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Potential energy

phys 101سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية

8.1 Potential Energy of a System

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

above the ground to a final height 𝑦𝑓as in Figure.

then the only force that does work on the brick as it falls

is the gravitational force exerted on the mass ( mg ) .

The work Wg 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 (1)



10/31/2015

2

8.1 Potential Energy of a System

The gravitational potential energy 𝑈𝑔:

𝑈𝑔 = 𝑚𝑔𝑦 (2)  

• 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, Equation (1) can 
now be rewritten as:

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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8.2 Analysis Model: Isolated System (Energy)

• 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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The work done on the book alone by the gravitational force (Fig.) as the book falls 
back to its original height. As the book falls from yi to yf , the work done by the 
gravitational force on the book is

𝑊𝑜𝑛 𝑏𝑜𝑜𝑘 = 𝑚 Ԧ𝑔 ∙ (∆Ԧ𝑟) = −𝑚𝑔 Ƹ𝑗 ∙ 𝑦𝑓 − 𝑦𝑖 Ƹ𝑗 = 𝑚𝑔𝑦𝑖 −𝑚𝑔𝑦𝑓
From the work–kinetic energy theorem , the work done on the book is equal to 
the change in the kinetic energy of the book:

𝑊𝑜𝑛 𝑏𝑜𝑜𝑘= ∆𝐾𝑏𝑜𝑜𝑘
We can equate these two expressions for the work done on the book:

∆𝐾𝑏𝑜𝑜𝑘 =𝑚𝑔𝑦𝑖 −𝑚𝑔𝑦𝑓 (3)
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8.2 Analysis Model: Isolated System (Energy)

Let us now relate each side of this equation to the system of the 
book and the Earth. For the right-hand side,

where 𝑈𝑔= 𝑚𝑔𝑦 is the gravitational potential energy of the

system. For the left-hand side of Equation (3), because the book is
the only part of the system that is moving, we see that∆𝐾𝑏𝑜𝑜𝑘
= ∆𝐾, where 𝐾 is the kinetic energy of the system. Therefore, with
each side of Equation (3) replaced with its system equivalent, the
equation becomes

∆𝐾 = −∆𝑈𝑔 (4)
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8.2 Analysis Model: Isolated System (Energy)

We move the change in potential energy to the left side of
the equation:

∆𝐾 + ∆𝑈𝑔 = 0 (5)

The left side represents a sum of changes of the energy stored in the system. 
The right-hand side is zero because there are no transfers of energy across 
the boundary of the system; the book–Earth system is isolated from the 
environment.

𝐸𝑚𝑒𝑐 = 𝐾 + 𝑈𝑔
Let us now write the changes in energy in Equation (5) explicitly:

𝐾𝑓 + 𝑈𝑓 = 𝐾𝑖 + 𝑈𝑖 (6)
The total mechanical energy is conserved and remains the same at all times
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8.3 Conservative and Nonconservative Forces:

Conservative Forces
A force is called “conservative” if the work done (in going from A 
to B) is the same for all paths from A to B.

An equivalent definition:

For a conservative force, the work done on any closed path is 
zero. 

* The work depends only upon the initial and 
final positions of the object
* Any conservative force can have a potential 
energy function associated with it
Work done by gravity

path 1

path 2

A

B

W1 = W2

Total work is zero.
fifig mgymgyUUW 
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8.3 Conservative and 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)

8.4 Changes in Mechanical Energy

for Nonconservative Forces
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8.4 Changes in Mechanical Energy

for Nonconservative Forces
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8.4 Changes in Mechanical Energy

for Nonconservative Forces
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