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Chap 8 Kinetic and Potential Energy

WORK
Work is done whenever a force is exerted 
over a distance. The amount of work done 
is proportional to both the force and the 
distance. 

W F d 
SI Unit of Work: 

newton x meter = joule (J)

What if force and displacement don’t point in the 
same direction? 

The work done on an object by a constant force F is

W= ( F cos ) x ,
Where F is the magnitude of the force, x is the 
magnitude of the displacement, and  is the angle 
between the force and the displacement.  

Work does not depend on velocity or time.  It can be 
positive or negative (when cos < 0).

Work is the product of force and the distance traveled in the 
direction of the force. Alternatively, it is the product of 
displacement and the component of force in the direction of 
the displacement.  
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Work

Work Against Gravity

W F d mg d   



3

What Changes When Work Is Done?

Without external forces, Newton’s first law tells us that the velocity of an object 
does not change.  When an external force F is applied to the object, an acceleration 
a = F/m takes place.  If the work done on the object is positive, the velocity of the 
object increases. By how much does the velocity increase or decrease?   Is this 
increase or decrease in velocity related to the work done?

If the force acted on an object with mass m, originally at 
rest, for a distance of d, the acceleration is a=F/m 
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The final velocity is v at

When work is done, the quantity mv2/2 changes 
by the amount of work done.

Kinetic Energy

Kinetic energy equals the mass of the moving object times the 
square of the object’s velocity, multiplied by the constant ½.
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Work and Kinetic Energy

The change in kinetic energy of an object equals the 
net work done on that object.

Work and Kinetic Energy
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Power

POWER is the amount of work done divided by the time 
it takes to do it. Power is the rate at which work is done, 
or, equivalently, the rate at which energy is expended.

W
P

t
 E

P
t

or

SI Unit of power: 

joule / sec = watt

Power Examples
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Types of Energy

Kinetic Energy

Potential Energy . .P E mgh
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The gravitational potential energy of any object equals its weight 
(gravitational force) times its height above the ground. 

Potential energy is a useful concept only for forces that are 
“conservative”. Beside gravitational force, another example of 
conservative force is the elastic force of an ideal spring.

Work done against 
Gravitation

Potential Energy and 
Conservation of Energy

Conservative Force: is one that does 
zero total work on any closed path.

Force is conservative, if the work done 
by a force in going from an arbitrary 
point A to an arbitrary point B is 
independent of the path from A to B.
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Energy Conservation

In a closed system, neglecting any frictional forces, the 
total amount of kinetic and gravitational potential 
energy is conserved.

Projectile Motion
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FREE FALL

The kinetic energy at the end of a 
fall is equal to the potential energy 
at the beginning.
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The Work-Energy Theorem

The total potential and kinetic energy of an object in a 
given state is equal to the work that was done to bring 
the object to that state.
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Example Problems


