Chapter 8: 
Potential Energy
8.1 Potential Energy of a System

This kind of energy can only be associated with specific types of forces called conservative forces which will be discussed later. One example of these forces is the gravitational force between two objects. 

If we lift an abject of mass m from an initial height ya above the surface of the Earth to a final height yb, the work done by the upward applied force (assumed to be constant and equal in magnitude to the weight of the object) on the system (object and Earth) is:
W = Fapp ∙ ∆r = (mg j) ∙ [(yb - ya) j] = mgyb - mgya
The quantity mgy is identified as the gravitational potential energy Ug ; thus,
W= ∆U

This means that the work done on the system appears as a change in its gravitational potential energy which depends only on the vertical height of the object above the surface of the Earth.
Problem 2 (page 240):
A 400-N child is in a swing that is attached to ropes 2.00 m long. Find the gravitational potential energy of the child–Earth system relative to the child’s lowest position when:

(a) the ropes are horizontal, (b) the ropes make a 30.0° angle with the vertical, and (c) the child is at the bottom of the circular arc.
8.2 The Isolated System–Conservation of Mechanical Energy
As we discussed in the previous section, after lifting an object from ya above the surface of the Earth to a final height yb there is gravitational potential energy stored in the system. If we release the object to drop to its original height (ya) the work done by the gravitational force on the object is:
Won object = mg ∙ ∆r = (- mg j) ∙ [(ya – yb) j] = mgyb – mgya
From chapter seven the work done on the object is equal to the change in its kinetic energy:
Won object = ∆Kobject
Consequently,                          ∆Kobject =  mgyb – mgya
∆Kobject = - ( Ua – Ub ) = - ∆Ug
(Ua=Uf   and UB =Ui) 
This means, for an isolated system (object-Earth)   ∆K +∆Ug =  0
(Kf - Ki) + (Uf - Ui) = 0
Kf +Uf = Ki + Ui
The sum of kinetic and potential energies is defined as mechanical energy:

Emech = K+ U
where U represents the total of all types of potential energy (gravitational potential energy or elastic potential energy, which will be discussed later)
Quick Quiz 8.5: A rock of mass m is dropped to the ground from a height h. A second rock, with mass 2m, is dropped from the same height. When the second rock strikes the ground, its kinetic energy is (a) twice that of the first rock (b) four times that of the first rock (c) the same as that of the first rock (d) half as much as that of the first rock (e) impossible to determine.
Quick Quiz 8.6: Three identical balls are thrown from the top of a building, all with the same initial speed. The first is thrown horizontally, the second at some angle above the horizontal, and the third at some angle below the horizontal. Neglecting air resistance, rank the speeds of the balls at the instant each hits the ground.
Elastic Potential Energy

This is another type of potential energy. As discussed in the previous chapter, the work done by an applied (external) force on a block–spring system is:
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The elastic potential energy stored in a stretched or compressed spring is 
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This stored elastic potential energy is transformed into kinetic energy of the block when the spring returns to its original length.

Example 8.2

A ball of mass m is dropped from a height h above the ground.

A) Neglecting air resistance, determine the speed of the ball when it is at a height y above the ground.

B) Determine the speed of the ball at y if at the instant of release it already has an initial upward speed vi at the initial altitude h.

Example 8.3

A pendulum consists of a sphere of mass m attached to a light cord of length L, as shown in the following figure. The sphere is released from rest at point (a) when the cord makes an angle θA with the vertical, and the pivot at P is frictionless. 
(A) Find the speed of the sphere when it is at the lowest point (B).

(B) What is the tension TB in the cord at (B)?
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Example 8.5
When the spring of the gun (shown below) is compressed 0.120 m, the gun is able to launch a 35.0-g projectile to a maximum height of 20.0 m above the position of the projectile before firing (when fired vertically).
A) Determine the spring constant (ignore all resistive forces, such as air)
B) Find the speed of the projectile as it moves through the equilibrium position of the spring (where xB = 0.120m). 
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Conservative and Nonconservative Forces
Conservative forces:
· The work done by this kind of forces on a particle does not depend on the path taken by the particle (depends only on the initial and final points).

· This means the work done by this kind of forces on a particle moving through a closed path (the beginning and end points are the same) is zero.
· A conservative force does not change the mechanical energy of the system, where Emech = K+ U
Examples of such forces are the gravitational force and the spring force.

Nonconservative Forces

Unlike conservative forces, when nonconservative forces act on a system they change its mechanical energy. In addition, they depend on the path taken by the particle. The friction force is an example of this kind of forces.
Relationship between conservative forces and potential energy

As the work done by a conservative force on a particle depends only on the particle’s initial and final positions, this work equals the negative of the change in the potential energy associated with that force (the change in the potential is negative when the force and displacement are in the same direction):
Let us say the particle moves along the x direction:
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For infinitesimal change in the potential energy of the system 

dU = -Fx dx
thus,
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In three dimensions  

[image: image7.wmf]k

z

U

j

y

U

i

x

U

F

ˆ

ˆ

ˆ

¶

¶

-

¶

¶

-

¶

¶

-

=

r


Can you check this relationship for the gravitational force and the spring force?  
Problem 42 (page 244): 

A potential-energy function for a two-dimensional force is of the form U = 3x3y - 7x. Find the force that acts at the point (x, y).
Changes in Mechanical Energy for Nonconservative Forces
Consider an object slides down a ramp. If the ramp is a frictionless there will be no change in the mechanical energy of the system; thus, 

∆K +∆U =  0
Whereas, if the surface is not a frictionless the kinetic friction force will change the mechanical energy by –fkd (where d is the distance the object travels along the incline) therefore,

∆K +∆U =  - fkd

 Example 8.6:
A 3.00-kg crate slides down a ramp as shown in the following figure. The crate experiences a constant friction force of magnitude 5.00 N. Determine the speed of the crate at the bottom of the ramp.
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This example can be solved with energy methods or Newton’s laws.
Some problems cannot be solved easily with Newton’s laws; thus, we need the energy methods to solve them (see the following example).

Example 8.7:
[image: image9.emf]
Example 8.9:

A block having a mass of 0.80 kg is given an initial velocity vA = 1.2 m/s to the right and collides with a spring of negligible mass and force constant k = 50 N/m.
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Try to solve these problems (10,11,17,23,24,31,33,57) (p241-247) 
The child in the picture with mass (m) starts from rest at the top of the slid 





Determine his speed at the bottom, assuming no friction is present.


 If a force of kinetic friction acts on the child, how much mechanical energy does the system lose? Assume that vf= 3 m/s and m= 20 kg.





A) Assuming the surface to be frictionless, calculate the maximum compression of the spring after the collision.


 


B) Suppose a constant force of kinetic friction acts between the block and the surface, with µk = 0.5. If the speed of the block at the moment it collides with the spring is vA = 1.2 m/s, what is the maximum compression xC in the spring?
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