
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? 

 


