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After studying this chapter, you will be able to:

 8-1 POTENTIAL ENERGY

 Calculate the gravitational potential energy of a particle (or, more properly, a particle–Earth 

system).

 Calculate the elastic potential energy of a block–spring system.

 8-2 CONSERVATION OF MECHANICAL ENERGY

 Identify that the mechanical energy of the system is the sum of the kinetic energies and 

potential energies of those objects.

 For an isolated system in which only conservative forces act, apply the conservation of 

mechanical energy to relate the initial potential and kinetic energies to the potential and 

kinetic energies at a later instant.

Learning Outcomes
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Potential energy

• Potential energy is energy that is associated with the 
configuration of a system in which a conservative force acts.

• When the conservative force does work W on a particle within 
the system, the change ∆𝑈 in the potential energy of the 
system is

∆𝑈 = −𝑊

For a conservative force we can write 
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Gravitational Potential Energy

• If the particle moves from height 𝑦𝑖 to height 𝑦𝑓 , the change in the 
gravitational potential energy of the particle–Earth system is

∆𝑈 = 𝑚𝑔 𝑦𝑓 − 𝑦𝑖 = 𝑚𝑔 ∆𝑦

• If the reference point of the particle is set as 𝑦𝑖 = 0 And the 
corresponding gravitational potential energy of the system is set as 𝑈𝑖
= 0, then the gravitational potential energy 𝑈 when the particle is at any 
height 𝑦 is

𝑈 𝑦 = 𝑚𝑔𝑦
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Gravitational Potential Energy

For rising
∆𝑈 = −𝑊𝑔 = 𝑚𝑔𝑑

For Falling
∆𝑈 = −𝑊𝑔 = −𝑚𝑔𝑑
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∆𝑈 = −𝑊𝑔 = −𝑚𝑔𝑑



Elastic Potential Energy

• Elastic potential energy is the energy associated with the state of 
compression or extension of an elastic object. 

• For a spring that exerts a spring force 𝐹 = −𝑘𝑥 when its free end has 
displacement , the elastic potential energy is

∆𝑈 =
1

2
𝑘𝑥𝑓

2 −
1

2
𝑘𝑥𝑖
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• The reference configuration has the spring at its relaxed length, at 
which 𝑥𝑖 = 0 and 𝑈𝑖 = 0.

𝑈 𝑥 =
1

2
𝑘𝑥2
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Conservation of Energy
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principle of conservation of
mechanical energy can be 
applied: 

As a pendulum swings, the 
energy of the pendulum–Earth 
system is transferred back and 
forth between kinetic energy K 
and gravitational potential 
energy U, with the sum K +U 
being constant. 

If we know the gravitational 
potential energy when the 
pendulum bob is at its highest 
point (Fig. 8-7c), the kinetic 
energy of the bob at the lowest 
point (Fig. 8-7e).
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