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Energy 

transformations 

 

Objectives 

•  Describe examples of energy transformations. 

•  Demonstrate and apply the law of conservation of energy 

to a system involving a vertical spring and mass. 

•  Design and implement appropriate investigative 

procedures. 

 

Assessment 
 

1.  What are some real-life examples of energy transformations? 

 
 

2.  Is energy still conserved in closed systems where energy is 
being transformed?   

 

Assessment 

A 0.25 kg mass attached to a half-meter string 
drops before it is caught by a spring with a 

spring constant of 20 N/m.  

3.   Describe the energy transformations that 

occur in this system. 

4.   What is the lowest point the mass reaches? 

5.   Given the measured height and velocity, 

how can you calculate the efficiency of the 
energy transformations? 

Assessment 

6.  Where does the mass achieve its maximum 
kinetic energy? 

A 0.25 kg mass attached to a half-meter string 
drops before it is caught by a spring with a 

spring constant of 20 N/m.  

Physics terms 

•  transformation of energy 

•  conservation of energy 
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Equations 

Elastic potential energy depends on the 
spring constant and the displacement. 

Kinetic energy depends on mass and speed. 

Gravitational potential energy depends on 
mass, height, and the strength of gravity. 

Energy is conserved in a closed system. 

Efficiency is the ratio of work (or energy) 
output to work input. 

All change involves changes of energy. 
 

Energy changes 

•  Energy can be transformed from 
one type of energy into another. 

•  Energy can be transferred from 

one object or system to another. 
 

 

 

All change involves changes of energy. 
 

What causes these energy changes? 
 

Energy changes 

•  Energy can be transformed from 
one type of energy into another. 

•  Energy can be transferred from 

one object or system to another. 

Two ways to change energy 

•  Work:   

•  Heat: 
 

the energy of a system or object changes 
whenever forces do work on it. 

 
 

the energy of a system or object changes 
whenever it gains or loses heat, Q. 

 

 

Two ways to change energy 

A system loses energy when it does work on its surroundings. 

A system gains energy when work is done on it. 

A system gains 
energy when 

heat is added. 

A system loses 
energy when heat 

is removed. 

Energy conservation 

In a closed system, the total energy 
is always conserved.  The change in 

total energy equals zero. 

In closed systems where energy is 

conserved, energy transformations 

can still occur. 
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Examples of energy 

transformation 

A hydroelectric plant transforms 
the gravitational potential energy 

of water behind a dam into the 
kinetic energy of the spinning 

turbine. 

The turbine then transforms this 

kinetic energy into electric energy 

to light our homes. 

Animated illustration, page 293  

Examples of energy 

transformation 

A piston engine goes through a 
four stroke cycle to transform the 

stored chemical energy in gasoline 
into mechanical energy. 

Animated illustration, page 293  

Examples of energy 

transformation 

A bungee jumper undergoes energy 
transformations as he falls. 

A bungee jumper can be modeled with a 

mass attached to a spring.  The mass is 
released from rest at the top of the “jump”. 

Examples of energy 

transformation 

As the mass falls, gravitational potential 
energy is converted into kinetic energy and 

finally into elastic potential energy. 

A bungee jumper undergoes energy 
transformations as he falls. 

A bungee jumper can be modeled with a 

mass attached to a spring.  The mass is 
released from rest at the top of the “jump”. 

Forms of energy 

Let’s create a model of this system.  
The forms of energy in this system as 

the mass falls are:  

Key question:   Where do we make h = 0?   

Key question:   Where do we make h = 0?  

Let h = 0 at the lowest position, where 

the mass is nearest to the floor. 

Let L be the length of the string. 

Let x be the amount the spring stretches (unknown). 

L + x is the total distance the mass falls. 

 h = 0 

Set the reference 

height 
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Initial energy 
What is the energy of the mass and spring 
at the start?   

Are any of these energy terms zero? 

h = 0 

What is the energy of the mass and spring 
at the start?   

Are any of these energy terms zero? 

Initial energy 

The spring stretch is zero, and the kinetic 
energy is zero.  The initial energy is 

gravitational potential energy only.  

initial energy = mg(L+ x)

What is the energy of the mass and spring 
at the finish?   

Are any of these energy terms zero? 

 

Final energy Final energy 

The height is zero and the velocity is zero 
so both gravitational potential energy and 

kinetic energy are zero. 

What is the energy of the mass and spring 
at the finish?   

Are any of these energy terms zero? 

 

Energy conservation 

Gravitational 
potential 
energy  

Elastic 
potential 
energy  

Initial 
energy 

Final 
energy 

Use this mathematical model to analyze a hypothetical 
spring-mass system AND a real spring-mass system. 

In Investigation 10C you 
will use conservation of 

energy to analyze a 
simulated bungee jump. 

Investigation 

The investigation is 
found on page 294. 
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Part 1:  A hypothetical spring-mass system  

1.  Write down an equation for the total 
energy in this system. 

 
2.  Use Table 1 to calculate the 

gravitational potential energy and 
elastic potential energy of the mass 

after it falls different distances.  

  

     Let m = 0.25 kg and k = 20 N/m.  

Investigation 

3.  How far will the mass fall 
before it is stopped by the 

spring, assuming that this is 
a closed system?   

 
     How do you know?  

Part 1:  A hypothetical system  

Investigation 

Object:  Determine the actual and the 
theoretical distance the bottle will fall 

when released from rest. 
 

You will need about 250 grams of water 
in a water bottle tied to a string that 

allows the mass to drop about 1/2 meter 

before it engages the extension spring.  
 

Part 2:  An experimental spring-mass system  

Investigation 

1.  Measure the mass of the water bottle and 

the length of the string, L. 

2.  Hold the spring against the wall and 
measure the free length and the extended 

length with the mass.  This will allow you 

to determine the spring constant. 

3.  Predict the total distance the mass falls 
when released from rest (next two slides). 

Part 2:  An experimental spring-mass system  

Investigation 

m = measured value 

k = measured value   

L = measured value 

x = select values from 

 0.3 – 0.8 m 

Use the data table to calculate the gravitational potential energy and 
elastic potential energy of the mass when it has fallen different distances. 

Calculate the energies Make a prediction 

Use the table to 
estimate the 

height the mass 
falls if the energy 

transformations 
are 100% efficient. 

 

If the system is closed, how far will the mass fall before it is stopped 
by the spring?   How do you know? 



6/4/14 

6 

Design a procedure 

Your procedure should be repeatable.  
Record your procedure on the student 

assignment sheet.  Include: 

   key variables to be measured 
   equipment selected 

4.  Design a procedure to measure the actual 

distance h that the mass falls; h equals 

the free fall distance L plus the maximum 

spring extension x. 

Part 2:  An experimental spring-mass system  

Implement the procedure 

Do the experiment using the measured value for the 
spring constant and the actual mass and string length. 

 
Make at least two measurements and tabulate your 

results on the student assignment sheet. 
 

Chart the energies 

Create a bar chart to display the kinetic, 
gravitational potential, and elastic potential 

energies at each of three locations: 
  

  immediately after being released 
  when the spring just begins to extend 

  when the bottle reaches its lowest point 

 
How do you use relationships among these 

energies to determine the kinetic energy at 

each location? 

   Ep gravity    
 
  
Ek            Ep elastic  

 

E
n

e
r

g
y  

(J) 

Calculate efficiency 

Calculate the gravitational potential and elastic potential 
energies from your measured data.   

 
Calculate the efficiency from your data: 

efficiency =
final energy

initial energy
!100 =

Ep  elastic  lost

Ep  gravitational  gained
!100

Assessment 
1.  What are some real-life examples of energy transformations? 

 

 
 

1.   What are some real-life examples of energy transformations? 
 

 
 

Assessment 

 
In hydropower plants the gravitational potential energy of 

water is transformed into electrical energy. 
 

In internal combustion engines the stored chemical energy 
in gasoline is converted into the kinetic energy of motion.  

 

In a bungee jump, the gravitational potential energy of the 
jumper is transformed into elastic potential energy. 
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Assessment 
 

2.  Is energy still conserved in closed systems where energy 

is being transformed?   
 

Assessment 
 

2.   Is energy still conserved in closed systems where energy 

is being transformed?  
  

 

Yes, energy is still conserved.  The form of the 
energy changes, but not the amount.  The total 

change in energy is zero.   
 

Assessment 
A 0.25 kg mass attached to a half-meter string 
drops before it is caught by a spring with a 

spring constant of 20 N/m.  

3.  Describe the energy transformations that 
occur in this system. 

Assessment 

As it falls, the mass loses gravitational 
potential energy as it is converted into 

kinetic energy and elastic potential energy.  

At its lowest point, ALL the energy is elastic 

potential energy. 

3.   Describe the energy transformations that 
occur in this system. 

A 0.25 kg mass attached to a half-meter string 
drops before it is caught by a spring with a 

spring constant of 20 N/m.  

Assessment 

4.  What is the lowest point the mass reaches? 

A 0.25 kg mass attached to a half-meter string 
drops before it is caught by a spring with a 

spring constant of 20 N/m.  

Assessment 

The mass keeps falling until the elastic 
potential energy of the spring exactly equals 

the gravitational potential energy lost from 
falling. 

A 0.25 kg mass attached to a half-meter string 
drops before it is caught by a spring with a 

spring constant of 20 N/m.  

4.   What is the lowest point the mass reaches? 
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Assessment 

5.  Given the measured height and velocity, 
how can you calculate the efficiency of 

the energy transformations? 
 

A 0.25 kg mass attached to a half-meter string 
drops before it is caught by a spring with a 

spring constant of 20 N/m.  

Assessment 

5.   Given the measured height and velocity, 
how can you calculate the efficiency of 

the energy transformations? 
 

A 0.25 kg mass attached to a half-meter string 
drops before it is caught by a spring with a 

spring constant of 20 N/m.  

Assessment 

6.  Where does the mass achieve its maximum 
kinetic energy? 

A 0.25 kg mass attached to a half-meter string 
drops before it is caught by a spring with a 

spring constant of 20 N/m.  

Assessment 

Ek max occurs where F
net

= 0.  After this point F
s 

is larger than mg and the mass decelerates.   

          Since Fs = mg then x = mg/k.  

 

6.   Where does the mass achieve its maximum 
kinetic energy? 

Fspring 

mg
 

A 0.25 kg mass attached to a half-meter string 
drops before it is caught by a spring with a 

spring constant of 20 N/m.  

Advanced 

Is there another way to solve this 
problem? 

 
How can we find the total distance, 

x + L, that the mass will fall using 

only the conservation of energy 

equation? 

An algebraic solution 

Expand: 
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An algebraic solution 

Rearrange: 

Expand: 

An algebraic solution 

The quadratic formula will give two solutions.  
The positive answer is the right one. 

Expand: 

x =
mg ± mg( )

2

+ 2kmgL

k

Solve, using the 
quadratic formula: 

Rearrange: 


