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Friction and 

losses 

Objectives 

•  Define friction and provide examples. 

•  Solve problems involving friction. 

•  Calculate the efficiency of a system. 

1.  Which of these events does NOT involve the force of friction? 

A.   A ball stops when it hits a wall. 

B.   Fluid resistance slows a submarine. 

C.   A car stops due to application of the brakes. 

D.   Hands increase in warmth as they are rubbed together. 

Assessment 

2.  A base runner slides into home plate.  He dives forward with 
1000 J of kinetic energy.  As he hits the ground, he is 1.0 meter 

away from the plate.  His friction on the ground is 500 N. 

     Does he make it to home plate?   

Assessment 

3.  Ben pushes a heavy box over a 10-meter-long bridge with a force 
of 300 N.  The friction on the bridge creates a resistive force of 

100 N.  What is Ben’s efficiency? 

A.   3% 

B.   30% 

C.   50% 

D.   66% 

Assessment Physics terms 

•  friction 

•  efficiency 
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Equations 

The efficiency of a system is determined by 
the ratio of the energy out of the system to 

the energy put into the system. 

Friction 

Friction is a resistive force that  
acts to oppose motion. 

Friction 

Friction is a resistive force that 
acts to oppose motion. 

Friction 

Motion 

Air friction acts to oppose the 
relative motion between the sky 

diver and the air. 

Friction 

There are various types of 
friction.  Friction is present 

in almost everything that 
we do. 

Sliding friction 

When one surface slides over 
another, there is always some 

resistance to the motion. 

One cause of this resistance is 

small bumps present on the 

surfaces.   

Sandpaper is much bumpier than 

notebook paper—so it takes more 

energy to rub sandpaper together 

than notebook paper. 

Another cause of sliding 
friction is the atomic-scale 

attraction between particles in 
the two surfaces.   

Tiny bonds or welds form 

between adjacent particles.  
As the surfaces move relative 

to each other, these bonds 

continually break and reform. 

 

Causes of friction 
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Work done by friction 

What happens when the 
force of friction does work 

on an object? 

 

friction 
applied 
force 

Work done by friction 

Work done to overcome 
friction usually transforms 

kinetic energy into thermal 
energy (heat).   

The energy “lost” by the 

object exactly equals the heat 
gained by the object and its 

surroundings. 

 
Work done by friction warms 
up the block and the table. 

applied 
force 

friction 

Friction and thermal energy 

Car brakes use the friction 
between two surfaces to slow 

down the car.  This friction 
causes the brakes to heat up.  

Drivers pump the brakes when 

going downhill so the brakes 
can cool.   

Friction and thermal energy 
A forward force of 3,000 N is applied 
to a 1,500 kg car over a distance of 

10 m.  The car accelerates at 1.5 m/s2, 
and the system gains 7500 J of 

thermal energy.   

Why does the system gain thermal 

energy? 

 

 

 

 

A forward force of 3,000 N is applied 
to a 1,500 kg car over a distance of 

10 m.  The car accelerates at 1.5 m/s2, 
and the system gains 7500 J of 

thermal energy.   

Why does the system gain thermal 

energy? 

 

 

 

 

Friction and thermal energy 

Rolling friction between the tires and 
road causes the tires to deform, so 

some kinetic energy is transformed 
into heat. 

 

 

Properly inflated tires 
have less rolling friction. 

A forward force of 3,000 N is applied 
to a 1,500 kg car over a distance of 

10 m.  The car accelerates at 1.5 m/s2, 
and the system gains 7500 J of 

thermal energy.   

What is the net force on the car? 

 

 

 

Friction and thermal energy 

What is the force of rolling friction 
on the car?    
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A forward force of 3,000 N is applied 
to a 1,500 kg car over a distance of 

10 m.  The car accelerates at 1.5 m/s2, 
and the system gains 7500 J of 

thermal energy.   

What is the net force on the car? 

 

 

 

 

Friction and thermal energy 

750 N                3,000 N 

Fnet = 2,250 N 

What is the force of rolling friction 
on the car?   750 N 

Fnet = ma = (1,500 kg) (1.5 m/s2) 

                = 2,250 N 

A forward force of 3,000 N is applied 
to a 1,500 kg car over a distance of 

10 m.  The car accelerates at 1.5 m/s2, 
and the system gains 7500 J of 

thermal energy.   

Is energy conserved? 

 

 

 

 

Friction and thermal energy 

A forward force of 3,000 N is applied 
to a 1,500 kg car over a distance of 

10 m.  The car accelerates at 1.5 m/s2, 
and the system gains 7500 J of 

thermal energy.   

Is energy conserved?  Yes, always! 

 

 

 

 

The work done is:  W = Fd = 3000 N × 10 m = +30,000 J. 

 

 

 

 

Friction and thermal energy 

•  7500 J becomes thermal energy:  Ff d = 750 N × 10 m = 7500 J. 

•  22,500 J becomes kinetic energy:  Fnet d = 2250 N × 10 m = 22,500 J. 

Solving friction problems 
A 170 g puck has an initial speed of 
10 m/s.  The coefficient of friction 

between the puck and ice is 0.10.  
What is its speed after sliding 20 m?  

 Asked: v 

Given:  

Relationships: 

Solution: 

 

 

Solving friction problems 
A 170 g puck has an initial speed of 
10 m/s.  The coefficient of friction 

between the puck and ice is 0.10.  
What is its speed after sliding 20 m?  

 Asked:  speed v 

Given:  

Relationships: 

Solution: 

 

 

m = 0.170 kg,  v
0 
= 10 m/s,  µk = 0.10,  d = 20 m 

 Ff = µkmg,  W = Ff d,  Ek = ½ mv2 

Solving friction problems 

initial Ek = final Ek + thermal energy  

A 170 g puck has an initial speed of 
10 m/s.  The coefficient of friction 

between the puck and ice is 0.10.  
What is its speed after sliding 20 m?  

 Asked:  speed v 

Given:  

Relationships: 

Solution: 

 

 

m = 0.170 kg,  v
0 
= 10 m/s,  µk = 0.10,  d = 20 m 

 Ff = µkmg,  W = Ff d,  Ek = ½ mv2 
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Solving friction problems 

Asked:  speed v 

Given:  

Relationships: 

Solution: 

 

 

m = 0.170 kg,  v
0 
= 10 m/s,  µk = 0.10,  d = 20 m 

 Ff = µkmg,  W = Ff d,  Ek = ½ mv2 

A 170 g puck has an initial speed of 
10 m/s.  The coefficient of friction 

between the puck and ice is 0.10.  
What is its speed after sliding 20 m?  

 

A 1750 kg car is traveling at 30 m/s 
when the brakes are applied.  The 

friction force between the tires and 
the road is 12,500 N.  How far does 

the car go before stopping? 

Asked:  d 

Given:    

Solving friction problems 

A 1750 kg car is traveling at 30 m/s 
when the brakes are applied.  The 

friction force between the tires and 
the road is 12,500 N.  How far does 

the car go before stopping? 

Asked:  distance, d 

Given:  m = 1750 kg 

             v
0
 = 30 m/s 

             F = 12,500 N 

Solving friction problems Solving friction problems 
A 1750 kg car is traveling at 30 m/s 
when the brakes are applied.  The 

friction force between the tires and 
the road is 12,500 N.  How far does 

the car go before stopping? 

Asked:  distance, d 

Given:  m = 1750 kg 

             v
0
 = 30 m/s 

             F = 12,500 N 

Solution:  Apply conservation of    
energy 

Investigation 
How does friction affect the 
motion of a cart?   

In Investigation 10D you will: 

•  Determine the ErgoBot’s 

coefficient of rolling friction. 

•  Determine µk for a friction 

block dragged behind the 

ErgoBot. 

page 297 

Investigation 

1.   Set up the ErgoBot in freewheel 
mode on a level surface and give 

it a gentle push 

2.   Observe the position, velocity, 
and acceleration graphs as the 

ErgoBot is pushed and as it rolls 

freely to a stop. 

Part 1:  Rolling friction 
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Investigation 
Questions for Part 1 

a.  Write an equation expressing 
conservation of energy for the 

ErgoBot as it rolls to a stop. 

b.  Solve the equation for the 

coefficient of rolling friction µr.  

c.  Calculate µr using the data from 

your velocity graph. 

Investigation 

1.   Attach a friction block to one end 
of the ErgoBot with a short string 

and give it a gentle push.  

2.   Observe the graphs for the 
motion of the ErgoBot and 

friction block until they come to 

rest. 

Part 2:  Kinetic friction 

Investigation 
Questions for Part 2 

a.  Draw separate free-body diagrams 
representing the ErgoBot and 

friction block as they slow down.  

b.  Write a conservation of energy 
equation that includes the initial 

Ek of the ErgoBot and friction 

block, and the work done against 

friction.  

c.  Solve the equation for the 

coefficient of sliding friction µk.  

Investigation 

d.  Calculate µk using measured 

masses and data from the graphs.  

e.  Create an equation model to 
predict the stopping distance. 

f.  Add mass to the friction block and 
predict the stopping distance.  

g.  Test your prediction with the 

ErgoBot, using the same v
0
. 

Questions for Part 2 

Investigation 

1.  Reattach the friction block to the 
ErgoBot with about 1/2 m of string.  

Part 3:  Combining the two 

Arrange the ErgoBot and block so 
the ErgoBot rolls freely before 

putting tension on the string. 

Investigation 

2.   Observe the graphs as the 
ErgoBot is pushed, rolls 

freely, catches the friction 
block, and drags it until both 

come to rest. 

Part 3:  Combining the two 
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Investigation 

a.  Where is positive work done 
on the ErgoBot?   

  

Questions for Part 3 

Where does the ErgoBot do 
work on the environment? 

Investigation 

b.  Identify the following graph  
sections:.  

Questions for Part 3 

•  the ErgoBot is pushed 

•  the ErgoBot rolls freely 

•  the string becomes taut 

•  the friction block slides  

•  the ErgoBot and block 

have come to rest .  

Friction and efficiency 

All objects fall at the same rate in a 
vacuum.  Their theoretical speed is:   

              

 

But in the real world, air friction 
slows down a falling object.  

Air friction on a falling beach ball 

causes it to quickly reach a slow 

terminal velocity. 

 

Friction and efficiency 

As the speed of a falling ball 
increases, it becomes less 

and less efficient at 
converting potential energy 

to kinetic energy.  

Instead, more and more of 

the potential energy gets 

converted to thermal energy. 

Efficiency 

The efficiency of a system is a 
measure of how well the system 

converts input energy to output 
energy.  

Efficiency 

A ball has 400 J of initial potential  
energy.  As it falls, it loses this 

potential energy and gains 300 J 
of kinetic energy.  

What is the efficiency of the 

system? 
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Efficiency 

A ball has 400 J of initial potential  
energy.  As it falls, it loses this 

potential energy and gains 300 J 
of kinetic energy.  

What is the efficiency of the 

system? 

Efficiency 

Jake pedals with a constant force 
of 60 N.  As his bike travels along, 

a friction force of 25 N acts on it.  
After traveling 100 m, what is 

Jake’s efficiency? 

Efficiency 

Jake pedals with a constant force 
of 60 N.  As his bike travels along, 

a friction force of 25 N acts on it. 
After traveling 100 m, what is 

Jake’s efficiency? 

The energy input is the work Jake 

does over the 100 m stretch. 

The energy output equals the 

energy Jake put in, minus the 

energy lost due to friction. 

 

Efficiency 

Jake pedals with a constant force 
of 60 N.  As his bike travels along, 

a friction force of 25 N acts on it. 
After traveling 100 m, what is 

Jake’s efficiency? 

The energy input is the work Jake 

does over the 100 m stretch. 

The energy output equals the 

energy Jake put in, minus the 

energy lost due to friction. 

 

Exploring the ideas 

Click on this 
interactive 

calculator on 
page 296. 

Engaging with the concepts 

Alexander spent 1200 J of 
energy pushing on a crank, 

but it only did 350 J of 
work to lift a car.   

 
How efficient was the 

crank? 

 
               

 

 
 

Efficiency 

1200 

350 

350 1200 

850 
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Engaging with the concepts 

Alexander spent 1200 J of 
energy pushing on a crank, 

but it only did 350 J of 
work to lift a car.   

 
How efficient was the 

crank? 

              0.29  
 

      (29% efficient) 

     
 

Efficiency 

1200 

350 

350 1200 

850 

0.29 

Engaging with the concepts 

An automobile converts 
about 17% of its energy 

(gasoline) into work.   
 

If a car uses 5,000 J of 
energy from gasoline on a 

short trip, then how much 

useful work is done?   
 

How much energy is lost 

to heat (and other uses)? 
     

Output energy 

1200 

5000 

0.17 

Engaging with the concepts 

An automobile converts 
about 17% of its energy 

(gasoline) into work.   
 

If a car uses 5,000 J of 
energy from gasoline on a 

short trip, then how much 

useful work is done?  850 J 
 

How much energy is lost  

to heat (and other uses)? 
     4150 joules was lost 

Output energy 

1200 

5000 

0.17 

850 

850 

4150 

1.  Which of these events does NOT involve the force of friction? 

A.  A ball stops when it hits a wall. 

B.  Fluid resistance slows a submarine. 

C.  A car stops due to application of the brakes. 

D.  Hands increase in warmth as they are rubbed together. 

Assessment 

1.  Which of these events does NOT involve the force of friction? 

A.   A ball stops when it hits a wall. 

B.   Fluid resistance slows a submarine. 

C.   A car stops due to application of the brakes. 

D.   Hands increase in warmth as they are rubbed together. 

Assessment 

2.   A base runner slides into home plate.  
He dives forward with 1000 J of 

kinetic energy.  As he hits the ground, 
he is 1.0 meter away from the plate.  

His friction on the ground is 500 N. 

     Does he make it to home plate?   

Assessment 
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2.  A base runner slides into home plate.  
He dives forward with 1000 J of 

kinetic energy.  As he hits the ground, 
he is 1.0 meter away from the plate.  

His friction on the ground is 500 N. 

     Does he make it to home plate?  Yes 

 

Assessment 

The energy “lost” due to friction will 
be W = Fd = 500 N x 1.0 m = 500 J.  

This is only half the kinetic energy he 

has, so he makes it to home plate. 

 

3.  Ben pushes a heavy box over a 10-meter-long bridge with a 
force of 300 N.  The friction on the bridge creates a resistive 

force of 100 N.  What is Ben’s efficiency? 

A.  3% 

B.  30% 

C.  50% 

D.  66% 

Assessment 

3.  Ben pushes a heavy box over a 10-meter-long bridge with a 
force of 300 N.  The friction on the bridge creates a resistive 

force of 100 N.  What is Ben’s efficiency? 

A.  3% 

B.  30% 

C.  50% 

D.  66% 

Assessment 


