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•  Exam 1  
•  relax 
•  Ch. 2-4, 5.1-6 
•  mix of multiple choice & short answer 

•  partial credit on latter is possible with work shown 

•  probably 10 MC and 5 short answer 
•  will get a formula sheet 

•  Use school email in MasteringPhysics! 
•  grade sorting is difficult … 
•  please go in and set email to your crimson account 

© 2015 Pearson Education, Inc. 

Various & Sundry 
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Chapter Goal: To continue a theoretical analysis of 
motion using the concept of energy. 

© 2015 Pearson Education, Inc. 

Chapter 5: Energy 
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•  The energy of an object associated with its motion is called 
kinetic energy. 

 
 
 
 
 
 

  
 
•  You will learn that the kinetic energy is a scalar quantity and is 

independent of the direction of motion. 

© 2015 Pearson Education, Inc. 

Chapter 5 Preview 
Looking Ahead: Kinetic Energy 
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Chapter 5 Preview 
Looking Ahead: Relative velocity and collisions 

•  When two objects 
collide, the velocity of 
one object relative to the 
other is called the 
relative velocity. 

•  Elastic collisions occur 
when the relative 
velocity of the colliding 
objects remains 
unchanged. 

•  Inelastic collisions 
occur when the relative 
velocity of the colliding 
objects decreases. 



Slide 5-6 © 2015 Pearson Education, Inc. 

Chapter 5 Preview 
Looking Ahead: Relative velocity and collisions 

•  Totally inelastic 
collisions occur when the 
relative velocity after the 
collision is zero. 

•  I.e., objects stick together 



Slide 5-7 

•  The law of conservation of energy states that energy can be 
transferred from one object to another or converted from one form to 
another, but it cannot be created or destroyed. 

 
 
 
 
 
 
 
 
•  You will learn to identify the types of energy a system has and how 

to mathematically represent the law of conservation of energy. 

© 2015 Pearson Education, Inc. 

Chapter 5 Preview 
Looking Ahead: Conservation of energy 
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Chapter 5 Preview 
Looking Back: Systems 

•  Most physical situations deal not 
just with a single object but also 
with a number of objects that 
interact with each other. 

•  It is useful in the analysis of these 
situations to separate the principle 
objects of interest (the system) from 
the rest of the universe  
(the environment). 

•  You learned how to pick the system 
and its environment depending on 
the underlying physics of interest. 

 
 
 
 
 



Slide 5-9 

•  The ability of an object to 
affect the motion of other 
objects in a collision is 
quantified by a concept called 
momentum. 

•  Momentum depends on an 
object’s amount of matter 
(inertia) and how fast it is 
moving (velocity). 

•  You learned how to calculate 
momentum for individual 
objects and systems of 
interacting objects. 

 
 
 
 
 

© 2015 Pearson Education, Inc. 

Chapter 5 Preview 
Looking Back: Momentum 
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•  For isolated systems (that have no external influences), the 
momentum of the system obeys an important general 
principle. 

•  The momentum of an isolated system does not change: 
Momentum is conserved. 

•  You learned how to apply the conservation of momentum in 
order to predict the kinematics of interacting objects. 

© 2015 Pearson Education, Inc. 

Chapter 5 Preview 
Looking Back: Conservation of Momentum 



Slide 5-11 

Concepts 

© 2015 Pearson Education, Inc. 

Chapter 5: Energy 
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•  Below are the vx(t) curves for two carts colliding.  
•  Notice that the velocity differences before and after collisions 

are highlighted.  
•  Relative velocity of the carts:  

                         is the velocity of cart 2 relative to cart 1. 
•  Relative speed of the carts:  

                          is the speed of cart 2 relative to cart 1. 

© 2015 Pearson Education, Inc. 

Section 5.1: Classification of collisions 

  

υ12 ≡
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 Two cars are moving along a highway with neither one 
accelerating. Is their relative speed equal to the difference 
between their speeds? Why or why not? 
 
 
Not the same, since speed doesn’t take into account direction, it is 
just a number.  
 
relative speed is 
difference in speeds is v2-v1  
 
note the use of the “12” subscript to denote relative velocity 

© 2015 Pearson Education, Inc. 

Checkpoint 5.1 

5.1 

  

υ12 ≡


υ2 −


υ1
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•  Elastic collision: A collision in which the relative 
speeds before and after the collision are the same.  

 
•  Inelastic collision: A collision in which the relative 

speed after the collision is lower than before the 
collision.  

 
•  Totally inelastic collision: A special type of inelastic 

collision in which the two objects move together after 
the collision so that their relative speed is reduced to 
zero. 

© 2015 Pearson Education, Inc. 

Section 5.1: Classification of collisions 
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 (a) An outfielder catches a baseball. Is the collision 
between ball and glove elastic, inelastic, or totally inelastic?  

 totally inelastic, relative speed after is zero 
(b) When a moving steel ball 1 collides head-on with a steel ball 
2 at rest, ball 1 comes to rest and ball 2 moves away at the initial 
speed of ball 1. Which type of collision is this?  

 elastic, relative speed is unchanged 
(c) Is the sum of the momenta of the two colliding objects 
constant in part a? In part b? 

 only depends on whether interactions are outside system 
 a – glove interacts with player, non-isolated, sum not constant 
 b – ignoring friction, isolated, sum constant 

© 2015 Pearson Education, Inc. 

Checkpoint 5.2 

5.2 
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Exercise 5.1 Classifying collisions 

© 2015 Pearson Education, Inc. 

Section 5.1: Classification of collisions 

Are the following collisions elastic, inelastic, or totally 
inelastic?  
 
(a) A red billiard ball moving at vr x,i = +2.2 m/s hits a 
white billiard ball initially at rest.  
 
After the collision, the red ball is at rest and the white 
ball moves at vw x,f = +1.9 m/s. 
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Exercise 5.1 Classifying collisions (cont.) 

© 2015 Pearson Education, Inc. 

Section 5.1: Classification of collisions 

SOLUTION  
(a) The initial relative speed is  

 vwr,i = |vr x,i  – vw x,i| = | +2.2 m/s – 0| = 2.2 m/s 
 

the final relative speed is  
 

 vwr,f = | vr x,f – vw x,f  | = |0 – 1.9 m/s| = 1.9 m/s 
 

Final is lower than the initial, which means the collision 
is inelastic.✔ 
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Exercise 5.1 Classifying collisions (cont.) 

© 2015 Pearson Education, Inc. 

Section 5.1: Classification of collisions 

(b) Cart 1 moving along a track at v1x,i = +1.2 m/s hits 
cart 2 initially at rest.  
 
After the collision, the two carts move at v1x,f = +0.4 m/s 
and v2x,f = +1.6 m/s.  
 
(c) A piece of putty moving at vp x,i = +22 m/s hits a 
wooden block moving at vb x,i = +1.0 m/s. After the 
collision, the two move at vx,f = +1.7 m/s. 
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Exercise 5.1 Classifying collisions (cont.) 

© 2015 Pearson Education, Inc. 

Section 5.1: Classification of collisions 

SOLUTION  
(b)  
v12i = |v2x,i – v1x,i| = |0 – (+1.2 m/s)| = 1.2 m/s;  
 
v12f = |v2x,f  – v1x,f | = | + 1.6 m/s – (+0.4 m/s)| = 1.2 m/s.  
 
Because the relative speeds are the same, the collision is 
elastic.✔ 
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Exercise 5.1 Classifying collisions (cont.) 

© 2015 Pearson Education, Inc. 

Section 5.1: Classification of collisions 

SOLUTION  
 
(c) After the collision, both the putty and the block 
travel at the same velocity, making their relative speed 
zero.  
 
It was obviously not zero before the collision.  
 
The collision is totally inelastic.✔ 
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Section Goals 

© 2015 Pearson Education, Inc. 

Section 5.2: Kinetic energy 

You will learn to 
•  Quantify the energy due to the motion of an object. 
•  Recognize that kinetic energy is a scalar quantity. 
•  Calculate the kinetic energy of an object from its 

inertia and speed. 
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•  The quantity, K = ½mv2 is called kinetic energy of the object, 
that is, “energy” associated with motion. 

•  Let us calculate the kinetic energy of the carts before and after 
the collisions (elastic collision and a totally inelastic collision) 
shown in the figure. 

© 2015 Pearson Education, Inc. 

Section 5.2: Kinetic energy 
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•  Table 5.1 gives the initial and final kinetic energies.  
•  In general we observe: 

In an elastic collision, the sum of the kinetic 
energies of the object before is the same as the sum 
of kinetic energies after the collision. 

© 2015 Pearson Education, Inc. 

Section 5.2: Kinetic energy 
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 Is kinetic energy an extensive quantity? 
 
 
Yes – it depends on the system size. Say an object has two parts, 
1 and 2. The total kinetic energy is 
 
K = ½(m1+m2)v2 

 
this is equal to the sum of the kinetic energies of the two parts 
 
K = K1 + K2 = ½m1v2 + ½m2v2 

 

© 2015 Pearson Education, Inc. 

Checkpoint 5.3 

5.3 
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•  Because kinetic energy is a scalar extensive quantity, 
bar diagrams are a good way to visually represent 
changes in this quantity.  

•  Reinforces the main idea: bookkeeping 
•  Diagrams below from previous collisions 

© 2015 Pearson Education, Inc. 

Section 5.2: Kinetic energy 
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Example 5.2 Carts colliding 

© 2015 Pearson Education, Inc. 

Section 5.2: Kinetic energy 

(a) Is the collision in figure below elastic, inelastic, or 
totally inelastic? How can you tell? (b) Verify your 
answer by comparing the initial kinetic energy of the 
two-cart system with the final kinetic energy. 
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Example 5.2 Carts colliding (cont.) 

© 2015 Pearson Education, Inc. 

Section 5.2: Kinetic energy 

❶ GETTING STARTED It looks as if the initial and 
final relative speeds are the same, which makes the 
collision elastic. The problem asks me to confirm this 
fact by calculating the initial and final kinetic energies 
of the system. 
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Example 5.2 Carts colliding (cont.) 

© 2015 Pearson Education, Inc. 

Section 5.2: Kinetic energy 

❷ DEVISE PLAN To answer part a, I need to determine the 
initial and final relative speeds of the carts from the velocities, 
which I get from graph a: v1x,i = 0; v2x,i = +0.34 m/s; v1x,f = +0.17 
m/s; v2x,f = –0.17 m/s.  
To answer part b, I use K=½mv2. The inertias of the carts are 
given in the figure caption: m1 = 0.36 kg and m2 = 0.12 kg. 
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Example 5.2 Carts colliding (cont.) 

© 2015 Pearson Education, Inc. 

Section 5.2: Kinetic energy 

❸ EXECUTE PLAN (a) v12i = |v2x,I-v1x,i | = |(+0.34 m/s) – 0| = 0.34 m/s;  
 v12f = |v2x,f –v1x,f | = |(–0.17 m/s) – (+0.17 m/s)| = 0.34 m/s.  

The relative speed is unchanged, and thus the collision is elastic.✔ 
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Example 5.2 Carts colliding (cont.) 

© 2015 Pearson Education, Inc. 

Section 5.2: Kinetic energy 

❸ EXECUTE PLAN (b) The initial values are 
 
 
 
 
so                Ki = K1i + K2i = 0.0069 kg - m2/s2.✔ 

  K1i =
1
2 m1υ1i

2 = 1
2 (0.36 kg)(0)2 = 0

  K2i =
1
2 m2υ2i

2 = 1
2 (0.12 kg)(0.34 m/s)2 = 0.0069 kg ⋅m2/s2
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Example 5.2 Carts colliding (cont.) 

© 2015 Pearson Education, Inc. 

Section 5.2: Kinetic energy 

❸ EXECUTE PLAN The final values are 
 
 
 
 
so                Kf = (0.0052 kg - m2/s2) + (0.0017 kg - m2/s2) 
 
                        = 0.0069 kg - m2/s2, 
which is the same as before the collision, as it should be for an 
elastic collision.✔ 

  K1f =
1
2 m1υ1f

2 = 1
2 (0.36 kg)(0.17 m/s)2 = 0.0052 kg ⋅m2/s2

  K2f =
1
2 m2υ2f

2 = 1
2 (0.12 kg)(−0.17 m/s)2 = 0.0017 kg ⋅m2/s2
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Example 5.2 Carts colliding (cont.) 

© 2015 Pearson Education, Inc. 

Section 5.2: Kinetic energy 

❹ EVALUATE RESULT Because I’ve reached the 
same conclusion—the collision is elastic—using two 
approaches, I can be pretty confident that my solution is 
correct. 
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 A moving cart collides with an identical cart initially at 
rest on a low-friction track, and the two lock together. What 
fraction of the initial kinetic energy of the system remains in this 
totally inelastic collision? 
 
Conservation of momentum: 

 mvi = (2m)vf 

 vf = ½vi 

 Initial K 
 Ki = ½mvi

2 

 Final K 
 Kf = ½(2m)vf

2 =  ¼mvi
2 = ½Ki   

© 2015 Pearson Education, Inc. 

Checkpoint 5.4 

5.4 
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Section Goals 

© 2015 Pearson Education, Inc. 

Section 5.3: Internal energy 

You will learn to 
•  Describe the state of an object by specifying physical 

parameters such as shape and temperature. 
•  Recognize that a process is a physical transformation 

in which an object or a set of objects changes from 
one state to another. 

•  Distinguish reversible from irreversible processes. 
•  Associate an internal energy with the physical state 

of an object. 
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•  In all inelastic collisions, the relative speed changes and 
therefore the total kinetic energy of the system changes.  

•  What happens to this energy?  
•  Does it just appear from nowhere or simply vanish?  
•  Let us answer this question by looking at inelastic 

collisions.  
•  The state of a system is the condition of an object 

completely specified by a set of parameters such as shape 
and temperature. 

•  The transformation of a system from an initial state to a 
final state is called a process. 

© 2015 Pearson Education, Inc. 

Section 5.3: Internal energy 
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•  Inelastic collisions are irreversible processes: The 
changes that occur in the state of the colliding objects 
cannot spontaneously undo themselves. 

© 2015 Pearson Education, Inc. 

Section 5.3: Internal energy 
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•  Elastic collisions are reversible processes: There are 
no permanent changes in the state of the colliding.  

© 2015 Pearson Education, Inc. 

Section 5.3: Internal energy 
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•  Notice in the table below how the change in total kinetic 
energy goes hand in hand with a change in the state.  

•  To explore this connection further let us introduce a new 
quantity called internal energy: 
•  In an inelastic collision one form of energy is converted to 

another form of energy (kinetic to internal). 
•  The sum of kinetic and internal energy remains constant. 

© 2015 Pearson Education, Inc. 

Section 5.3: Internal energy 
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•  Now we can make the following statements about collisions:  
•  Inelastic collision: The states of the colliding objects 

change, and the sum of their internal energies increases by 
an amount equal to the decrease in the sum of their kinetic 
energies.  

•  Any collision: The total energy of a system of two 
colliding objects does not change during the collision. 

© 2015 Pearson Education, Inc. 

Section 5.3: Internal energy 
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•  A change in internal energy is associated with a 
change of state (inelastic collision) 

•  Internal energy must somehow relate to how the 
object is made up 
•  internal energy is a measure of the energy to build 

the object 
•  internal energy is due to the arrangement of (and 

motion of) constituent parts 

© 2015 Pearson Education, Inc. 

Section 5.3: Internal energy 
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 A piece of dough is thrown at a wall and sticks to it. Does 
the internal energy of the dough-wall system increase, decrease, 
or stay the same? 
 
 
Increase – if the kinetic energy goes from (something) to 
(nothing), it had to go somewhere. 

© 2015 Pearson Education, Inc. 

Checkpoint 5.5 

5.5 
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Example 5.3 Internal energy change 

© 2015 Pearson Education, Inc. 

Section 5.3: Internal energy 

•  A 0.2-kg cart 1 initially at rest is struck by an 
identical cart 2 traveling at v2x,i = +0.5 m/s (neglect 
friction)  

•  After the collision, the velocity of cart 2 is reduced to 
v2x,f  = +0.2 m/s.  

(a)  Is the collision elastic, inelastic, or totally inelastic 
(b) By what amount does the internal energy of the two-

cart system change?  
(c) Make a bar diagram showing the initial and final 

kinetic and internal energies of the two carts. 
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Example 5.3 Internal energy change (cont.) 

© 2015 Pearson Education, Inc. 

Section 5.3: Internal energy 

❶ GETTING STARTED I begin by organizing the 
information given in the problem in a sketch  
(Figure 5.6). To classify the collision, I need to 
determine the final relative speed, but the final velocity 
of cart 1 is not given. 
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Example 5.3 Internal energy change (cont.) 

© 2015 Pearson Education, Inc. 

Section 5.3: Internal energy 

❷ DEVISE PLAN  
•  The two-cart system is isolated, and so the 

momentum of the system does not change  
•  I can use this to determine the final velocity of cart 1 

and the final relative speed of the carts.  
•  By comparing the final and initial relative speeds, I 

can determine the type of collision.  
•  With initial and final velocities, I can calculate the 

kinetic energies determine what fraction of the initial 
kinetic energy has been converted to internal energy. 
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Example 5.3 Internal energy change (cont.) 

© 2015 Pearson Education, Inc. 

Section 5.3: Internal energy 

❸ EXECUTE PLAN (a) The initial relative speed is 
|v2x,i – v1x,i| = |(+0.5 m/s) – 0| = 0.5 m/s. 

To determine v1x,f, I apply conservation of momentum 
to the system. The initial momentum of the system is 

(0.2 kg)(+0.5 m/s) + (0.2 kg)(0) = (0.2 kg)(+0.5 m/s) 

and its final momentum is 

(0.2 kg)(+0.2 m/s) + (0.2 kg)(v1x,f). 
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Example 5.3 Internal energy change (cont.) 

© 2015 Pearson Education, Inc. 

Section 5.3: Internal energy 

❸ EXECUTE PLAN Conservation of momentum 
requires these two momenta to be equal: 
 
(0.2 kg)(+0.5 m/s) = (0.2 kg)(+0.2 m/s) + (0.2 kg)(v1x,f) 

 
(+0.5 m/s) = (+0.2 m/s) + v1x,f 

 

v1x,f  = +0.3 m/s.  
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Example 5.3 Internal energy change (cont.) 

© 2015 Pearson Education, Inc. 

Section 5.3: Internal energy 

❸ EXECUTE PLAN The final relative speed is thus 
 

|v2x,f – v1x,f| = |(+0.2 m/s) – (+0.3 m/s)| = 0.1 m/s, 
 

which is different from the initial value. Thus the 
collision is inelastic. (I know that the collision is not 
totally inelastic because the relative speed has not been 
reduced to zero.) ✔ 
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Example 5.3 Internal energy change (cont.) 

© 2015 Pearson Education, Inc. 

Section 5.3: Internal energy 

❸ EXECUTE PLAN (b) The initial kinetic energies are 
K1i = 0 

 
 

so           Ki = K1i + K2i = 0.025 kg - m2/s2. 

 
 
 

  K2i =
1
2 (0.2 kg)(0.5 m/s)2 = 0.025 kg ⋅m2/s2
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Example 5.3 Internal energy change (cont.) 

© 2015 Pearson Education, Inc. 

Section 5.3: Internal energy 

❸ EXECUTE PLAN The final kinetic energies are 
 
 
 

so          Kf = K1f + K2f = 0.013 kg - m2/s2. 

 
 
 

  K2f =
1
2 (0.2 kg)(0.2 m/s)2 = 0.004 kg ⋅m2/s2

  K1f =
1
2 (0.2 kg)(0.3 m/s)2 = 0.009 kg ⋅m2/s2
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Example 5.3 Internal energy change (cont.) 

© 2015 Pearson Education, Inc. 

Section 5.3: Internal energy 

❸ EXECUTE PLAN The kinetic energy of the system 
has changed by an amount  
(0.013 kg - m2/s2) – (0.025 kg - m2/s2) = -0.012 kg - m2/s2  
 
To keep the energy of the system (the sum of its kinetic 
and internal energies) unchanged, the decrease in kinetic 
energy must be made up by an increase in internal energy.  
 
This tells me that the internal energy of the system 
increases by 0.012 kg - m2/s2.✔ 
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Example 5.3 Internal energy change (cont.) 

© 2015 Pearson Education, Inc. 

Section 5.3: Internal energy 

❸ EXECUTE PLAN (c) Bar diagram. The final kinetic 
energy bar is about half of the initial kinetic energy bar. 
Because I don’t know the value of the initial internal 
energy, I set it to zero and make the final internal 
energy bar equal in height to the difference in the 
kinetic energy bars.✔ 
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Example 5.3 Internal energy change (cont.) 

© 2015 Pearson Education, Inc. 

Section 5.3: Internal energy 

❹ EVALUATE RESULT  
 
If the collision were elastic, the velocities of the carts 
would be interchanged and cart 2 would come to a stop. 
So the collision must be inelastic.  
 
Indeed, I found that both the relative speed and the sum 
of the kinetic energies change in the collision, as 
expected for an inelastic collision. 
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Section 5.3: Internal energy 

•  Can extend the idea of internal 
energy to other interactions. We 
assert: 
Energy can be transferred from   
one object to another or  
converted from one form to 
another, but energy cannot be 
destroyed or created.   

•  No observation has ever been found 
to violate this statement known as 
the law of conservation of energy.  
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Section Goal 

© 2015 Pearson Education, Inc. 

Section 5.4: Closed systems 

You will learn to 
•  Recognize that a closed system is one in which no 

energy is transferred to or from it. 
•  Understand that the only energy changes possible in a 

closed system are transformations from one type of 
energy to another. 
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Procedure: Choosing a closed system 

© 2015 Pearson Education, Inc. 

Section 5.4: Closed systems 

•  Any system to or from which no energy is transferred 
is called a closed system. 

•  Pretty much like for momentum  
•  The procedure for choosing a closed system is 

described on the following slides. 
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Procedure: Choosing a closed system 

© 2015 Pearson Education, Inc. 

Section 5.4: Closed systems 

When we analyze energy changes, it is convenient to 
choose a system for which no energy is transferred to or 
from the system (a closed system). To do so, follow this 
procedure: 
1.  Make a sketch showing the initial and final 

conditions of the objects under consideration. 
2.  Identify all the changes in state or motion that occur 

during the time interval of interest. 
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Procedure: Choosing a closed system 

© 2015 Pearson Education, Inc. 

Section 5.4: Closed systems 

3.  Choose a system that includes all the objects 
undergoing these changes in state or motion. Draw a 
dashed line around the objects in your chosen 
system to represent the system boundary. Write 
“closed” near the system boundary to remind 
yourself that no energy is transferred to or from the 
system. 
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Procedure: Choosing a closed system 

© 2015 Pearson Education, Inc. 

Section 5.4: Closed systems 

4.  Verify that nothing in the surroundings of the 
system undergoes a change in motion or state that is 
related to what happens inside the system. 
 

Once you have selected a closed system, you know that 
its energy remains constant. 
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•  To see how this procedure works, let’s look at the setup in the 
figure below: 
•  This figure shows some fuel being burned in a container 

open to the air. 

© 2015 Pearson Education, Inc. 

Section 5.4: Closed systems 



Slide 5-60 

•  Another example is illustrated in the figure below: 
•  Chemical energy stored in the gasoline is converted to 

kinetic energy of the car. 

© 2015 Pearson Education, Inc. 

Section 5.4: Closed systems 
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Exercise 5.4 State changes and internal energy 

© 2015 Pearson Education, Inc. 

Section 5.4: Closed systems 

Choose an appropriate closed system and make a bar 
diagram representing the energy conversions and 
transfers that occur when  
(a)  a pan of water is heated on a propane burner,  
(b)  a cyclist accelerates from rest, and  
(c)  a spring-loaded gun fires a ball of putty. 
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Section 5.4: Closed systems 

Exercise 5.4 State changes and internal energy 
(cont.) 

SOLUTION (a)  
•  Changes in motion: none.  
•  Changes in state: the temperature 

of the water increases, and the 
chemical states of the propane and 
the air change.  

•  Chemical energy is converted to 
thermal energy, and in the process 
energy is transferred from the 
propane to the water. 
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Section 5.4: Closed systems 

Exercise 5.4 State changes and internal energy 
(cont.) 
SOLUTION (b)  
•  Changes in motion: the bicycle and 

the cyclist accelerate.  
•  Changes in state: the chemical state of 

the cyclist changes because setting the 
bicycle in motion requires muscles to 
contract, a physiological process that 
involves a complex series of chemical 
reactions. 

•  Chemical energy is converted to 
kinetic energy of the bicycle & cyclist. 
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Section 5.4: Closed systems 

Exercise 5.4 State changes and internal energy 
(cont.) 

SOLUTION (c)  
•  Changes in motion: the putty is 

accelerated.  
•  Changes in state: spring expands. 
•  As the spring expands, elastic 

energy is converted to kinetic 
energy of the putty. 
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(a)  Can the magnitude of the momentum of an object change 

without a change in the object’s kinetic energy?  
No – changing momentum means changing speed, which 
changes kinetic energy 

(b) Without a change in the object’s energy?  
Yes – The change in KE could be compensated by a change in 
internal energy so the total is constant 

 

(c) What are your answers to parts a and b for a system consisting 
of more than one object? 

Yes in both cases – imagine two carts moving away, then 
reverse one: p changes but not KE or E 

© 2015 Pearson Education, Inc. 

Checkpoint 5.9 
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Consider an isolated object at rest in space. The object 
contains internal energy in some form or another. 
Is it—in principle—possible to convert the internal 
energy to kinetic energy so that the object starts to 
move? 

© 2015 Pearson Education, Inc. 

Chapter 5: Self-Quiz #1 
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Answer 

No. Stuff just doesn’t start moving on its own. 
 
Getting the object to move would violate the law of 
conservation of momentum because the object would 
start with zero momentum                               and end 
with nonzero momentum 

© 2015 Pearson Education, Inc. 
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   (
p = m


υ = m


0 =

0)

   (
p = m


υ).
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When you heat a pot of water on a gas stove, the water 
temperature increases until the water begins to boil. This 
change in thermal state from cool water to hot water is 
due to chemical energy from the burning gas being 
converted to thermal energy of the water.  
 
Once boiling starts, the water temperature stays constant 
until all the water has turned to steam, even though the 
burning gas continues to transfer energy to the water.  
 
While the water is boiling off and becoming steam, what 
becomes of the energy released by the burning gas? 

© 2015 Pearson Education, Inc. 
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Answer 

The energy goes into changing the phase of the water 
from liquid to steam. 
 
This is the latent heat required to change the phase of 
the water. 
 
One part: breaking bonds. 
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An electric fan turns electrical energy into wind energy 
(a form of kinetic energy because it involves moving 
air).  

Suppose a blowing fan is suddenly unplugged. Even 
though the fan no longer receives electrical energy, it 
continues to blow air while the blades slowly come to a 
stop.  

What type of energy is converted to wind energy after 
the fan is unplugged? 

© 2015 Pearson Education, Inc. 
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Answer 

The kinetic energy of the fan blades is converted to 
wind energy. 
 
Even while it is on, electrical energy à kinetic energy 
of blades à kinetic energy of air = wind energy 
 
(And something else was converted to get electrical 
energy. It isn’t like we mine electricity.) 
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Quantitative Tools 

© 2015 Pearson Education, Inc. 
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Section Goals 

You will learn to 
•  Identify elastic collisions from the relative velocity 

of the colliding objects. 
•  Analyze elastic collisions mathematically using the 

laws of momentum and kinetic energy conservation. 

© 2015 Pearson Education, Inc. 
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Section 5.5: Elastic collisions 

Consider two objects colliding as 
shown in figure below. 
•  Relative velocity of cart 2 

relative to cart 1 is  

•  Relative velocity of cart 2 
relative to cart 1 is  

•  For elastic collisions, relative 
speeds before and after the  
collision are the same: 

  

υ12 ≡


υ2 −


υ1

  

υ21 ≡


υ1 −

υ2 = −


υ12

 υ12i =υ12f (elastic collision)
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•  For two objects moving along the x axis, we can write 
the previous equation as 

•  Considering the two colliding carts to be an isolated 
system, the law of conservation of momentum gives 
us 

 
•  Algebraic manipulation of the above equations will 

yield a new constant of motion 

© 2015 Pearson Education, Inc. 
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  υ2x ,i −υ1x ,i = −(υ2x ,f −υ1x ,f ) (elastic collision)

  m1υ1x ,i + m2υ2x ,i = m1υ1x ,f + m2υ2x ,f (isolated system)

  
1
2 m1υ1i

2 + 1
2 m2υ2i

2 = 1
2 m1υ1f

2 + 1
2 m2υ2f

2
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•  The definition of kinetic energy is 

•  Now, we can rewrite: 

  K1i + K2i = K1f + K2f   (elastic collision) 

•  Therefore, for a system of objects undergoing an 
elastic collision, Ki = Kf 

•  The SI unit for kinetic energy is kg · m2/s2.  
•  We give this combination of units the name joule: 1 

kg – m2/s2 = 1 J 
© 2015 Pearson Education, Inc. 
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  K ≡ 1
2 mυ 2

  
1
2 m1υ1i

2 + 1
2 m2υ2i

2 = 1
2 m1υ1f

2 + 1
2 m2υ2f

2
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•  Example 5.5: if you use conservation of both energy 
& momentum for an elastic collision? 

•  Additional constraint, less unknowns, relate final 
velocities to initial velocities 

•  If you know masses and initial velocities, can predict 
final state!  

•  “Elastic collision equations” 
© 2015 Pearson Education, Inc. 
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Example 5.6 Collision and kinetic energy 

A rubber ball of inertia mb = 0.050 kg is fired along a 
track toward a stationary cart of inertia mc = 0.25 kg.  
 
The kinetic energy of the system after the two collide 
elastically is 2.5 J.  
 
(a) What is the initial velocity of the ball?  
(b) What are the final velocities of the ball and the cart? 

© 2015 Pearson Education, Inc. 
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Example 5.6 Collision and kinetic energy 
(cont.) 

❶ GETTING STARTED Organize the problem 
graphically. Choose the x axis in the direction of the 
incoming rubber ball. Only one initial velocity is given. 
I need to determine the other initial velocity and both 
final velocities. 
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Example 5.6 Collision and kinetic energy 
(cont.) 

❷ DEVISE PLAN Because the collision is elastic, I know 
that the kinetic energy of the system doesn’t change, 
which means that the final value (2.5 J) is the same as the 
initial value.  
Because the cart is initially at rest, all of this kinetic 
energy belongs initially to the ball.  
Once I have this information, I know the initial velocities 
of both colliding objects and I can calculate the final 
velocities. 

© 2015 Pearson Education, Inc. 
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Example 5.6 Collision and kinetic energy 
(cont.) 

❸ EXECUTE PLAN (a) K = ½mv2, we know K and m, 
so solve for v: 

Because the ball is initially moving in the positive x 
direction, its initial velocity is given by vb x,i = +10 m/s.✔ 
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υb,i =

2Kb,i

mb

= 2(2.5 J)
0.05 kg

= 10 m/s.
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Example 5.6 Collision and kinetic energy 
(cont.) 

❸ EXECUTE PLAN (b) I can now substitute the two 
initial velocities and the inertias into the elastic collision 
equations. With object 2 initial at rest, they are simpler: 
 
 
 
This gives  

  vb x,f = –6.7 m/s  
  vc x,f = +3.3 m/s ✔ 
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Example 5.6 Collision and kinetic energy 
(cont.) 

❹ EVALUATE RESULT It makes sense that the 
velocity of the ball is reversed by the collision because 
the inertia of the cart is so much greater than that of the 
ball.  
Now that I know both the initial and final velocities, I can 
also check to make sure that the relative speed remains 
the same, which it does, as required for an elastic 
collision. 
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Section Goals 

You will learn to 
•  Identify inelastic collisions from the relative velocity 

of the colliding objects. 
•  Analyze inelastic collisions mathematically using the 

law of conservation of momentum. 

© 2015 Pearson Education, Inc. 
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•  In totally inelastic collisions, the objects move together 
after the collision. Therefore, 

v12f = 0 (totally inelastic collision)  
•  Most collisions fall between the two extremes of elastic 

and totally inelastic.  
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•  For these cases, it is convenient to define the quantity called 
the coefficient of restitution as  

•  In component form, 

© 2015 Pearson Education, Inc. 
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e ≡

υ12f

υ12i

  
e = −

υ2x ,f −υ1x ,f

υ2x ,i −υ1x ,i

= −
υ12x ,f

υ12x ,i
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Section Goals 

You will learn to 
•  Understand the law of conservation of energy for a 

closed system. 
•  Identify some types of internal energy changes that 

occur in physical systems. 

© 2015 Pearson Education, Inc. 
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•  For a closed system, conservation of energy requires 
that 

Ki + Eint,i = Kf + Eint,f (closed system) 
•  The total energy of the system is given by 

E ≡ K + Eint 

•  Now we can rewrite the first equation as 
Ei = Ef  (closed system) 

•  Even though we cannot yet calculate Eint, the previous 
equation allows us to compute ΔEint 

ΔEint = –ΔK  (closed system) 
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•  As an example, consider the situation in the figure below, 
where a ball is dropped onto a mattress: 
•  Energy conservation requires the loss of kinetic energy to 

be equal to the gain in internal energy. 

© 2015 Pearson Education, Inc. 
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•  Another example is shown below, that is, when a battery is 
drained rapidly, it becomes hot:  
•  Energy conservation requires the loss of chemical energy 

to be equal to the gain in thermal energy. 
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Example 5.8 Making a light 

A 0.20-kg steel ball is dropped into a ball of dough, 
striking the dough at a speed of 2.3 m/s and coming to 
rest inside the dough. If it were possible to turn all of 
the energy converted in this totally inelastic collision 
into light, how long could you light a desk lamp? It 
takes 25 J to light a desk lamp for 1.0 s. 
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Example 5.8 Making a light (cont.) 

❶ GETTING STARTED I begin by applying the 
procedure for choosing a closed system. Although the 
problem doesn’t specify it explicitly, I’m assuming the 
dough is at rest both before and after the steel ball is 
dropped in it; it could, for example, be at rest on a 
countertop. 

© 2015 Pearson Education, Inc. 
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Example 5.8 Making a light (cont.) 
❶ GETTING STARTED Only the steel ball has kinetic energy 
initially, and all of this energy is converted to internal energy as 
the ball comes to rest in the dough (Figure 5.20). So I have to 
calculate the initial kinetic energy of the ball and determine how 
long that amount of energy could light a lamp, given that 25 J 
lights a lamp for 1.0 s. 
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Example 5.8 Making a light (cont.) 

❷ DEVISE PLAN To determine the initial kinetic 
energy of the ball, I use Eq. 5.12. Then I divide this 
result by 25 J to determine how many seconds I can 
light a lamp. 
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Example 5.8 Making a light (cont.) 

❸ EXECUTE PLAN The initial kinetic energy of the 
ball is 
 
Given that a desk lamp requires 25 J per second, this 
0.53 J lights a lamp for 
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  Kb,i =
1
2 mbυb,i

2 = 1
2 (0.20 kg)(2.3 m/s)2 = 0.53 J.

✔ 
 

energy available
energy needed per second

= 0.53 J
25 J/s

= 0.021s.
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Example 5.8 Making a light (cont.) 

❹ EVALUATE RESULT The length of time I obtained, 
two hundreths of a second, is not very much! However, a 
0.20-kg steel ball moving at 2.3 m/s does not have much 
kinetic energy: I know from experience that a small steel 
ball’s ability to induce state changes—to crumple or 
deform objects, for example—is very limited. So it 
makes sense that one can’t light a desk lamp for very 
long. 
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Checkpoint 5.12 

 A gallon of gasoline contains approximately 1.2 × 108 J of 
energy. If all of this energy were converted to kinetic energy in a 
1200-kg car, how fast would the car go? 
 
 
 
With the given K and m, v ~ 4.5 x 102 m/s 
 
 
 

5.12 
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Section Goals 

You will learn to 
•  Recognize that explosive separations involve a  

process in which internal energy is converted into 
kinetic energy. 

•  Use the law of conservation of momentum to 
calculate the relative final velocity of the explosion 
fragments. 

© 2015 Pearson Education, Inc. 
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Section 5.8: Explosive separations 

•  Is it possible to have a 
process in which kinetic 
energy is gained at the 
expense of internal energy? 
•  Yes, in any type of 

explosive separation, 
where the object breaks 
apart.  

•  Firing a cannon is one 
such example, as seen in 
the figure. 
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•  The figure below shows an explosive separation involving two carts.  
•  Because v1x,i = v2x,i = 0, using conservation of momentum we 

can write  
0 = m1v1x,f + m2v2x,f  

•  Applying energy conservation we get 
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  ΔK + ΔEint =
1
2 m1υ1f

2 + 1
2 m2υ2f

2 + ΔEint = 0
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Section 5.8: Explosive separations 

Example 5.9 Spring energy 
A 0.25-kg cart is held at rest 
against a compressed spring as in 
Figure 5.8a and then released. 
The cart’s speed after it separates 
from the spring is 2.5 m/s. The 
spring is then compressed by the 
same amount between a 0.25-kg 
cart and a 0.50-kg cart, as shown 
in Figure 5.22a, and the carts are 
released from rest. What are the 
carts’ speeds after separating 
from the spring? 
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Example 5.9 Spring energy (cont.) 

❶ GETTING STARTED The key point in this problem 
is the identical compression of the spring in the two 
cases: The initial state of the spring is therefore the same 
before both releases. Because the spring ends in the same 
uncompressed state in both cases, the change in its 
internal energy must be the same in both cases. In the 
first case, all of this energy is transferred to the 0.25-kg 
cart. In the second case, the same amount of energy is 
distributed between the two carts. 

© 2015 Pearson Education, Inc. 
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Example 5.9 Spring energy (cont.) 

❷ DEVISE PLAN To calculate the kinetic energy of 
the single cart in the first release, I use Eq. 5.12. This 
gives me the amount of energy stored in the compressed 
spring. The final velocities of the two carts in the 
second case are then given by Eqs. 5.28 and 5.29. 

© 2015 Pearson Education, Inc. 
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Example 5.9 Spring energy (cont.) 

❸ EXECUTE PLAN From Eq. 5.12, I get 
 
and so the change in the spring’s internal energy is ΔEint = 
–0.78 J. Next I rewrite Eq. 5.28 as v1x,f = – (m2/m1) v2x,f . 
Substituting this result in Eq. 5.29, I get 
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  K = 1
2 mυ 2 = 1

2 (0.25 kg)(2.5 m/s)2 = 0.78 J

2
2 221 1

1 2 ,f 2 2 ,f int2 2
1

.x x
mm m E
m

υ υ
⎛ ⎞

+ = −Δ⎜ ⎟
⎝ ⎠
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Example 5.9 Spring energy (cont.) 

❸ EXECUTE PLAN Solving for the final velocity of 
cart 2 gives 

Substituting this result into my rewritten Eq. 5.28, 
v1x,f = –(m2/m1)v2x,f, I get v1x,f = –2.0 m/s.✔ 
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υ2xf =
−2m1ΔEint

m2(m1 + m2 )

υ2xf =
−2(0.25 kg)(−0.78 J)

(0.50 kg)(0.25 kg + 0.50 kg)
= 1.0 m/s.✔ 
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Example 5.9 Spring energy (cont.) 

❹ EVALUATE RESULT The carts move in opposite 
directions, as expected. I also note that cart 1 moves at 
twice the speed of cart 2, as it should to keep the final 
momentum of the system zero. Finally, because my 
assignment of m1 and m2 is arbitrary, I verify that I get the 
same result when I substitute m1 = 0.50 kg and m2 = 0.25 
kg. (You may want to check this yourself. When you 
reverse the inertias, why does the velocity of cart 1 
reverse to positive and the velocity of cart 2 reverse to 
negative?) 
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Checkpoint 5.13 

 Does each cart in Example 5.9 get half of the spring’s 
energy? Why or why not? 

5.13 
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Concepts: Kinetic energy 

•  The kinetic energy of an object is the energy 
associated with its motion. 

•  Kinetic energy is a positive scalar quantity and is 
independent of the direction of motion. 

© 2015 Pearson Education, Inc. 
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Quantitative Tools: Kinetic energy 

•  The kinetic energy K of an object of inertia m 
moving at speed  is 

 
•  The SI unit of kinetic energy is the joule (J): 

1 J = 1 kg · m2/s2. 

© 2015 Pearson Education, Inc. 
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  K = 1
2 mυ 2.
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Concepts: Relative velocity, states, and 
internal energy 

•  In a collision between two objects, the velocity of one object 
relative to the velocity of the other object is the relative 
velocity       The magnitude of the relative velocity is the 
relative speed 12. 

•  The state of an object is its condition as specified by some 
complete set of physical parameters. Energy associated with 
the object’s state but not with its motion is called the internal 
energy of the object. 

•  We can consider a system of two colliding objects to be 
isolated during the collision. Therefore the momentum of the 
system remains constant during all the collisions we study. 
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
υ12.
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Quantitative Tools: Relative velocity, states, 
and internal energy 

•  The relative velocity      of object 2 relative to object 1 is 
 
 

•  The relative speed 12 of object 2 relative to object 1 is the 
magnitude of 
 
 

•  Because momentum is a conserved quantity, the momentum of 
a system remains constant during a collision: 

px,i = px,f. 
© 2015 Pearson Education, Inc. 
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
υ12

  

υ12 ≡


υ2 −


υ1.

  

υ12:

  υ12 =

υ2 −


υ1 .
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Concepts: Types of collisions 

•  The coefficient of restitution e for a collision is a 
positive, unitless quantity that tells how much of the 
initial relative speed is restored after the collision. 

•  For an elastic collision, the relative speed is the same 
before and after the collision, and the coefficient of 
restitution is equal to 1. The collision is reversible, 
and the kinetic energy of the system made up of the 
colliding objects is constant. 
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Concepts: Types of collisions 
•  For an inelastic collision, the relative speed after the collision 

is less than it was before the collision. The coefficient of 
restitution is between 0 and 1, and the collision is irreversible. 
The kinetic energy of the objects changes during the collision, 
but the energy of the system does not change. If the objects 
stick together, the final relative speed is zero; the collision is 
totally inelastic, and the coefficient of restitution is 0.  

•  For an explosive separation, kinetic energy is gained during 
the collision and the coefficient of restitution is greater than 1. 
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Quantitative Tools: Types of collisions 
•  The coefficient of restitution e is 

•  For an elastic collision, 
υ12i = υ12f 

Ki = Kf 

e = 1. 
•  For an inelastic collision, 

υ12f < υ12i 

Kf < Ki 

0 < e < 1. 
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e =

υ12f

υ12i

= –
υ2x ,f −υ1x ,f

υ2x ,i −υ1x ,i

.
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Quantitative Tools: Types of collisions 

•  For a totally inelastic collision, 
υ12f = 0 

     e = 0. 
•  For an explosive separation, 

υ12f > υ12i  
Kf > Ki 

 e > 1. 
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Concepts: Conservation of energy 
•  The energy of any system is the sum of the kinetic energies 

and internal energies of all the objects that make up the 
system. 

•  The law of conservation of energy states that energy can be 
transferred from one object to another or converted from one 
form to another, but it cannot be destroyed or created. 

•  A closed system is one in which no energy is transferred in or 
out. The energy of such a system remains constant. 
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Quantitative Tools: Conservation of energy 

•  The energy of a system is 
 

E = K + Eint. 
•  The law of conversation of energy requires the energy 

of a closed system to be constant: 
Ei = Ef. 
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