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Potential energy
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Potential Energy of a System
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• Potential energy is associated with the position of the 

object within some system

• Gravitational Potential Energy is the energy associated 
with the relative position of an
object in space near the Earth’s surface
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Potential Energy of a System

he system is the Earth and the book :

Let us consider a mass ( m ) at an initial height (𝑦𝑖 )

above the ground to a final height 𝑦𝑓as in Figure.

The work W done by the gravitational force as the mass

undergoes a downward displacement (∆Ԧ𝑟 = ∆𝑦 Ƹ𝑗) is
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𝑊𝑒𝑥𝑡 = Ԧ𝐹𝑎𝑝𝑝 ∙ (∆Ԧ𝑟) = 𝑚𝑔 Ƹ𝑗 ∙ 𝑦𝑓 − 𝑦𝑖 Ƹ𝑗 = 𝑚𝑔𝑦𝑓 −𝑚𝑔𝑦𝑖

This quantity is called potential energy:

PE = mgy

Potential Energy of a System

The gravitational potential energy 𝑈𝑔:

𝑈𝑔 = 𝑚𝑔𝑦

• The units of gravitational potential energy are joules, the same as
the units of work and kinetic energy.

• Potential energy, like work and kinetic energy, is a scalar quantity.
Using our definition of gravitational potential energy, we can rewrite :

𝑊𝑒𝑥𝑡 = ∆𝑈𝑔

which describes that the net external work done on the system in this
situation appears as a change in the gravitational potential energy of
the system.
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Potential Energy of a System

• Gravitational potential energy depends only on the

vertical height of the object above the surface of the

Earth.

• In solving problems, you must choose a reference

configuration for which the gravitational potential energy

of the system is set equal to some reference value, which

is normally zero.
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Conservative Forces:

* The work done by a conservative force on a 
particle moving between any two points is 
independent of the path taken by the particle.

* The work done by a conservative force on a 
particle moving through any closed path is zero.

* A closed path is one in which the beginning and 
ending points are the same.

* Examples of conservative forces:

Gravity

Spring force

path 1

path 2

A

B

W1 = W2

Total work is zero.
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Conservative Forces:

This can be done only for conservative forces.

In general:  Wint = - DU

Wint is used as a reminder that the work is done by one member of 

the system on another member and is internal to the system.

* Positive work done by an outside agent on a system causes an 

increase in the potential energy of the system.

* Work done on a component of a system by a conservative force 

internal to an isolated system causes a decrease in the potential 

energy of the system
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Isolated System (Energy)

Isolated systems

• Total energy of the system is constant

• This means that energy cannot be created nor destroyed.

➢ For an isolated system, ∆ Emech = 0

Remember 𝐸𝑚𝑒𝑐 = 𝐾 + 𝑈𝑔
Then ∆𝐾 + ∆𝑈𝑔 = 0

This is conservation of energy for an isolated system with 

conservative forces acting.

➢ The changes in energy can be written out and rearranged.

𝐾𝑓 + 𝑈𝑓 = 𝐾𝑖 + 𝑈𝑖
➢ The total mechanical energy is conserved and remains the same 

at all times
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Nonconservative Forces:

A force is nonconservative if the work it does on an object depends on the 
path taken by the object between its final and starting points.

• The work depends upon the movement path
• For a non-conservative force, potential energy can NOT be defined
• As the book moves through a distance d, the only
force that does work on it is the force of kinetic friction.
• This force causes a decrease in the kinetic energy 
of the book. This decrease was calculated

• the mechanical energy of the system changes because 
of the force of kinetic friction
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8.2 Analysis Model: Isolated System (Energy)

conservative force

e.g : Fg = mg

Nonconservative force

e.g : fs = μs n

acts on an isolated system acts on a non-isolated system

Caused no change of a mechanical energy

ΔEmech = 0

Ef,mech = E i,mech

Caused a change in a mechanical energy

ΔEmech = Eint

ΔEmech = - fs. d

Ef,mech ≠ E i,mech

E mech = K + U

ΔE mech = ΔK + ΔU =0

Ef,mech = E i,mech + Eint

ΔE mech = ΔK + ΔU = - fs. d

ΔK = - ΔU

Wnet = ΔK

Wnet = - ΔU

Wnet = ΔE mech = ΔK + ΔU = - fs. d
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A spring has potential energy, called 

elastic potential energy, when it is 

compressed. The force required to 

compress or stretch a spring is:

where k is called the spring constant.

The potential energy is:

Elastic Potential Energy
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Example
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Example
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Example
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This simple pendulum consists of a small sphere of mass m attached to a massless cord of length l. 

The sphere is released from rest (without a push) at t = 0, where the cord makes an angle θ to the 

vertical.

Find the speed of the sphere when it is at the lowest point B.
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Power
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Power is the time rate of energy transfer.

The instantaneous power is defined as 

Using work as the energy transfer method, this can 

also be written as

The SI unit of power is called the watt.
1 watt = 1 joule / second = 1 kg . m2 / s3
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