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In this activity, students measure the transformation of potential energy into kinetic
energy. The activity consists of three parts. In part one, students experience how the
height of a ramp affects the distance a marble will travel across a surface. In part two,
students vary the mass of balls rolling down a ramp to experience changes in the distance
the ball travels. In part three, students use information gathered in the first two parts to
solve an engineering challenge. Each part requires one class period.

PS.7.2.1 Construct an explanation to summarize how kinetic and potential energy
contribute to the mechanical energy of an object.

PS.7.2.2 Engage in argument from evidence to explain how energy can be transformed
from one form to another, specifically potential energy and kinetic energy
(models could include roller coasters, pendulums, or cars on ramps as
examples).

PS.7.2.3 Carry out investigations to conclude that energy can be transferred from one
system to another when two objects push or pull on each other a distance (work)
in a mechanical system using qualitative data.

Students will develop an understanding of the following ideas and content:
e Potential and kinetic energy

e Factors that affect potential and kinetic energy

To lift a marble above the floor, you have to do work on the marble against the force of
gravity. The work done on the marble is stored as a form of energy called “potential
energy.” This is a form of energy associated with position. As long as the marble remains
at a certain height above the floor (above the Earth) the stored potential energy is constant.
When we drop the marble, the potential energy transforms into the energy of motion,
which we call “kinetic energy.”

The amount of potential energy stored and the amount of kinetic energy released are
directly related. In this investigation, students store potential energy by raising a marble a
measured distance above the floor. When the marble is released, it rolls down the ramp to
push a folded index card across the floor. The distance the card slides serves as a way to
measure the amount of energy released by the marble. Students find a relationship between
the height of the ramp and the distance the card slides: the higher the ramp, the farther the
card slides. The more potential energy in the marble, the more kinetic energy it releases.
Potential energy is also related to mass. Objects of different mass raised to the same height
have different amounts of potential energy. Those with more mass have more, and they
release more kinetic energy. Part two gives students experience with balls of different
mass.
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Part 1 — How Does Height Affect Kinetic Energy?

Materials Materials for the whole class
e Masking tape

Materials for groups of 2
e Marble
o 2 rulers
e One 47x6” index card
e Tape measure
Potential and Kinetic Energy - Height Student Activity Sheet (SD 1), one per student

Procedure . Ask students to share examples of energy and to explain what they think about it.
Accept all answers without correction.

2. Hold a book a few feet above a table, as still as possible. Ask the class if the book has
energy?
Accept all answers.

3. Drop the book and repeat the question.

4. Introduce a working definition of energy: “Energy is what makes things move or
change.” Explain that we will explore energy during the next several activities.

5. Pass out materials to students and walk the students through the preparation section of
SD 1 to ensure their set-up is correct.

6. Allow students time to complete the experiment and analysis questions on SD 1.

Content 1. Ask students to share their results and discuss the analysis uestions on SD 1.
Connection a. How did the height of the marble affect the distance the card traveled?
Students will recognize that the higher the marble, the farther it will push the
index card. At this point, students may not make the connection between
greater starting height and higher potential energy. That is OK. This
connection will be made explicit later in the lesson.

b. At which height did the marble have more energy? How do you know?What
data did you collect that can support this?
The marble has more energy at the highest height. Students should reference
data that shows the farthest distance the card moved to support their answer.

c. Give examples of potential and kinetic energy from this activity.
When the student is holding the marble at the top of the ramp, the marble has
potential energy. As soon as the marble is released it has kinetic energy.

d. What other factors may have affected the results?
Students may notice things like irregularities in the surface of the floor impact
the distance the marble travels. If the floor changes from tile to carpet or has a
bump, then that can act as friction and work against the movement of the
marble. Some may even mention the way the marble is released could have
an impact. (Is it just released or is it getting a small push?)

2. Share the following definition with the class:
Potential energy is energy that is stored in an object. An object that is not in
motion can have potential energy.
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3. Ask students to provide an example of potential energy from the activity and record

Content factors that can affect potential energy on SD 1.
Connection At this point students should be able to explain that a marble sitting on the ramp has
cont. potential energy, and that its height is a factor that affects its potential energy.

Students will see the effect of mass on potential energy in Part 2.

4. Share the following definition with the class:
Kinetic energy is the energy that an object possesses due to its motion.

5. Ask students to provide an example of kinetic energy from the activity and record
factors that can affect kinetic energy on SD 1.
At this point students should be able to explain that as soon as the marble moves
faster or slower it has kinetic energy. At this point students are unlikely to think of
mass.

6. Explain that both potential and kinetic are forms of mechanical energy that involve
motion.

Part 2 — How Does Mass Affect Kinetic Energy?

Materials Materials for the whole class
e Masking tape

Materials for groups of 2

e Marble

e Steel ball

e Wooden ball

e 2 rulers

e One 4”x6” index card

e Tape measure

e Potential and Kinetic Energy - Mass Student Activity Sheet (SD 2), one per student

Procedure 1. Ask students to share what they have learned about potential and kinetic energy,
including how height affected their results.

2. Ask students to speculate how the mass of the ball might affect potential and kinetic
energy.

3. Pass out materials to students and walk the students through the preparation section
of SD 2 to ensure their set-up is correct.

4. Allow students time to complete the experiment and analysis questions on SD 2.

Content 1. Ask students to share their results and discuss the analysis questions on SD 2.
Connection a. How did the mass of the marble affect the distance the card traveled?
Students will recognize that the greater the mass, the farther it will push the
index card. At this point, students may not make the connection between
greater mass and higher potential energy. That is OK. This connection will
be made explicit later in the lesson.

b. Give examples of potential and kinetic energy from this activity.
Each time a ball is placed at the top of the ramp it has potential energy. As
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soon as the ball is released it has kinetic energy.

Content
Connection What other factors may have affected the results?

T Students may notice things like irregularities in the surface of the floor or the
individual balls that impact the distance the balls travels. If the floor changes
from tile to carpet or has a bump, or the ball has small bumps then that can act
as friction and work against the movement of the ball. Some may even
mention the way the ball is released could have an impact. (Is it just released
or is it getting a small push?)

2. On SD 2, have students explain how mass can affect potential and kinetic energy,
using examples from the experiment.

Part 3 — Hit Your Mark

Materials Materials for the whole class

e Masking tape

Materials for groups of 2

e Marble

o Steel ball

e Wooden ball

o 2 rulers

e One 47x6” index card

e Tape measure

e Hit Your Mark Student Activity Sheet (SD 3), one per student

Procedure 1. Explain that the class will use the set up and materials from the previous two parts of
this activity.
2. Their goal is to solve the three challenges in as few trials as possible. Students are

encouraged to use all data they have collected from part 1 and 2 of this activity. Ask
them to record all their data on SD 3.

Challenge 1:

Using the steel ball, what ramp height will cause the folded index card to travel
58cm? (Allow a range of 57-59 cm).

Challenge 2:

Using the marble, what ramp height will cause the folded index card to travel 25cm?
(Allow a range of 24-26cm).

Challenge 3:

Using the wooden ball, what ramp height will cause the folded index card to travel
15cm? (Allow a range of 14-16¢cm).

Content [.cad a class discussion about potential and kinetic energy and factors that affect them,
Connection  (¢[ated to the activity.

Guided Practice/  Identify how energy is transferred in the setup. Include the words potential energy
Formative Assessment and kinetic energy.
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SD1 Potential & Kinetic Energy - Height Student Activity Sheet
pg. 1 of 2
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Preparation

1. Place about 3 inches of masking tape on the floor perpendicular to the direction your index card will slide. Allow
about a meter of room beyond the tape to measure the distance that the index card slides.
2. Fold an index card in half, lengthwise, then once again in the middle to make a “V.”
3. Setup 2 rulers and a folded index card on the floor as shown in the figure so that the bottom of the ramp touches
the far side of the masking tape and the index card is at the bottom of the ramp.
4. Practice releasing the marble at different heights and measuring the distance the card travels.
Experiment
1. Choose 3 heights from which to roll the marble. Test heights may range from 3-15 cm. Record your heights on the
table below. You will roll 3 times from each height and record the results.
2. Test, collect and record data. Choose the median distance for each height.
Ramp Height Trial 1 Trial 2 Trial 3 Median
cm
cm

cm
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SD1 Potential & Kinetic Energy - Height Student Activity Sheet
pg. 2 of 2

Analysis

1. How did the height affect the distance the card traveled? Support your claim with evidence.

2. At which height did the marble have more energy? How do you know? What data did you collect that can support this?

3. Give examples of potential and kinetic energy from this activity.

4. What other factors could change how far the marble travels? Why
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Potential & Kinetic Energy - Mass Student Activity Sheet

/

Rulers

Masking tape
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1. Place about 3 inches of masking tape on the floor perpendicular to the direction your index card will slide. Allow

about a meter of room beyond the tape to measure the distance that the index card slides.

2. Fold an index card in half, lengthwise, then once again in the middle to make a “V.”

3. Setup 2 rulers and a folded index card on the floor as shown in the figure so that the bottom of the ramp touches
the far side of the masking tape and the index card is at the bottom of the ramp. Set the ramp ruler at 1 cm.

Prediction

1. Which ball will push the card farthest? How far do you expect it to go?

2. Which ball will push the card the shortest distance? How far do you expect it to go?

Experiment

1. Release all three balls—glass, wood, and steel—from 10cm. Roll each ball 3 times and record the results on the table

below.

2. Test, collect and record data. Choose the median distance for each ball.

Ball Type

Trial 1

Trial 2

Trial 3

Median

Wood (1.5g)

Glass (4.8g2)

Steel (16.3g)
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SD 2 Potential & Kinetic Energy - Mass Student Activity Sheet
pg. 2 of 2

Analysis

1. How did the mass affect the distance the card traveled? Support your claim with evidence.

2. How did the results compare to your predictions?

3. Give examples of potential and kinetic energy from this activity.

4. What other factors may have affected the results?



Support Documents

SD 3
pg. 1 of 2

Challenge 1

Hit Your Mark Student Activity Sheet
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Using the steel ball, what ramp height will cause the folded index card to travel 58cm? (range of 57-59 cm).

Ramp Height

Reason For Height

Distance Card Travel

Challenge 2

Using the marble, what ramp height will cause the folded index card to travel 25¢cm? (range of 24-26¢cm).

Ramp Height

Reason For Height

Distance Card Travel
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Challenge 3

Hit Your Mark Student Activity Sheet
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Using the wooden ball, what ramp height will cause the folded index card to travel 15cm? (range of 14-16cm).

Ramp Height

Reason For Height

Distance Card Travel






