
Chapter 10. Energy 
This pole vaulter can lift 
herself nearly 6 m (20 ft) off 
the ground by transforming 
the kinetic energy of her run 
into gravitational potential 
energy. 
Chapter Goal: To introduce 
the ideas of kinetic and 
potential energy and to learn 
a new problem-solving 
strategy based on 
conservation of energy. 

1 



Topics: 
•  A “Natural Money” Called Energy   
•  Kinetic Energy and Gravitational Potential 

Energy   
•  A Closer Look at Gravitational Potential 

Energy   
•  Restoring Forces and Hooke’s Law  
•  Elastic Potential Energy  
•  Energy Diagrams  

Chapter 10.1-5 Energy 
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Energy is a physical quantity 
with properties somewhat 
similar to 

A.  money. 
B.  heat. 
C.  a liquid. 
D.  work. 
E.  momentum. 
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Energy is a physical quantity 
with properties somewhat 
similar to 

A.   money. 
B.  heat. 
C.  a liquid. 
D.  work. 
E.  momentum. 
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Hooke’s law describes the force of 

A.  gravity. 
B.  a spring. 
C.  collisions. 
D.  tension. 
E.  none of the above. 
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Hooke’s law describes the force of 

A.  gravity. 
B.  a spring. 
C.  collisions. 
D.  tension. 
E.  none of the above. 
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Learning Objectives 

•  Understand and use the concepts of kinetic and 
potential energy 

•  Use energy bar graphs 
•  Use and interpret energy diagrams 
•  Solve problems using the law of conservation 

of mechanical energy 
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Money-Energy Analogy 

From the Parable of the Lost Penny 
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Money—Energy Analogy 

From the law of conservation of energy 
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Kinetic and Potential Energy 
There are two basic forms of energy.  Kinetic energy is an 
energy of motion 

Gravitational potential energy is an energy of position 

The sum K + Ug is not changed when an object is in 
freefall. Its initial and final values are equal 
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Kinetic and Potential Energy 
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EXAMPLE 10.1 Launching a pebble 

QUESTION: 
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EXAMPLE 10.1 Launching a pebble 
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EXAMPLE 10.1 Launching a pebble 
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EXAMPLE 10.1 Launching a pebble 
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Energy Bar Charts 
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Energy Bar Charts – for problem solving 
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Rank in order, 
from largest to 
smallest, the 
gravitational 
potential energies 
of balls 1 to 4. 

A. (Ug)1 > (Ug)2 = (Ug)4 > (Ug)3 
B. (Ug)4 > (Ug)3 > (Ug)2 > (Ug)1 
C. (Ug)1 > (Ug)2 > (Ug)3 > (Ug)4  
D. (Ug)4 = (Ug)2 > (Ug)3 > (Ug)1 
E.  (Ug)3 > (Ug)2 = (Ug)4 > (Ug)1 
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Rank in order, 
from largest to 
smallest, the 
gravitational 
potential energies 
of balls 1 to 4. 

A. (Ug)1 > (Ug)2 = (Ug)4 > (Ug)3 
B. (Ug)4 > (Ug)3 > (Ug)2 > (Ug)1 
C. (Ug)1 > (Ug)2 > (Ug)3 > (Ug)4  
D. (Ug)4 = (Ug)2 > (Ug)3 > (Ug)1 
E. (Ug)3 > (Ug)2 = (Ug)4 > (Ug)1 
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The Zero of Potential Energy 

•  You can place the origin of your coordinate system, and    
thus the “zero of potential energy,” wherever you choose    
and be assured of getting the correct answer to a problem.   

•  The reason is that only ΔU has physical significance, not   
Ug itself. 
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The Zero of Potential Energy 



The Zero of Potential Energy 
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The Zero of Potential Energy 
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EXAMPLE 10.3 The speed of a sled 

QUESTION: 

27 



EXAMPLE 10.3 The speed of a sled 
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A small child slides down the four frictionless slides A–D. 
Each has the same height. Rank in order, from largest to 
smallest, her speeds vA to vD at the bottom. 

A.  vC > vA = vB > vD  
B.  vC > vB > vA > vD  
C.  vD > vA > vB > vC  
D.  vA = vB = vC = vD  
E.   vD > vA = vB > vC  
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A small child slides down the four frictionless slides A–D. 
Each has the same height. Rank in order, from largest to 
smallest, her speeds vA to vD at the bottom. 

A.  vC > vA = vB > vD  
B.  vC > vB > vA > vD  
C.  vD > vA > vB > vC  
D.   vA = vB = vC = vD  
E.   vD > vA = vB > vC  
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EXAMPLE 10.3 The speed of a sled 
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EXAMPLE 10.3 The speed of a sled 
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EXAMPLE 10.3 The speed of a sled 
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Conservation of Mechanical Energy 
The sum of the kinetic energy and the potential energy of a 
system is called the mechanical energy. 

Here, K is the total kinetic energy of all the particles in the 
system and U is the potential energy stored in the system. 
The kinetic energy and the potential energy can change, as 
they are transformed back and forth into each other, but 
their sum remains constant.  
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The Basic Energy Model 

1)  Kinetic energy is associated with the motion of a particle. 
Potential energy is associated with its position 

2)  Kinetic energy can be transformed into potential energy 
& potential energy can be transformed into kinetic energy 

3)  Under some circumstances mechanical energy –  
 Emech = K + U is conserved 
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A box slides along the frictionless surface shown in the 
figure. It is released from rest at the position shown. Is 
the highest point the box reaches on the other side at 
level a, at level b, or level c? 

A. At level a 
B. At level b 
C. At level c 
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A box slides along the frictionless surface shown in the 
figure. It is released from rest at the position shown. Is 
the highest point the box reaches on the other side at 
level a, at level b, or level c? 

A. At level a 
B. At level b 
C. At level c 
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Ballistic Pendulum 

39 

•  A 10 g bullet is fired 
into a 1200 g wood 
block hanging from a 
150 cm long string. 
The bullet embeds 
itself in the wood and 
block swings out to an 
angle of 40o. What is 
the speed of the bullet? 
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Hooke’s Law 
If you stretch a rubber band, a force appears that tries to pull 
the rubber band back to its equilibrium, or unstretched, 
length. A force that restores a system to an equilibrium 
position is called a restoring force. If s is the position of the 
end of a spring, and se is the equilibrium position, we define 
Δs = s – se.  If (Fsp)s is the s-component of the restoring force, 
and k is the spring constant of the spring, then Hooke’s Law 
states that 

The minus sign is the mathematical indication of a restoring 
force. 42 



Hooke’s Law 
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The graph shows force 
versus displacement for 
three springs. Rank in 
order, from largest to 
smallest, the spring 
constants k1, k2, and k3. 

A.  k1 > k3 > k2 

B.  k3 > k2 > k1 

C.  k1 = k3 > k2 

D.  k2 > k1 = k3 

E.   k1 > k2 > k3 
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The graph shows force 
versus displacement for 
three springs. Rank in 
order, from largest to 
smallest, the spring 
constants k1, k2, and k3. 

A.  k1 > k3 > k2 

B.  k3 > k2 > k1 

C.  k1 = k3 > k2 

D.  k2 > k1 = k3 

E.  k1 > k2 > k3 
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Elastic Potential Energy 

Consider a before-and-after 
situation in which a spring 
launches a ball.  The compressed 
spring has “stored energy,” 
which is then transferred to the 
kinetic energy of the ball.  We 
define the elastic potential 
energy Us of a spring to be 
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EXAMPLE 10.6 A spring-launched plastic 
ball 

QUESTION: 
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EXAMPLE 10.6 A spring-launched plastic 
ball 
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EXAMPLE 10.6 A spring-launched plastic 
ball 
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EXAMPLE 10.6 A spring-launched plastic 
ball 
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EXAMPLE 10.6 A spring-launched plastic 
ball 
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EXAMPLE 10.6 A spring-launched plastic 
ball 
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Spring launched satellite: A 2.0 kg payload is placed on top of  
a very stiff 2.0 m long spring with spring constant 50,000 N/m. 
The spring is winched down to a length of 80 cm. How high does 
the payload go? 



A spring-loaded gun shoots a plastic 
ball with a speed of 4 m/s. If the spring 
is compressed twice as far, the ball’s 
speed will be 

A.  1 m/s. 
B.  2 m/s. 
C.  4 m/s. 
D.  8 m/s. 
E. 16 m/s. 
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A spring-loaded gun shoots a plastic 
ball with a speed of 4 m/s. If the spring 
is compressed twice as far, the ball’s 
speed will be 

A.  1 m/s. 
B.  2 m/s. 
C.  4 m/s. 
D.   8 m/s. 
E. 16 m/s. 
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A roller coaster car on 
a frictionless track 
shown in figure starts 
from rest at height h. 
The track’s valley and 
hill consist of circular 
shaped segments of 
radius R. 
What is the maximum 
height hmax from which 
the car can start so as 
to not fly off the track 
when going over the 
hill? 
Evaluate hmax for a 
roller coaster that has 
R = 10 m. 56 



General Principles 
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General Principles 
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Important Concepts 
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Important Concepts 
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Applications 
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A particle with the potential energy shown in the graph 
is moving to the right. It has 1 J of kinetic energy at x = 
1 m. Where is the particle’s turning point? 

A.  x = 1 m 
B.  x = 2 m 
C.  x = 5 m 
D.  x = 6 m 
E.  x = 7.5 m 
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A particle with the potential energy shown in the graph 
is moving to the right. It has 1 J of kinetic energy at x = 
1 m. Where is the particle’s turning point? 

A.  x = 1 m 
B.  x = 2 m 
C.  x = 5 m 
D.   x = 6 m 
E.  x = 7.5 m 
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Elastic Collisions 
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Elastic Collisions 
Consider a head-on, perfectly elastic collision of a ball of 
mass m1 having initial velocity (vix)1, with a ball of mass m2 
that is initially at rest. The balls’ velocities after the collision 
are (vfx)1 and (vfx)2.These are velocities, not speeds, and have 
signs. Ball 1, in particular, might bounce backward and have 
a negative value for (vfx)1. 
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Elastic Collisions 
Consider a head-on, perfectly elastic collision of a ball of 
mass m1 having initial velocity (vix)1, with a ball of mass m2 
that is initially at rest. 

The solution, worked out in the text, is 
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Tactics: Analyzing elastic collisions 
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Applications 
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A perfectly elastic collision is a collision  

A.  between two springs. 
B.  that conserves thermal energy. 
C.  that conserves kinetic energy. 
D.  that conserves potential energy. 
E.  that conserves mechanical energy. 
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A perfectly elastic collision is a collision  

A.  between two springs. 
B.  that conserves thermal energy. 
C.  that conserves kinetic energy. 
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E.  that conserves mechanical energy. 
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Energy Diagrams 
A graph showing a system’s potential energy and total energy 
as a function of position is called an energy diagram. 
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Energy Diagrams 
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Tactics: Interpreting an energy diagram 
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Tactics: Interpreting an energy diagram 
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Important Concepts 
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