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Applying 

conservation 

of energy 

•  Demonstrate and apply the law of conservation of energy. 

•  Describe the effect of friction on the mechanical energy 

of real systems. 

 

Objectives 

A 2.0 kg block and a 2000 kg block are simultaneously released 
from rest at the top of a frictionless ramp. 

1.  Which block has more kinetic energy at the bottom of the ramp? 

2.  Which block gets to the bottom of the ramp first? 

3.  If the ramp is 20 m high and 20 m long, what is the final velocity 
of the 2.0 kg block? 

4.  If the ramp is 20 m high and 60 m long, what is the final velocity 

of the 2000 kg block?   

Assessment 

5.   An ideal frictionless cart on a ramp is calculated to achieve a 
maximum speed of 15 m/s.  An actual cart and ramp are built to 

the same specifications.  Which statement below is true about 
the real cart. 

Assessment 

A.  The final mechanical energy of the real cart is less than the 
final mechanical energy of the ideal model.  

B.  Some of the mechanical energy of the real cart is converted 

to heat. 

C.  The real cart will have a final velocity less than 15 m/s. 

D.  All of the above. 

Physics terms 

•  law of conservation of energy 

•  frictional losses 

Equations 
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What determines the speed of a roller coaster?  
Does it depend on the mass of the cart?        

the length of the hill?  the height?  the angle? 

Roller coasters 

Click this simulation 
on page 285. 

Investigation 

In Investigation 10A 
you will experiment 

with the speed of a cart 
on a frictionless ramp. 

Investigation 

1.  Set the initial parameters for 
the simulation: 

2.  Press Run to watch the 

block slide down the ramp. 

 

Part 1:  Changes in energy for 
motion down an inclined plane 

h0 = 100 m;  θ = 15°;  

m = 20 kg;  x0, v0, µ = 0  

Investigation 

Questions for Part 1 

a.  Graph displacement and 
speed.  What are the 

shapes of the graphs?  
Why?  

b.  Graph kinetic energy and 

potential energy.  What are 

the shapes of the graphs?  
Why?  

 

 

Looking at the energy 

c.  What is the sum of the Ek 
and Ep at the top of the 

ramp?  At the bottom?  

      How are their changes    
related to each other?  

Questions for Part 1 

d.  What is the speed at the 
bottom of the ramp?  

The effect of mass 

Repeat for a few different 
values of the mass of the 

block.   
 

How does the speed 
change in each case?  

Why?  

Questions for Part 1 
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Changing initial velocity 

e.  Change the initial speed 
of the block to −10 m/s 

and +10 m/s.  

What is the change in Ek 
at the bottom of the ramp? 

Explain why.  

Questions for Part 1 

A roller coaster design problem 

1.  Convert 30 mph into units 
of m/s.  Make this the 

final speed of the block at 
the bottom of the ramp.  

2.  Set the roller coaster 

mass to 2000 kg.  

Part 2:  Designing a roller coaster that reaches 30 mph 

A roller coaster design problem 

3.  Vary the parameters—such 

as h0 or θ—to produce a 

speed of 30 mph at the 

bottom of the ramp.  

4.  The fastest roller coaster in 

the US reaches a speed of 

128 mph.  Estimate the 
height of this coaster. 

Part 2:  Designing a roller coaster that reaches 30 mph 

Real verses ideal systems 

Is energy ALWAYS conserved? 

Is energy ALWAYS conserved?  YES! 
 

Conservation of energy is a fundamental law of the universe.  

Real verses ideal systems 

Is energy ALWAYS conserved?  YES! 
 

Conservation of energy is a fundamental law of the universe.  

Real verses ideal systems 

Is mechanical energy always conserved? 
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Is energy ALWAYS conserved?  YES! 
 

Conservation of energy is a fundamental law of the universe.  

Real verses ideal systems 

Is mechanical energy always conserved?  NO! 
 

•  In idealized systems (like the ramp simulation) 
mechanical energy IS conserved. 

 
•  In real systems, some mechanical energy is 

always lost due to forces such as friction   

and air resistance.   

Ideal systems 

In ideal processes,  
mechanical energy is 

conserved. 
 

In this ideal system, all of the 

Ep of the spring is converted 

into the Ek of the ball. 

Real systems 

In real processes, some 
energy is always converted 

into unusable forms 
through “frictional losses”.   

 
 

Are idealized models useful? 

If the idealized model ignores 
these losses, is it still useful? 

Are idealized models useful? 

If the idealized model ignores 
these losses, is it still useful? 

Yes! 

If frictional forces are small, the 
model gives a good approximation. 

  
By ignoring friction, the model tells 

us the maximum possible speed.    

Modeling choices 

Solving physics problems always 
involves creating a model.   

•  A model is a set of equations that 

describes the situation. 

•  A good model includes every factor 

that is significant, and results in a 
good approximation to the answer.   

•  Making smart modeling choices is 
part of the “art” of doing physics. 
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A 2.0 kg block and a 2000 kg block are simultaneously released 
from rest at the top of a frictionless ramp. 

1.  Which block has more kinetic energy at the bottom of the ramp? 

 

2.  Which block gets to the bottom of the ramp first? 

Assessment 

A 2.0 kg block and a 2000 kg block are simultaneously released 
from rest at the top of a frictionless ramp. 

1.   Which block has more kinetic energy at the bottom of the ramp?           

2.   Which block gets to the bottom of the ramp first?   

                        

Assessment 

the 2000 kg block 
 

 
 

 
he  

A 2.0 kg block and a 2000 kg block are simultaneously released 
from rest at the top of a frictionless ramp. 

1.  Which block has more kinetic energy at the bottom of the ramp?           

2.  Which block gets to the bottom of the ramp first?   

                        

Assessment 

the 2000 kg block 
 

 
 

 
 It’s a tie.   

he  

A 2.0 kg block and a 2000 kg block are simultaneously released 
from rest at the top of a frictionless ramp. 

3.   If the ramp is 20 m high and 20 m long, what is the final velocity 

of the 2.0 kg block? 

 

 

 

Assessment 

A 2.0 kg block and a 2000 kg block are simultaneously released 
from rest at the top of a frictionless ramp. 

3.  If the ramp is 20 m high and 20 m long, what is the final velocity 

of the 2.0 kg block? 

 

 

 

Assessment 

4.  If the ramp is 20 m high and 60 m long, what is the final velocity 
of the 2000 kg block?   

 

 

A 2.0 kg block and a 2000 kg block are simultaneously released 
from rest at the top of a frictionless ramp. 

3.   If the ramp is 20 m high and 20 m long, what is the final velocity 

of the 2.0 kg block? 

 

 

 

Assessment 

4.   If the ramp is 20 m high and 60 m long, what is the final velocity 
of the 2000 kg block?   
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5.  An ideal frictionless cart on a ramp is calculated to achieve a 
maximum speed of 15 m/s.  An actual cart and ramp are built to the 

same specifications.  Which statement below is true about the real 
cart? 

Assessment 

A.  The final mechanical energy of the real cart is less than the 
final mechanical energy of the ideal model.  

B.  Some of the mechanical energy of the real cart is converted 

to heat. 

C.  The real cart will have a final velocity less than 15 m/s. 

D.  All of the above. 

5.   An ideal frictionless cart on a ramp is calculated to achieve a 
maximum speed of 15 m/s.  An actual cart and ramp are built to the 

same specifications.  Which statement below is true about the real 
cart? 

Assessment 

A.  The final mechanical energy of the real cart is less than the 
final mechanical energy of the ideal model.  

B.  Some of the mechanical energy of the real cart is converted 

to heat. 

C.  The real cart will have a final velocity less than 15 m/s. 

D.  All of the above. 


