is the force 

measured by the Swingweight instrument. 

2. The force G is the gravitational force acting on the golf club.  It is simply the 

weight of the golf club acting at its center of gravity.  The location of the center of 

gravity can be determined by balancing the club on a finger or a knife-edge.  The 

center of gravity is located at distance BC from the fulcrum. 

3. The third force is acting upward at the fulcrum.  The fulcrum is located 356 mm 

(14 inches) from the grip end of the club.  This force equals the sum of force G 

and force F, acting in the opposite direction. 

From Newton´s second Law of Motion, it is established that the sum of all moments 

acting upon a body at rest is zero.  By adding the moments acting on the golf club about the 

fulcrum in the Swingweight instrument, denoting clockwise as the positive direction:   

Sum of all moments = 𝑀 =   𝐺 ∙ 𝐴𝐵 −  𝐹  ∙ 356  𝑚𝑚 = 0 

Thereby; 

𝐹 =   
𝐺    ∙ 𝐴𝐵
356  𝑚𝑚   

The Swingweight of any golf club can thereby be calculated when the mass and center of 

gravity is known.  Swingweight is purely a function of mass and center of gravity of the golf 

club.  For example, a golf club is found to have a mass of 349.8 grams and a center of gravity 

located 824 mm from the grip end of the club.  These measurements were carried out on an 

actual golf club using a scale, a knife-edge, and a measuring tape.  From Newton´s second law of 

motion, the vector force G = 0.3498 Kg x 9.81 m/s2 = 3.431 N. The distance AB = 824 mm – 356 

mm = 468 mm = 0.468 m. Hence; 

F = 3.431 N * 0.468 m / 0.356 m = 4.510 N 
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From the table in Appendix I, this corresponds to a Swingweight of D7.8.  Measuring the 

club in a digital Swingweight scale gives the same Swingweight of D7.8.  The club used for this 

example is a TaylorMade 5 hybrid.   

The fact that a letter scale and a measuring tape can replace the Swingweight scale, which 

has been utilized for almost a century, will come as a big surprise to the majority of golf club 

fitters.  This ought to raise some concerns even for the die-hard Swingweight supporters.  

As the center of gravity does not enter any equations describing circular motion, the 

Swingweight of a body cannot be related to how a body acts under circular motion.  Newton’s 

second law of circular motion states: Torque = Moment of Inertia x Angular Acceleration.  There 

is no relationship between Swingweight and how a golf club behaves when acted upon by a 

golfer.  

Ever since the Swingweight principle was developed in the 1920s, it has been the 

accepted method for matching clubs within a set, so they all feel alike when swung.  In short, it is 

a measurement of the weight distribution of the club.  And with the introduction of lighter shafts, 

grips and club heads, the possibility of a wider range of Swingweights, and thus more 

inconsistency from club to club, is greater (Johnson, 2012).   

When Robert Adams was matching his set of golf clubs by waggling the golf clubs, one 

by one, in a horizontal plane he was in fact attempting to measure the moment of inertia of the 

club around the center of the grip, henceforth referred to as MOIG.  One can imagine how 

difficult it would be to adjust all 13 clubs until they all felt like having the same MOIG.  As there 

were no instruments available for measuring moment of inertia at the time, Robert Adams made 

an instrument that would provide an indication of when all the clubs in a set of golf clubs would 

have similar moments of inertia.  He found that all his balanced clubs would have similar upward 
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force at the end of the grip when balanced over a fulcrum 14 inches from the grip end.  As an 

instrument for measuring the MOIG is now available from Rational Golf LLC of Florida, it 

would be irrational to continue to use the approximate method of Swingweight.  This is a step in 

the right direction for matching golf clubs, however, there are further complications to overcome. 

The Swingweight scale is meant as a tool for adjusting the club head weight of golf clubs 

in order for all the clubs in the set to have the same feeling of heft or MOIG.  However, most 

club fitters misuse the scale today.  Club makers today believe that the Swingweight of a club 

will be reduced by adding weight to the grip end of the club.  This is due to a flaw in the 

Swingweight instrument.  As weight is added to the grip end, the instrument will show a lower 

Swingweight.  However the feeling of heft when waggling the club has not changed.  By adding 

50 grams of weight to the butt end of a typical 7-iron of Swingweight D2, the new Swingweight 

becomes C1.  However, the heft or moment of inertia around the center of the grip has not 

changed.  Thereby the intended property of the club as described by the Swingweight system has 

not changed, however the measured Swingweight has changed considerably. 

The Swingweight and MOIG were measured for each club in set of golf clubs chosen at 

random.  The result of measurements is shown in table 1.  By plotting the MOIG versus the 

Swingweight on a graph something can be learned about the relationship between the two.  If the 

resulting graph is a straight line there is a linear relationship between MOIG and the measured 

Swingweight.  This would give Swingweight some credibility.  However, as seen in figure 1, 

there is little or no correlation between Swingweight and MOIG.  Thereby, confirming that 

Swingweight is not an acceptable substitute for MOIG. 
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Table 1 

Typical Properties of Golf Clubs Measured 

 MOIG Swingweight 
Golf Club Kg x cm^2 A, B, C… , 1, 2, 3… Newton 

Lob Wedge 2136 D 8.1 4.522 
Sand Wedge 2137 D 7.5 4.503 
Gap Wedge 2112 D 5.8 4.444 
P Iron 2126 D 6.9 4.483 
9 Iron 2135 D 6.4 4.464 
8 Iron 2155 D 6.7 4.473 
7 Iron 2174 D 6.4 4.464 
6 Iron 2200 D 6.9 4.483 
5 Iron 2221 D 6.7 4.473 
5 Hybrid 2293 D 7.8 4.513 
4 Hybrid 2328 D 8.6 4.542 
3 Hybrid 2350 D 8.9 4.552 
Driver 2503 E 0.6 4.611 
 

 

Figure 1.  Measured Swingweights of golf clubs, in a typical set, are plotted against the 

measured MOIG. 
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Adding a weight to the center of the grip will not affect the MOIG significantly, as it is an 

accurate measure of heft.  The instrument for measuring the MOIG does exactly what the 

Swingweight instrument was supposed to do.  Then why do clubfitter and club makers in general 

not take advantage of this?  The answer is probably a combination of ignorance, tradition, and 

indifference.  There are a couple of smaller club makers that match clubs by moment of inertia 

around the grip end of the club.  Although the moment of inertia is measured around the grip end 

rather around the center of the grip, it is a huge improvement over the traditional Swingweight 

method. 

Swingweight is a static measurement, nothing to do with swinging the club.  Because it's 

a simple static balance, Swingweight is not the dynamic measurement its name implies.  But if 

used in concert with the overall weight of the club, it does give some indication of the dynamic 

feel or balance of the club (Thomas, 2004).  No further explanation of how the combination of 

Swingweight and the clubs overall mass will affect the dynamic feel is offered. 

It seems that the industry, in general, pays less attention to Swingweight these days.  The 

Swingweight of every club sold is specified, but it is not unusual to see a set consisting of clubs 

of various Swingweights.  In general every new development in golf club technology brings the 

golf club further away from the original clubs used for developing the Swingweight method.  

Most people do understand that Swingweight does not work.  To further illustrate that 

Swingweight serves no purpose: 

1. The fact that Swingweight is not measured in a mathematical number system should be a 

dead giveaway that it is not a physical property.  It is measured in a combination of a 

letter and a number.  For example C3 and D2.  How much is C3 + D2? Or C3 divided by 

D2?  Definitely not a physical property. 
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2. The Swingweight measuring scale does not have a zero.  All physical properties have 

zero value in the absence of the property.  For example, if you have 0 Kg of chocolate, 

you have no chocolate.  Zero Kelvin means that there is no temperature, etc. 

3. Physical properties can be related to any object.  For example, temperature and mass can 

be determined for any known object or substance.  It would, however, be difficult and 

meaningless to attempt to determine the Swingweight of a car, bus, or a pencil.  

Swingweight is not a physical property. 

4. The Swingweight is related to the center of gravity of the golf club.  However, the center 

of gravity of a golf club does not enter the equations describing the motion of a golf club 

being swung.  It is only relevant when the golf club is static.  Newton’s second law of 

circular motion states: Torque = Moment of Inertia x Angular Acceleration.  

5. The Swingweight is measured around a balance point 14“ down the shaft.  14” is not a 

physical constant such as, for example, π (3.1416…).  The selection of the balance point 

is random.  If for example a balance point of 12” or 16” had been chosen instead, golf 

clubs would have been different, still completely wrong, but different. 

6. It does not make sense that the Swingweight is increased if one installs a lighter grip.  

Similarly, by adding weight to the grip end of a club the Swingweight becomes “lighter”.  

Adding a pound to the grip, and your Swingweight would become “superlight”. 

7. Club fitters will normally advocate a high Swingweight to large, strong persons and a 

lower Swingweight to smaller and weaker persons.  One way of increasing Swingweight 

is to install a lighter grip, thereby lowering the overall weight of the club.  It does not 

make sense that a smaller, weaker person should swing a heavier club than a large, strong 
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person.  Still, the clubs of young skinny girls are fitted with heavy grips.  Then they are 

told to come back when they are stronger, and the club fitter will change to lighter grips. 

8. There is no logical explanation for why a set of clubs that happens to have the same 

upward force at the grip end, when balanced on a fulcrum 14 inches from the grip end, 

should perform better than any other set of clubs. 

It is absurd that today’s “high tech” club heads, shafts and grips are assembled and matched by 

an obsolete method, creating a set of mismatched clubs.  Swingweight has served its purpose and 

its replacement by a rational system is long overdue.  

Matching by Moment of Inertia 

These days’ instruments for measuring moment of inertia around the grip end of the club 

are available at a low cost.  This has brought about the opportunity of matching a set of clubs by 

making all the clubs have the same moment of inertia.  The method is utilized by some golf club 

manufacturers such as Big Fish Golf of Singapore and Wishon Golf of Colorado, United States.  

This is a step in the right direction from the Swingweight method as it is an actual physical 

property. 

There are, however, two problems with the current moment of inertia method.  As will be 

discussed later, the golf club does not rotate around the grip end of the club.  Thereby the 

moment of inertia around the grip end is not relevant.  Secondly, the system does not specify the 

mass of the golf club.  The importance of mass will be discussed later.   

Perfectly Matched Clubs 

In accordance with Newton´s Laws of Motion, in order to make all the clubs in a set feel 

exactly the same, whether they are held still or swung, one need to construct the clubs in such a 

manner that the following three properties of all the clubs are identical: 
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1. Mass of the clubs 

2. First moment of mass about the center of the grip 

3. Second moment of mass about the center of the grip, or MOIG 

Such a set of clubs would be quite peculiar and not acceptable by golfers.  Such sets were 

however on the market at one time (Jorgensen, 1999).  There is no evidence supporting that such 

a set would be superior in any way.  It is noted that the 2nd criteria, that all the clubs should have 

the same first moment of mass about the center of the grip, only applies to a club held in a 

stationary position.  This criterion does thereby not serve any purpose for a golfer swinging a 

club.  The first step in developing the BioMatch method of golf club matching was to create a set 

of clubs where all the clubs had identical mass and MOIG.  This was done by altering the mass 

of the clubheads in a standard set of clubs until all the clubs had the same MOIG.  Then the 

overall mass of each club was adjusted by adding a weight inside the shaft at the center of the 

grip.  These clubs worked well.  The clubs were never marketed as further discoveries and 

improvements were soon made.   

Matching by MOIG 

One easy way of matching golf clubs is simply to make all the clubs in the set have the 

same MOIG.  This is just as easily done as matching by the arbitrary Swingweight method.  It is 

recommended that this method be implemented for production of golf clubs that are not built to a 

specific person.  The mass of the clubs will be whatever it ends up to be. However, the longer 

clubs will automatically be lighter than the shorter clubs, as the clubheads of the longer clubs 

must be lighter in order to maintain the same MOIG.  This makes sense, as will be discovered in 

the discussion on the BioMatch method below. 
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The BioMatch Method of Matching Golf Clubs 

As explained, by Newton´s laws of Motion, all the clubs in a set can be made to feel the 

same when swung by giving all the clubs identical moments of inertia around the point it is 

rotating and identical mass.  Further, all the clubs can be made to feel the same when held still by 

giving all the clubs the same center of gravity, measured from the grip end of the club.  All the 

earlier attempts to match a set of golf clubs is taking it for granted that all the clubs in the set 

should feel the same.  In other words, all the clubs should swing the same.  There is no rationale 

for this to be the case.   By scientifically determining the optimal mass of each club in the set, the 

upper body, hands, and clubhead will be synchronized so that they all line up at impact position.  

In order to understand the foundation on which the BioMatch method of golf club matching is 

based some basic principles must be established. 

Center of Rotation 

It is for some reason generally believed that the club rotates about the end of the club 

when swung.  Some also consider the club to swing about a point beyond the end of the grip, 

reasoning that this seems rational when only considering the club movement through the impact 

zone.  It should, however, be obvious to any observer that the club swings about the center of the 

grip.  The movement of the golf club in the downswing can be described as a translational shift 

of the club from the top of the backswing and a rotational movement about the center of the grip.  

By holding the 90-degree wrist angle (angle between the left arm and the shaft) from the top of 

the backswing down to the position the hands are in at impact it is seen that the shaft will be 

horizontal.  By standing against a wall, the center of the grip end in this position can be marked 

on the wall.  By releasing the wrist and let the club move to impact position, one can mark the 

end of the grip end on the wall.  The distance between the two marks is the distance from the grip 
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end of the club to the center of the grip.  For most golfers, this distance is found to be about 100 

mm.  For the purpose of this paper, the center of the grip is defined as a point in the center of the 

shaft 100 mm down from the grip end of the club. 

Natural Release 

There are three ways of releasing the wrists during the downswing.  One method is to let 

the wrists release naturally without putting any thought or action into it.  A second method is to 

try to delay the release by holding the wrist angle as long as possible until the centrifugal forces, 

and the slowing down of the hands, cause the wrists to release.  The third method is to delay the 

release by holding the wrist angle and actively add torque to the club just before impact.  If this 

is done later in the swing than the natural release, it is possible to add clubhead speed.  It is 

revealed that if wrist torque is applied to maintain the wrist / shaft angle until the lead arm 

reaches “eight o’clock” when viewed from the front (the “delayed wrist action”), at which point 

the torque is applied in the opposite direction to actively release the wrists, clubhead speed can 

be increased by 1.6%.  If the timing is off by 50 ms (0.05 seconds), the swing speed will be 

reduced compared to the natural method (Smith, 2013).   

Applying the 3rd method will make the swing speed unstable, the bending of the shaft 

also becomes unstable, as the shaft bend is a function of the clubhead speed, which again will 

cause an unstable dynamic loft.  The bending of the shaft also causes the club head to open and 

close as the shaft also bend in the horizontal plane.  When the shaft bends less, the clubhead will 

be more open causing the ball to start more to the right.  Likewise when the shaft bends more, 

the ball tends to start more to the left, for a right-handed golfer.  This will also affect the spin of 

the ball.  It should, therefore, be clear that the delayed wrist action method does not only affect 

consistency in the distance but also seriously affect consistency in spin and direction. 
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It would not make sense for any golfer to try to hold and then actively add torque with the 

wrists in order to achieve such a tiny increase in clubhead speed.  The chances of mistiming the 

release are too high compared to the possible gain of making it.  It is concluded that the natural 

method of release is the superior method for golfers at all levels.  One exception may be for long 

drive competitors where distance is the only objective, and one has five attempts to get it right.  

Thereby; when applying physics to the golf swing the wrists are considered a perfect hinge 

where no torque can be applied.  

Applying Newton´s Laws of Motion 

In order to apply Newton´s laws of motion to the golf swing, the downswing can be 

broken down into two separate motions.  First, consider the translational motion of the club from 

the top of the backswing to impact position.  The only property of the golf club that affects this 

motion is the mass of the club.  Second, consider the rotational movement of the club around the 

center of the grip.  The only property of the golf club that affects this motion is the moment of 

inertia (MOI) around the center of the grip, referred to as MOIG.  Drag forces created by air 

resistance are not taken into account in the above discussion.  However, drag forces are 

accounted for in the BioMatch computer program. 

It is only the mass and MOIG of the club that decides how and when the wrists are 

released for a particular golfer when applying the natural release method.  The biomechanical 

properties of a specific golfer can naturally not change in-between swings.  This brings on a 

challenge, as normally none of the clubs in a set of golf clubs are matched with regards to mass 

and MOIG.  This causes all the clubs in a set to release differently.  Which again will necessitate 

the subconscious mind of a golfer to automatically recall how to swing each of the thirteen full 

swing clubs in a set.  As the mind is struggling to achieve a good swing with a club, the golfer 
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can only hold back on the swing or trying to steer the club rather than letting it release naturally.  

This is obviously making the game of golf very difficult for players who do not constantly 

reinforce this behavior.  If all the clubs had the same mass and MOIG, the golfer would be able 

to swing at full torque with a natural release without any concern.  This would cause all the clubs 

to behave in the same manner.  However, as the length of the clubs differs, and the ball position 

at setup differs one would not want all the clubs in a set to swing or release identically.  Assume 

that the optimum hand position at impact for any club is when the left arm and club is aligned in 

a straight line.  For the longer clubs, one thereby wants the wrists to release later in the swing on 

order for the hands to be in the correct position at impact.  This can be achieved by lowering the 

mass of longer clubs, or by increasing the MOIG of the longer clubs.  The mass of the club 

affects the acceleration of the hands in the downswing.  The MOIG of the club affects the 

angular acceleration of the club around the center of the grip.   It is, however, not obvious how 

the optimum mass and MOIG is determined for each club.  The physical properties of the golfer 

in question also come into play. 

Properties of the Human Body 

In order to obtain the optimum mass and MOIG of each club one has to consider the club 

and the human body in symphony.  A model of the human body describing the properties of the 

various body members has to be created.  These properties include length, mass, center of gravity 

and moment of inertia of each body member.  These properties of the human body members can 

be estimated based on the height, mass, gender and fat percentage of the person in question.  The 

work in establishing these anthropometric factors is based on a study of the human body 

contracted by National Aeronautics and Space Administration (NASA) in the late 1960s.  The 

experiment cut five male bodies into the various body members and carried out measurements of 
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each body part.  These properties were then related to the full height and mass of each body 

(Clauser, McConville & Young, 1969).  Further information was obtained from the "Open design 

lab", Proportionality Constants (www.openlab.psu.edu).  Estimates taking gender and fat 

percentage into consideration have also been incorporated in the BioMatch method. 

Mass and MOIG Relation 

Most students of the physics of the golf swing attempt to make relations between all sorts 

of relevant and in some cases irrelevant factors of the golf swing.  By considering the principle 

of conservation of energy, one can make a more elegant model of the golf swing, which 

alleviates calculating all the forces and torques being applied during the downswing.  There are 

five different torques being applied to the golf club during the downswing (Jorgensen, 1999).  It 

is outside the scope of this paper to discuss these, and neither is it necessary when applying the 

principle of conservation of energy.   

In the downswing, the center of gravity of the arms and club are close to the spine of the 

golfer.  This gives a small moment of inertia of the arms and club around the spine of the golfer.  

As the downswing progress, the arms are extended away from the spine and the moments of 

inertia of the arms and club about the spine is increasing.  The body is applying a constant torque 

to the arms and club in the downswing (Jorgensen, 1999).  Even though the kinetic energy of the 

system is increasing, the hands are slowing down due to the increasing moment of inertia of arms 

and club around the golfer´s spine.  This is the same principle as observed when an ice-skater is 

spinning with the hands extended, when moving the arms closer to the core, the speed of which 

the skater is rotating is increased dramatically.  When the ice-skater extends the hands, the 

spinning slows down again.  Due to the slowing down of the hands of the golfer the club head 

catches up and swings out, or releases, to impact position.  As the hands of the golfer reach 
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impact position, the hands can be considered stationary. This effect can clearly be observed by 

watching professional golfers in slow motion.  The core of the body supplies energy to the arms 

and club during the downswing.  This kinetic energy is then transferred into the kinetic energy of 

the golf club rotating about the center of the grip.  As the hands are stationary at impact, all the 

kinetic energy created has been transferred to the rotational energy of the club.  It is thereby 

implied that:  Energy created by the applied torque during the downswing = Kinetic energy of 

the arms and club just before release = Kinetic energy of golf club just before impact. 

The principle of conservation of energy described above is the basis of the BioMatch 

method of matching golf clubs.  Drag forces created by air resistance are also taken into account.  

The BioMatch computer model will yield the optimum mass for each club in the golfers set.  The 

optimal mass is a function of the MOIG as well as length and lie angle of each club and the 

physical properties of the golfer. Mass is best adjusted, without noteworthy affecting the MOIG, 

by adding a weight inside the shaft at the grip end. 

Ball Position 

The BioMatch method assumes that the driver hits the ball when perpendicular to the 

target line.  This gives a ball position just inside the left foot.  It is further assumed that for the 

shortest club in the set the ball is positioned in the middle of the stance.  The BioMatch method 

calculates the appropriate ball positions for all the clubs according to the address position, which 

is determined based on length and lie angle of clubs, as well as the estimated dimensions of the 

golfer.   

Considering Biomechanics 

The shaft of the club and the left arm are considered to be in a straight line at impact 

position.  This means that the hands are more in the middle of the stance for the short clubs and 
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further forward for the longer clubs.  This again implies that the hands swing through a shorter 

sector for the shorter clubs.  Assuming that the body applies the same torque for every swing, the 

shorter clubs must have a larger mass in order for the hands to reach the correct impact position 

in the same amount of time.   

The BioMatch computer program creates an anthropometric model of any particular 

golfer.  Together with the properties of the golfer´s clubs, the program calculates the optimum 

mass of each golf club in the set.  Mass can be adjusted by adding a weight in the grip end of the 

club.  This is the best location for adding a weight, as it will have minimal impact on MOIG.  

The optimum weight of the club is a function of a number of properties of the club, including 

MOIG, as well as the physical properties of the golfer. 

It should be noted that most club manufacturers these days provide drivers that are too 

long for the majority of players.  This is done in order to increase distance while sacrificing 

accuracy.  Distance is an important selling point.  Professional golfers are fitted with drivers of 

proper length.  The average driver length on the PGA Tour is 44.5 inches.  Tiger Woods´ used a 

43.5-inch driver most of his career.  If he could hit a longer driver consistently, he would.  If 

Tiger Woods can´t hit a 45-inch driver straight, then it would be irrational to think that amateurs 

should be fitted with 45 and 46-inch drivers.  About 90% of amateurs are using drivers that are 

too long for them (Wishon, 2005).  This causes a severe mismatch between driver and the other 

clubs.  This will cause errant shots, not only with the driver, but also with all the other clubs in 

the set as the mismatch between clubs are amplified.  If a golfer is using a driver that is too long, 

the MOIG will inevitably be very high.  This will slow down the release of the club.  The hands 

will thereby be too far forward when the clubhead hits the ball. This impact position will 

promote the ball to start off to the right of the target line, and in most cases cause a slice, which 
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most amateur golfers are struggling with.  Throughout this paper it is assumed that the golfer in 

question is a right-handed golf player.  When matching a set of golf clubs in which the driver has 

an unproportionally large MOIG, a very large weight has to be added to the grip end of the 

driver.  To avoid this, it is better to cut the length of the driver and thereby add a smaller weight 

to the grip end of the club.  It is absurd that high handicap golfers play with such long drivers 

that even a professional golfer would struggle with.   

To keep the weights specified by the BioMatch method small, it is an advantage to start 

with a set of clubs that are already matched by the MOIG method described earlier.  That is, all 

the clubs in the set have identical values of MOIG.  It would therefore be an advantage if all golf 

club manufacturers built its clubs in this manner.  Any golfer will play better with clubs matched 

by the MOIG method rather than the arbitrary Swingweight method.  The MOIG method can be 

taken a step further by taking the drag of the various clubheads into consideration.  For optimum 

performance the mass of each club still needs to be determined by the BioMatch method and the 

appropriate size of weights installed.  The BioMatch method will just as easily apply to clubs 

matched by Swingweight, however the size of some weights are likely to be larger, as the clubs 

matched by Swingweight is further away from optimum mass. 

As shafts and clubheads have become lighter over the years, the MOIG of modern drivers 

could be kept in the reasonable range even for 46-inch long drivers.  However, in the recent years 

the weight of the driver head has increased again as manufacturers have started to add weights to 

the clubheads for adjustability of the club head´s center of gravity.  This increases the MOIG and 

makes the drivers more difficult to hit, as the hands will be too far forward when the clubhead 

hits the ball.  This may cause the ball to start off to the right as well as spinning off to the right 
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(slicing).  Manufacturers then build in various technologies to counteract the slice, which they 

created in the first place by making drivers of too large a MOIG. 

If the weight indicated by the BioMatch method is too large, it is recommended to cut the 

length of such a club.  This will normally only be relevant for woods that are already too long for 

the golfer.  An added weight of more than 40 grams for a child, or more than 60 grams for a 

small adult, or more than 80 grams for a large, strong adult would normally be considered too 

large.  This does of course depend on the original mass of the clubs. 

Drag Forces 

The drag force, created by air resistance, opposing the movement of the clubhead through 

the air is taken into account in the BioMatch computer program.  Estimated height and width of 

the clubheads, as viewed from down the target line at set up, is entered into the program.  The 

product will give the effective area as related to air resistance.  A form factor of each clubhead is 

also entered in order for the program to calculate the drag force of the clubheads.  The program 

uses typical measurements as default.  The drag forces of the shafts are ignored, as it is very 

much the same from club to club.   

Computer Application 

There are two groups of input data to be entered in the BioMatch computer application, 

particulars of the golfer and particulars of the golf clubs to be matched.  Particulars for the golfer 

are height, weight, gender, and fat percentage.  The particulars of the clubs to be entered are the 

mass, MOIG, length, and lie angle of each golf club in the set to be matched.  Users of the 

program, that do not have access to an instrument for measuring the MOIG of the golf clubs, will 

have the MOIG estimated based on length, weight, and a database of typical clubhead mass for 
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each club.  Typical values for lie angles are used as the default.  Default values of club head 

dimensions are utilized, unless specified by the user, in order to calculate drag.  

The BioMatch program will specify the size of weight to be added to each club.  In the 

online version of the BioMatch program weights of the correct size can be automatically ordered 

through Rational Golf LLC.  (www.rational-golf.com).  Smaller and weaker golfers should 

consider changing the grips to lighter options before the BioMatch method is applied, as this will 

reduce the overall mass of the final set of clubs.  

BioMatch Index 

During the studies leading up to the invention of the BioMatch method, it was proven that 

the BioMatch Index (BMI) = MOIG / mass, is constant for all clubs that swings identically.  

Every club in the set will have a unique BMI.  Any club, being altered with regard to MOIG and 

mass, will behave in an identical manner as long as the BMI is maintained.  For example, if the 

BioMatch report specifies that a weight of certain mass be added to a club, the mass can be 

reduced if the MOIG is reduced accordingly.  BMI is a measurement of how a golf club behaves, 

or releases, when being swung. 

Developing the Theory 

The above, BioMatch Index, theory is arrived at by considering conservation of energy.  

For rotation of objects, the net work is equal to the change in rotational kinetic energy: 

          (1) 

where; 

W = Work, I = moment of inertia, ω = angular velocity 

Subscript f refers to final, and subscript i refer to initial. 
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As the angular velocity at the top of the backswing is zero, so is the initial kinetic energy.  

Kinetic rotational energy thereby becomes: 

          (2) 

where; 

EK = Kinetic Energy 

For a constant torque, the work can be expressed as: 

W = τ x θ          (3) 

where; 

τ = torque, θ = the angle through the torque is applied 

The work exerted by the body on the golf club can be described as the torque applied by the user 

through an angle from top of the backswing to the point of impact. This is thereby a constant that 

describes the energy supplied to the golf club by a particular user. This constant is specific to the 

individual user and is therefore constant throughout the set of clubs. 

The movement of the golf club, in the downswing, consists of two movements imposed on each 

other, namely, a translational movement of the club around the left shoulder and the rotation of 

the club around the center of the grip position on the club.  The kinetic energy related to the 

translational movement of the club around the left shoulder is: 

      (4) 

where; 

EKH = kinetic energy related to the translational movement of the club.  LA = the length of 

the left arm, as measured from the shoulder socket to the center of the grip. Mclub = Total 
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mass of the golf club, vH = velocity of hands 

For the rotation of the club around the center of the grip position on the club, the energy is: 

       (5) 

where; 

EKClub = kinetic energy related to the rotational movement of the club around the center of 

the grip.  LCE is the club length from the grip center down to the lower end of the club, or 

effective length of Club.  vCH  = velocity of the club head 

Based on the principle of conservation of energy the sum of the above two must be equal to the 

work exerted by the user.  The work exerted by the user is a constant describing the abilities of 

the user.  Thereby: 

     (6) 

During most of the downswing the EKH is the dominant part.  However as the club is released the 

EKClub becomes the dominant part as the velocity of the hands approaches zero at impact.  

Making the assumptions that the speed of the hands becomes zero exactly as the club releases, 

and that the club only releases at the bottom of the swing, all the work done on the club will go 

into the EKH, then at the very end all this energy is transferred into EKClub.  As such: 

 

In addition, assuming the downswing is arching θ degrees and that the downswing is carried out 

in t seconds.  Then 
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It is noted that θ, LA and t are all factors specific to the user.  Therefore v2
H can be substituted 

with a Constant specific to the particular user called CGolfer· 

Then 

 

Hence, 

 

In view of the preceding equation, it should be noted that: 

• By decreasing the MOIG the club head speed is increased.  One should thereby seek to 

minimize the MOIG throughout the set of golf clubs. 

• By increasing the mass of the club, the club head speed correspondingly increases.  There 

will however be a point where the user would not be able swing the club efficiently. 

• By increasing the length of the club the club head speed correspondingly increases. 

Thus, it should be noted that the weight of the club should be manageable and that shaft and club 

head mass should be minimized in order to maximize club head speed. 

Furthermore, it should be noted that VCH is proportional to LCE.  That is VCH
2 / LCE

2 is a constant. 

Correspondingly, we can define a new Constant BioMatch Index or BMI as MOIG/MClub. 
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If the BMI were made to be constant throughout the set of golf clubs, all the clubs would behave 

identically when swung.  However, due to different target hand positions at impact and different 

drag forces for each club, the BMI will be different for every club.  When the optimum mass has 

been determined for each club in the set through the BioMatch method, the application will also 

provide the optimum BMI for each club.  It is then possible to change the mass and MOIG of 

each club as long as the BMI remain the same.  This is very useful if, say, the weight to be added 

to the driver is considered to be too large.  The MOIG of the driver can then be reduced, for 

example by reducing the length.  The new optimal mass of the driver will then be reduced 

according to the BMI formula.  Thereby reducing the added weight. 

Proving the theory 

In the BioMatch patent document, BioMatch Index (BMI) is defined as: 

BMI = BioMatch-Index = MOIG/ MClub 

Where MClub is the mass of the individual golf clubs. 

A typical golfer is used in the following example to demonstrate the BMI formula: 

• Height 1800 mm 

• Mass 80 Kg 

• Fat  25% 

• Gender  Male 

By making variations in the MOIG of a club in the set matched for the above golfer, the 

corresponding mass of each club is calculated using the BioMatch program.  In this example, the 

MOIG of the 7-iron is varied from its original value.  Values of MOIG entered for the 7-iron into 

the BioMatch program range from -20% to +20% relative to the originally measured value of 

MOIG.  The resulting table is presented in Appendix C.   
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The resulting mass of the club is plotted on a graph as a function of the various values of 

MOIG.  The graph is provided in Appendix D.  The linear relationship between mass and MOIG 

confirms that the BioMatch-Index = MOIG/ MClub = Constant. 

Why BioMatch Works 

Kinesthetic Memory 

According to neuroscience research, it takes a high level of focus during practice to 

develop and reinforce the kinesthetic memory of a good golf swing.  The motor system is 

composed of billions of tiny nerve cells (neurons) structured in “maps”.  These neural roads and 

highways, which respond to sensory inputs, are where the kinesthetic memory of the golf swing 

is stored.  To establish kinesthetic memory, one has to practice the same stroke repeatedly. 

(Zumerchik, 2010).  This is more commonly referred to as muscle memory.  As golfers carry 13 

full swing clubs in their golf bags, they have to develop muscle memory for 13 different swings.  

Further, the golfers´ subconscious minds have to be able to tell them apart as they pick up a club.  

The golfer´s conscious mind knows what club is being hit next; this must also be picked up by 

the golfer´s subconscious mind in order to bring the correct set of muscle memory into focus.  

The traditional waggle of the club before the swing is performed may aid in this process.  The 

subconscious mind will, through the waggle, recognize the physical properties of the club in 

question.  The physical properties that the brain must take into account are the length of the club 

and the lie angle of the club.  These properties will determine the setup.  This is easy as it is a 

static position, and the golfer has plenty time to get into the desired posture.  The properties that 

affect the actual swing are the mass and MOIG of the club in question.  The subconscious mind 

determines these factors through the waggle, which brings forward the correct set of swing 

mechanics, and perform the swing accordingly.  Golfers waggle in order to find the rhythm and 
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timing required to get the muscles moving in the correct pattern and sequence.  Good golfers 

perform the swing without interference from the conscious mind and only concentrate on the 

target. (Zumerchik, 2010).   

For each new club to be hit the neurons undergo a reorganization (Zumerchik, 2010).   

One may appreciate the complexity of this process and how it may cause errant, or at least less 

than perfect shots.  What if the mind only had to deal with one set of properties that were 

identical throughout the set of clubs?  The golfer would only have to ingrain one, rather than 

thirteen sets of muscle memories, which also has to be distinguishable at short notice.  This is 

exactly what the BioMatch method does, as the correct MOIG and mass is applied to all the 

clubs.  Once a golfer has set up to a shot, no matter which club is being hit, the golfer can simply 

apply the one and only full swing ingrained.  The phenomenon can be observed on any driving 

range. A golfer may hit 50 good shots in a row with a 9-iron.  Then pick up a 3-wood, hit a 

couple of errant shots before being able to perform a number of consecutive good shots.  

Unfortunately, out on the course, the golfer seldom hit the same club twice in a row.  This strains 

the subconscious mind and causes all sorts of errors.  This is one reason it is difficult to take the 

game from the driving range onto the course.  By having the clubs in the set matched by the 

BioMatch method, the subconscious mind only has to deal with one swing.  Once the 

subconscious mind get accustomed to and learn to trust the clubs behaving as intended without 

any effort on its part, the game becomes easier and less stressful to play.  This will also cause the 

wrists to be more relaxed during the swing, as steering the club is no longer necessary.  As 

discussed earlier, relaxed wrists will cause a natural release, which again will produce higher 

clubhead speeds and better precision.   



SCIENTIFIC MATCHING OF GOLF CLUBS 35 

Copyright 2015 by Gisle Solhaug 

Rhythm, Touch, Feel, and Tempo 

For successfully executing less than full swings, good tempo, feel, and touch is required.  

Using the same swing acceleration mechanics for all the clubs will result in good touch feel and 

tempo.  It is much easier to develop a repeatable fluid swing by using the same swing for all your 

clubs (Zumerchik, 2010).  This can only be perfected if the clubs behave as intended by being 

matched with the BioMatch method. 

Confidence 

Confidence is an important factor in golf.  Once golfers feel confident out on the course 

they will play fearless golf, which enhances their chances of playing in the “zone” (Valiante, 

2005).     Confidence in the equipment is just as important as confidence in one's swing and 

abilities to visualize and analyze (Zumerchik, 2010).  This is one reason that the BioMatch 

system works so well once the player learns to trust that all the clubs will behave as intended, 

without any steering or other efforts on the part of the golfer. 

Brain maps become tighter through practice, which leads to better synchronization of the 

neuron action and thereby generate better-timed muscle actions producing better swings.  

Muscles will fire at the right time.  This again will enhance the confidence of the player 

(Zumerchik, 2010).  Concentrating on practicing one swing rather than thirteen will ingrain the 

brain map faster and deeper. This will produce a higher level of confidence.  When players have 

a streak of good holes, they often say that they were in the "zone".  Often explained by golfers as 

being in a dual state of mind, a high level of mental concentration combined with a very relaxed 

muscle state.  The zone may be caused by a relaxed state of mind combined with a high level of 

confidence (Zumerchik, 2010).  
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It has been found that while growing one brain map, another brain map may shrink.  This 

as brain maps are competing for neurons and space (Zumerchik, 2010).   By practicing with a 9-

iron, the proficiency of the other 12 clubs will drop.  The best way to solve this problem is to 

have one brain map that covers all thirteen full swing clubs.  This is how the BioMatch method 

of golf club matching takes the complexity out of golf. 

Occasionally professional golfers, even at the highest level, falls into a slump that may 

last for years.  No matter what they do, they seem to be stuck.  There is no universal explanation 

for this, although it seems to be a lack in confidence.  Once the confidence returns, the player can 

break out of the slump (Zumerchik, 2010).  This demonstrates the complexity of the game of 

golf, mostly caused by playing thirteen different clubs. 

Switching Equipment 

Sometimes professional golfers change the brand of clubs they play, mostly due to better 

deals with competing brands, even when doing well with their existing equipment.  This is 

considered a gamble as it could take a year to get used to the new equipment as the old 

equipment is ingrained in the motor memory.  A good example is Johnny Miller, who was 

expected to rise as the new Jack Nicklaus in the 1970s, after changing equipment he never 

returned to his former level.  Later Corey Pavin and Lee Janzen suffered similar experiences 

(Zumerchik, 2010).  A more recent example is that of Rory McIlroy.  After a great 2012 season, 

he changed equipment.  In the 2013 season, he played far below what was expected of him.  

Only in the 2014 season did Rory McIlroy return to his former magnificence.   

It seems that it takes a long time to rewire the brain to effortlessly swing the new clubs 

and obtain the feel for the new clubs, even though the same grips and shafts are used.  The mass 

and MOIG of the clubs are essential factors of the feel of the clubs.  If the mass and MOIG of the 
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new clubs are identical to that of the old clubs, the transition will be far less painful.  

Alternatively the BMI of each of the new clubs should be made identical to the corresponding 

old club.  This is much easier to obtain and will provide the same result has keeping the mass and 

MOIG of new and old clubs identical. 

Conclusion 

The BioMatch method of matching golf clubs brings some much-needed science to the 

game of golf.  The golf industry and golfers have for over a century attempted to find a method 

of matching golf clubs within a set.  The industry seems to have given up on this, and many are 

relying on the Swingweight method as it may be considered better than nothing.  BioMatch is the 

first known method that takes the properties of the golfer into consideration.  It is not possible to 

perfectly match a set of golf clubs without considering the properties of the golfer´s body 

members.  Any such attempt will fail.  This is the main difference between BioMatch and all 

earlier attempts to match golf clubs within a set and to a specific golfer. 

For mass production of sets of golf clubs it is recommended that all the clubs in a set be 

matched by having identical MOIG.  This approach will create a set of clubs that would work 

well for any golfer.  In addition, for optimum performance, the mass of each club in the set 

should be specified by the BioMatch method.  This method takes the properties of each 

individual golfer into consideration.  The specified club mass can then be obtained by adding a 

small weight inside the grip end of the club.  The mass of the weights to be added will be small if 

the clubs are already matched by having identical MOIG. 
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Appendix A 

Table A1 
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Appendix B 

 

 

Figure B 1 

 

 


