
9-12 Energy Investigation 
This set of activities is part of an investigation on the Law of Conservation of Energy.  This is a set of 
four activities, two of which involve using applets from PhET and two of which use probes (position 
and force).  Two of these activities involve investigating energy in a spring system and two involve 
energy in a gravitational system both involving and ignoring friction effects.   

 

Part I:  Work, Gravitational Potential Energy, Kinetic Energy 
 

Activity 1 
Title:  Energy on a ramp. 

Summary:  In this investigation, the students will explore the relationship between gravitational 
potential energy when a skater is at the top of a ramp and the kinetic energy of that skater when 
he/she reaches the bottom of the ramp in the absence of friction. 

Standard: PS2 (7-8) - 6 

Students demonstrate an understanding of energy by… 
 
6a using a real world example to explain the transfer of potential energy to kinetic energy. 
 
6c explaining that while energy may be stored, transferred, or transformed, the total amount of energy 
is conserved. 
 
Specific Learning Goals: 

1. Understand that when a person skates down a ramp, the kinetic energy that he/she gains is 
equal to the gravitational potential energy lost in going down that ramp. 

2. Understand that the work done in lifting a skater to the top of a ramp is equal to the increase in 
the skater’s gravitational potential energy. 

3. Understand that while friction may prevent all the gravitational potential energy from being 
converted to kinetic energy, the sum of the skater’s kinetic energy and the thermal energy 
produced through friction is equal to the gravitational potential energy lost in going down that 
ramp. 

4. Understand that while energy is transformed, the total amount of energy is conserved. 

Prior Knowledge: 

1. Kinetic Energy is the energy of motion and depends on both the mass of a moving object and 
the velocity of that object. 

2. Potential Energy is a “stored” form of energy. 

3. Gravitational Potential Energy depends on both the mass and height (above a reference point) 
of a given object. 



Schedule:  30-40 minutes 

Materials: 

o Energy Skate Park PhET 

Engage:  Observe the skater in the simulation “Energy Skate Park”.  Click on the “Energy vs. 
Position” tab.  Describe what happens to both the kinetic energy of the skater and the gravitational 
potential energy of the skater as she moves on the track.  What would happen to the skater if the right 
hand side of the ramp were removed? 

Predict:  How would the kinetic and potential energy of a skater compare she skates down a ramp 
from various heights? 

Explore:  Set up the ramp by moving the dots to the positions shown in the picture: 

 
You will notice that the grid is on to help in positioning the dots.  You can grab the skater and put her 
on the ground as you build this ramp.  Observe and record the skater’s motion as she goes down the 
ramp. 

Explain:  Describe what happens when you lift the skater to a point 4 meters above the ground and 
release her. 

Engage 2:  What happens in terms of energy as the skater travels down this ramp? 

Predict 2:  How do the potential and kinetic energies of the skater compare as she travels down the 
ramp?  How does the total energy change as the skater goes down the ramp? 

 

 



Explore 2:  Click the tab on the right labeled “Energy vs. Position”, move the graphic box to the right 
and click off the check boxes labeled “Thermal” and Total” so that it resembles the picture below: 

 
Observe and record what happens to the kinetic and gravitational potential energies as the skater 
moves down the ramp. 

Explain 2:  What happens to the kinetic and gravitational potential energies as the skater moves 
down the ramp?  What happens to the total of kinetic and gravitational potential energies as the 
skater moves down the ramp? 

Engage 3:  What happens if the skater uses a ramp with different heights? 

Predict 3:  What do you think would happen to the kinetic, gravitational potential energy, and total 
energy if the skater was released at the top of the ramp if the height of the ramp was increased? 

Explore 3:  Move the dot on the left to raise the ramp to two heights greater than 4 meters.  Observe 
and record what happens to the kinetic, gravitational potential, and total energies as the skater moves 
down the ramp. 

Explain 3:  Describe what happens to the kinetic, gravitational potential, and total energies as the 
skater slides down ramps with different heights.  How does the gravitational potential energy of the 
skater at the beginning of the ramp vary as the height of the ramp is increased?  Where do you think 
this gravitational potential energy comes from? 

 

 

 

 



Activity 2 
Title:  Gravitational Potential Energy and Work 

Summary:  Students will use a simulation to determine the amount of work done in lifting an object 
up a ramp and compare this with the amount of gain in potential energy of that object. 

Standard:  PS2 (Ext) - 5 

Students demonstrate an understanding of energy by… 

5aa Identifying, measuring, calculating and analyzing qualitative and quantitative relationships associated with energy 
transfer or energy transformation. 
 

Specific Learning Goals:   

1. Understand that when a person slides an object up a ramp in the absence of friction, the force 
required to push that object is less than the force needed to lift it against gravity. 

2. Understand that when a person slides an object up a ramp in the absence of friction, the work 
done by the applied force pushing the object up the ramp is equal to the increase in the 
object’s gravitational potential energy and the work done in lifting the object directly. 

3. Understand that friction may cause an increase in the applied force needed to slide the object 
up the ramp.  Understand that the work done by the applied force in the presence of friction will 
be more than the increase in the object’s gravitational potential energy. 

4. Understand that some of the work done by the applied force will be converted to thermal 
energy. 

5. Understand that the sum of the thermal energy and the work done against gravity (or increase 
in gravitational potential energy) will equal the work done by the applied force in moving the 
object up the ramp. 

6. Understand that while energy is transformed, the total amount of energy is conserved. 

Prior Knowledge: 

1. The increase in gravitational potential energy near the earth’s surface = mgΔh 

2. Work can be calculated as W = F●d 

3. Work done against gravity in lifting an object can be calculated as W = FgΔh 

Schedule:  30-40 minutes 

Materials: 

o The Ramp PhET 

Engage:  How are work and energy related in lifting a file cabinet up a ramp when there is no friction 
between the ramp and the file cabinet? 

Predict:  What do you think you will observe regarding the work done in sliding a file cabinet up a 
ramp, the increase in gravitational potential energy, and the work done against gravity in lifting a file 
cabinet up a ramp when there is no friction between the ramp and the file cabinet? 



 

Explore:  Open “The Ramp” simulation and set it up as follows:   

o Click on the “frictionless” box. 

o Set the position to “0”. 

o Use various values for “applied force” and press “Go” until the ramp slides up the ramp at a 
slow and steady speed. 

o Record the values of applied force, file cabinet mass, and position when the cabinet reaches 
the top of the ramp. 

o Calculate and record the work done to move the file cabinet up the ramp 

o Calculate and record the increase in potential energy of the file cabinet at the top of the ramp. 

o Calculate and record the work done against gravity by lifting the file cabinet to its final height 
from the ground. 

 

Explain:  How do the work done by the applied force, the increase in potential energy of the file 
cabinet, and the work done against gravity in lifting the file cabinet compare with one another? 

 

 

 

 

 



Engage 2:  What would happen if we introduced friction to this problem? 

Predict 2:  How will the work done by the applied force, the increase in potential energy of the file 
cabinet, and the work done against gravity in lifting the file cabinet  compare with one another when 
friction acts on the system? 

Explore 2:   

o Click the box labeled “frictionless” off.   

o Set the position to “0”. 

o Use various values for “applied force” and press “Go” until the ramp slides up the ramp at a 
slow and steady speed. 

o Record the values of applied force, file cabinet mass, and position when the cabinet reaches 
the top of the ramp. 

o Calculate and record the work done to move the file cabinet up the ramp 

o Calculate and record the increase in potential energy of the file cabinet at the top of the ramp. 

o Calculate and record the work done against gravity by lifting the file cabinet to its final height 
from the ground. 

Explain 2:  Explain how the work done by the applied force, the increase in potential energy of the 
file cabinet, and the work done against gravity in lifting the file cabinet  compare with one another 
when friction acts on the system.  Where does the “missing” energy go? 

 

Activity 3 
Title:  Refrigerator and Moving Van 

Summary:  In this activity the students will measure and compare the force needed to slide a block 
up a ramp and the force needed to slide the block slowly up a wooden ramp.  They will also calculate 
and compare the work done in lifting that block against gravity and the work done by the applied force 
in lifting the block directly.   

Standard:  PS2 (Ext) - 5 

Students demonstrate an understanding of energy by… 

5aa Identifying, measuring, calculating and analyzing qualitative and quantitative relationships associated with energy 
transfer or energy transformation. 
 

Specific Learning Goals:   

1. Understand that friction will cause an increase in the applied force needed to slide the object 
up a ramp.  Understand that the work done by the applied force in the presence of friction will 
be more than the increase in the object’s gravitational potential energy. 

2. Understand that some of the work done by the applied force will be converted to thermal 
energy. 



3. Understand that the sum of the thermal energy and the work done against gravity (or increase 
in gravitational potential energy) will equal the work done by the applied force in moving the 
object up the ramp. 

4. Understand that while energy is transformed, the total amount of energy is conserved. 

Prior Knowledge: 

1. The increase in gravitational potential energy near the earth’s surface = mgΔh 

2. Work can be calculated as W = F●d 

3. Work done against gravity in lifting an object can be calculated as W = FgΔh 

Schedule:  30-40 minutes 

Materials:  

o Force probe 

o Meterstick 

o Wooden block 

o Wooden ramp 

Engage:  John and Mike are discussing the problem of getting a heavy refrigerator into a moving van.  
John claims it will be easier to use a ramp than to lift directly into the van.  Mike claims it will be easier 
to lift the refrigerator directly into the van than to use a ramp.     

Predict:  Who is correct, John or Mike? 

Explore:  Use the equipment you have been provided with to make the measurements and 
calculations you will need to investigate your prediction. 

Explain:  In a sense John and Mike are both correct.  Justify the previous statement using your 
observations and calculations. 

 

 

 

 

 

 

 

 

 

 

 



Part II:  Energy Conservation in a Spring 
Activity 4  
Title:  Forces and Energy in a Spring 

Summary:  Students will use the “Masses and Springs” simulation from PhET to investigate the 
relationship between gravitational potential energy, spring potential energy, and mass. 

Standard:  PS2 (Ext) - 5 

Students demonstrate an understanding of energy by… 

5aa Identifying, measuring, calculating and analyzing qualitative and quantitative relationships associated with energy 
transfer or energy transformation. 
 

Specific Learning Goals: 

1. Understand how to calculate the force constant of a spring using the formula F = -k ∆x 

2. Understand that even though energy is transformed during the oscillation of a spring among 
gravitational potential energy, elastic potential energy, and kinetic energy, the total energy in 
the system remains constant. 

3. Understand how to calculate the gravitational potential energy for a mass which is lifted to a 
height above a table. 

4. Understand how to calculate the elastic potential energy for a spring which has been displaced 
by a certain distance. 

Prior Knowledge: 

1. The restoring force that a spring exerts on a mass is proportional to the displacement of the 
spring and the spring constant and is in a direction opposite the displacement: F = -k ∆x 

2. Gravitational potential energy is calculated by the formula:  PEg = mgΔh 

3. Elastic potential energy is calculated by the formula:  PEs = ½ k ∆x2 

4. In a mass and spring system at equilibrium, the restoring force is equal to the gravitational 
force on the suspended mass (Fg = mg) 

Schedule:  40-50 minutes 

Materials:  “Masses and Springs 2.02 PhET” 

Engage:  Three different masses are suspended from a spring.  How is the displacement of the 
spring related to the amount of mass suspended on that spring? 

Predict:  How is the amount that a spring stretches related to the amount of mass suspended from 
that spring? 

 

 

 



Explore:    

Open the Masses & Springs simulation and suspend a mass from the first spring.  When it comes to a 
rest, measure the displacement of the spring using the ruler, which may be dragged around the 
screen.  Record your measurements and repeat with two other masses on the same spring. 

 

Calculate the gravitational force acting on each mass and record.   

Explain:  How is the amount of displacement of the spring relate to the amount of gravitational force 
applied to it?  Use your data to calculate the force constant of the spring.  

Engage 2:  How would the observations you made in the exercise above change with a spring which 
is softer or harder than your original spring? 

Predict 2:  Which would elongate more with a given force, a softer spring or a harder spring? 

Explore 2:  Place a 50 g mass on spring 3.  Vary the stiffness of the spring from soft to hard using 
the slide on the right.  Record your observations. 

Explain 2:  In which spring does a force produce more elongation, a soft spring or a hard spring?  
Which would have a greater force constant, a soft spring or a hard spring?  Justify your answers 
using the observations you made and support your conclusions with mathematical reasoning. 

 



Engage 3:  How do gravitational potential energy, elastic potential energy, kinetic energy, and total 
energy change as a mass oscillates on a spring? 

Predict 3:  What will happen to gravitational potential energy, elastic potential energy, kinetic energy 
and total energy as a suspended mass oscillates on a spring? 

Explore 3:   

Set the friction on the simulation to none and click the button that says “Show Energy of 1”,  and get 
the 250 g mass to oscillate.  Slow the motion down by clicking the “1/16th time” button so that it will be 
easier for you to see what happens to energy during the oscillation. 

 

Observe and record how the gravitational potential energy, the elastic potential energy, the kinetic 
energy, and the total energy vary when the mass is at the top, middle, and bottom of its travel. 

Explain 3:  How do the gravitational potential energy, the elastic potential energy, the kinetic energy, 
and the total energy of this system vary as the mass travels through its oscillations?  How are your 
observations consistent with what you have previously learned by studying a mass and ramp? 

 

 

 



Engage 4:  When different masses are “dropped” while connected to a spring, how does the amount 
the mass drops relate to the amount of mass being dropped? 

Predict 4:  If three different masses are “dropped” while connected to a spring, which will drop more, 
a smaller mass or a larger mass? 

Explore 4:  Use the apparatus to measure and record the distance that three masses drop when 
released from the resting position of the spring alone. 

Explain 4:  Describe the relationship between the distance that a mass drops and the amount of 
mass being dropped.  Is it a direct relationship?  Explain why you think the relationship is as you 
observe. 

Engage 5:  A mass is oscillating on a spring.  How does the gravitational potential energy of he mass 
at the top of its travel (relative to the position of that mass at the bottom of its travel) compare with the 
elastic potential energy of the spring when the mass is at the bottom of its travel? 

Predict 5:  How does the amount of gravitational potential energy lost when a mass drops while 
connected to a spring compare with the amount of elastic potential energy gained by the spring when 
the mass is at its lowest point of travel? 

Explore 5:  Use the data collected in your earlier investigations to calculate and record the 
gravitational potential energy of an oscillating mass at the top of its travel and the elastic potential 
energy of the mass at the bottom of its travel. 

Explain 5:  How do the gravitational energy of an oscillating mass at the top of its travel (relative to 
the position of that mass at the bottom of its travel) compare with the elastic potential energy of the 
spring when the mass is at the bottom of its travel?  How are your observations consistent with what 
you learned earlier with your investigations of a mass on a ramp? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Activity 5 
Title:  Bungee Jumping  

Summary:  Students will decide how far a mass will drop when released from a height while 
connected to a spring.  This will model a bungee jumper jumping off a bridge.  The mass and spring 
will be the ball and rubber band from a paddle ball. 

Standard:  PS2 (Ext) - 5 

Students demonstrate an understanding of energy by… 

5aa Identifying, measuring, calculating and analyzing qualitative and quantitative relationships associated with energy 
transfer or energy transformation. 
 

Specific Learning Goals: 

1. Understand how to calculate the distance a mass will “drop” when it is released from a point 
using previously learned equations and the Law of Conservation of Energy. 

2. Understand how to measure the actual distance a mass will “drop” when released from a point. 

3. Understand how to explain discrepancies between the predicted “drop” and the actual “drop” 
for a mass on a spring. 

Prior Knowledge: 

1. Gravitational potential energy is calculated by the formula:  PEg = mgΔh 

2. Elastic potential energy is calculated by the formula:  PEs = ½ k ∆x2 

3. Law of Conservation of Energy 

Schedule:  40-50 minutes 

Materials:   

o Paddle ball 

o Meter stick 

o Digital scale 

Engage:  Brittany wants to bungee jump from a bridge.  What does she need to know in order to 
calculate if she can safely jump without hitting the river below? 

Predict:  If a “paddle ball” is dropped from a table top, how far will it fall before it “bottoms out”? 

Explore:  Use the materials you are given and what you have learned in the earlier investigations to 
determine how far a paddle ball will fall before it “bottoms out”.  Record the procedure you use as well 
as all your measurements, observations and calculations.  Once you have calculated how far the ball 
should drop, use the real paddle ball to observe how far the ball drops in reality and record your 
observation. 

Explain:  Does your measured value of the drop of the ball agree with your predicted value of the 
drop of the ball.  If there is a discrepancy, explain why it occurs and suggest how this discrepancy 
might be resolved. 


