The Club: Energy & Force
Background Information

Energy & Force

When you use a golf club to hit a golf
ball, how exactly does it get the ball
moving? What makes the ball move
faster or slower? And why does the
design of the club matter? It all comes
down to energy and force.
Transfer of Energy
There are two main types of energy at play during any
swing: potential and kinetic. When you raise a club in
a backswing, at the moment when it pauses at the
top of the swing, it’s full of potential energy, or stored
energy, just waiting to be released. This is also called
gravitational potential energy, because an object
lifted to any height above the Earth would naturally fall
under the influence of gravity if released. Then you
swing the club toward the ball, transforming the potential
energy into kinetic energy, or moving energy. And at
the moment of impact, the club transfers kinetic energy
to the ball, setting it in motion also. The faster
the ball moves, the more kinetic energy it has.
But 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,

when it compresses slightly and then bounces back
into shape. The important point is that none of the
energy disappears — it just transforms from one
form into another, a scientific principle known as the
conservation of energy.

Clubs Old and New
Golf clubs have changed a lot over time. The earliest clubs,
called “woods” because they were made from hardwoods like
persimmon, were small and had low spring quality. Around
1980, clubs began to be made with hollow steel club heads,
which made the ball go farther and straighter. Today, clubs are
often made with titanium and other lightweight materials, so that
the club head can be larger and more effective than ever before.
(Copyright USGA/Christopher Record)
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The Power of Force
In addition to transferring energy, the club also acts
as a force on the ball, causing it to move in reaction
to the club’s impact. In the 17th century, an English
scientist named Isaac Newton studied the relationship
between objects and forces, and thought up what we
now call Newton’s Laws of Motion. The first law
says that an object at rest will stay at rest, or an object
in motion will stay in motion at a constant speed,
unless an external force acts on it — this tendency
to stay in the current state unless acted upon is also
called inertia. When a force does act on an object,
the second law says that the object will move in the
same direction that the force was moving.
What this means for golf is that a golf ball at rest
will stay that way (possibly forever) until something
moves it. When a club hits it, the ball will gain kinetic
energy and travel in the same direction the club was
moving. The larger the force of the club, the bigger
the impact and the faster the ball will go.
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Designing the Perfect Club
So the size, shape, and mass of a golf club really
matter when it comes to transferring energy and force
to the ball. This is especially true of the club head.
The more mass a club head has, the more force it can
transfer to the ball. The more flexible the materials in the
club head, the better its spring quality, which is the
ability to store and release energy from the ball’s impact.
And the lighter the materials, the more the distribution
of mass in the club head can be spread out over a larger
volume, which makes it easier to hit the ball straight.
That’s why people keep designing new clubs and trying
to improve their performance. It’s also why the USGA
Test Center constantly tests new clubs — to ensure that
each one provides a consistent transfer of energy, but
doesn’t give any unfair advantages.

Robot Golfer
At the USGA Test Center, engineers use a robotic arm to
swing clubs at controlled speeds to test their effectiveness.
One thing they measure is the coefficient of restitution,
which is the ratio of the speeds of two colliding objects (club
and ball) before and after impact. This measurement indicates
how much of a club’s kinetic energy gets transferred to the ball,
and how much is retained by the club or transformed into other
forms (heat, sound).
(Copyright USGA/Matt Rainey)
This information is adapted from NBC Learn: Science of Golf, “Work, Energy, & Power” and “Evolution of the Golf Club” (www.nbclearn.com/science-of-golf), and
“STEM Zone and the World of Golf” (www.kidscoopnews.com/stem-zone)

Key Concepts

Coefficient of Restitution
The ratio of the speeds of two colliding
objects (such as golf club and ball)
before and after impact, which
indicates how much kinetic energy
gets transferred during the impact.
Conservation of Energy
The scientific principle that energy can
be neither created nor destroyed, only
converted into different forms, including
potential energy, kinetic energy, thermal
energy, and sound energy.
Distribution of Mass
Lightweight materials (such as titanium)
make it possible to make the club head
hollow and distribute its mass over
a larger volume, which provides a larger
surface for hitting the ball and makes
it easier to hit the ball straight.
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Elastic Potential Energy
Stored energy created by compressing
an object. This potential energy
transforms into kinetic energy when
the object bounces back into shape.

Gravity
A force of attraction that pulls objects
toward each other. The more mass
an object has, the stronger its
gravitational pull.

Energy
A quality of objects that gives them
the ability to move and apply force
to other objects.

Inertia
The tendency for an object to remain
in its current state, whether at rest
or in motion, unless acted upon by
an external force.

Force
The means by which energy is
transferred from one object to another.
Gravitational Potential Energy
Stored energy of an object lifted to any
height above the Earth. If the object
is released, the pull of gravity will make
it fall to the ground, transforming the
potential energy into kinetic energy.

Kinetic Energy
Anything that is in motion has kinetic
energy. The faster it moves, the more
kinetic energy it has.
Mass
The amount of matter in an object.
The more mass an object has, the
more force is required to move it.
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Key Concepts

Newton’s Laws of Motion
Scientific principles established by
English scientist Isaac Newton in
the 17th century. First law: an object
at rest will stay at rest, or an object
in motion will stay in motion at a
constant speed, unless an external
force acts on it. Second law: when
a force acts on an object, the object
will move in the same direction that
the force was moving. Third law:
any object will react to a force applied
to it, and the force of the reaction
will be equal to and in the opposite
direction of the original force applied.

Potential Energy
Stored energy, waiting to be released
and transformed into other types
of energy.
Sound Energy
A type of energy produced by objects
when they vibrate.
Speed
The measure of how fast an object
travels a specific distance over
a specific time.
Spring Quality
The ability of a golf club to store
and release the energy of a golf
ball’s impact.

Thermal Energy
A type of energy released as heat
or friction.
Velocity
The measure of speed in a
specific direction.
Weight
The measure of the pull of gravity
on the mass of an object. Your mass
would be the same whether you were
on Earth or the moon, but your weight
would be different because the pull
of gravity is different.

Additional Resources

To further explore the science of the
ENERGY & FORCE, the USGA/
Chevron educational partnership,
or the game of golf, please check
out the following resources:
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USGA Rules of Golf, Appendix II: Design of Clubs
www.usga.org/Rule-Books/Rules-of-Golf/Appendix-II
Official standards for the design of golf clubs
USGA Test Center
www.usga.org/equipment/overview/EquipmentStandards-Overview
Information about the Test Center and the Rules of Golf
NBC Learn: Science of Golf
www.nbclearn.com/science-of-golf
Videos and lesson plans about the science of golf
Sports ‘n Science: Golf
sportsnscience.utah.edu/science-behind-the-sport/
sport/golf
Information about the science of golf, as well as
other sports

USGA and Chevron
STEM Partnership
USGA and Chevron: Partners in Education
www.usga.org/chevron
Portal to a variety of STEM-related experiences, funding,
and other content
STEM ZONE: Science of Golf
chevronstemzone.com/pages/science-of-golf.shtml
Information and activities related to the science of golf
STEMZone and the World of Golf
(Kid Scoop News)
www.kidscoopnews.com/stem-zone
Information and activities related to the science of golf

Golf
USGA
www.usga.org
Official Rules of Golf, equipment standards, golf course
information, and more
USGA Museum
www.usgamuseum.com
Online exhibits and photos related to the history of golf

