Lesson Plans for Momentum and Impulse
Prior Knowledge: Students are proficient with the concepts and equations of basic kinematics and Newton’s
Laws, to the level of the California Physics Content Standards. If mechanical energy covered beforehand,
this unit can be extended to accommodate energy analysis with respect to elastic versus inelastic collisions.

1. Intro to Momentum
Objective:
Students explore and construct meaning of momentum.
Engage
1. Teacher asks students, “What does it mean for a sports team to have momentum?” “What is momentum?”
a. Students will respond with something like “They can not be stopped.”
b. Teacher says, “So, if a team has no momentum, then…?” Students will probably respond,
“…They are easy to stop.” Or, “They are already stopped.”
c. Teacher concretizes momentum as “how hard it is to stop something,” making it clear this is just
a temporary working definition.
Explore and Explain
2. With a ping pong ball, golf ball and marble, students are to figure out the factors involved in momentum.
Elaborate
3. Students hypothesize what the equation for momentum is, briefly test it, then report out.
Evaluate
4. Students do a problem set on momentum with conceptual and computational problems.
5.

2. Conservation of Momentum
Objective: Students are to construct the idea of the conservation of momentum, and its equations, with respect to
elastic and inelastic collisions.
Engage and Explore
1. On horizontal track, students send a ball to collide with a stationary ball and make observations. They
should have a golf ball, a ping pong ball, and a marble. Groups can share so that the same type of ball can
be collided for comparison. The teacher wants to try to limit collisions to 1 dimension.
a. For example, the teacher could say, “Set the ping pong ball at rest in the middle of the track.
Send the golf ball toward the ping pong ball and observe the collision. What happens if the balls
are reversed? What happens if you use two golf balls? Try different combinations, make

diagrams of your observations, and try to find an equation.” The teacher can prompt students
with the following…
Collisions Observation Guide
Predict what will happen
Observe the collisions.
Draw a diagram of what you see.
Explain what happened.
Find the equation.
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Explain
2. Lead students on a discussion of their observations and equations. Use questioning techniques to guide
students to the concept and equation of the conservation of momentum and it elastic collision form.
3. Students should do some conceptual and computational questions on elastic collisions.
Elaborate
4. Teacher demonstrates the Newton’s Pendulum. Show one ball hitting the 4 balls at rest. Show two balls
hitting the 3 balls at rest. If time allows, have students continue to 3 and 4 balls hitting the others.
a. Have students explain what is happening and why. “Does this agree with the Law of the
Conservation of Momentum?” “Predict what will happen when 4 balls collide with the 1 ball at
rest”
b. Isolate 2 balls and put a lump of clay on one ball. Ask, “What do you think will happen if I put a
piece of clay in front of the ball at rest and let the other one go?” Have students make observations
and connect those observations to the Law of Conservation of Momentum.
c. Explicitly go over elastic and inelastic collisions. The PhET Collision Lab is another good resource
for additional student exploration and elaboration, or for additional demonstrations
( http://phet.colorado.edu/en/simulation/collision-lab ).
Evaluate
5. Students should do problems on elastic and inelastic collisions, separately at first, then mixed collisions
(where they have to decide if the collision is elastic or inelastic) later. Students need to know Conservation

of Kinetic Energy in order to solve elastic collisions. If you don’t/haven’t taught this, be careful regarding
your problem sets!

3. Impulse
Objective: Students design and carry out an investigation to identify the factors involved in the impulse equation,
Ft=Δmv.

Engage and Explore
1. Teacher says, “If I were to drop this golf ball on a book and then on a foam pad, what would be the same,
and what would be different between the two phenomena?” Hold a golf ball above a book and then hold
the golf ball above a foam pad.
2. Students write down their prediction and then try it out.
Explain
3. Ask students to answer these prompts…
a. What are the factors involved in these phenomena?
b. Which of these factors stay the same, and which change?
4. Through discussion, guide students to construct the impulse equation.
Elaborate
5. Take the students outside for a water balloon toss. Give students one water balloon per pair. Before you
go outside, tell students to think about this prompt and they will answer it after the toss…
a. Explain the water balloon toss in terms of impulse. Use the words “force”, “time”, “change
of…”, “mass”, and “velocity” to accurately describe what happens during a water balloon toss.
What must be done so that that the water balloon does not break? In those terms, what happens
when the water balloon breaks?
Evaluate
6. Students should do a problem set using the concept and equation for impulse.

4. Culminating Activity – Vehicle Safety Engineering (the egg drop)
Engage
1. Introduce the Culminating Activity (if not done at the beginning of the unit). Inform students that they
are going to play the role of Vehicle Safety Engineers. In order to design and build cars to help people
safely survive auto accidents, the students are to design and build a device that will keep an egg from
breaking after being dropped from a tall height. (A water balloon can be used as an alternative.)
Explore and Explain
1. Force to Break an Egg
a. Ask students, “How much force can an egg withstand? Devise a test and carry it out.” Students
carry out the test and determine the force required to break an egg. (A water balloon can be used
as an alternative.)
Elaborate
2. Materials Test
a. Students design and carry out a controlled test to determine which material will best help their
egg survive.
i. Teacher says to students, “Based on the impulse equation, in order for an egg to survive
an impact, should the collision take a longer time or a shorter time?” It may help to
explicitly rewrite Ft = Δmv into F = Δmv/t (but with the t written underneath). Then
substitute a small and a large number for t and have the students see what happens to the
force. Or, this could be worked into the problem sets.
ii. “Based on the answer to the question above, design a controlled test to determine which
material would best increase or decrease time during a collision.” Students are to base
their test on materials in the T4T cart.
iii. Students carry out the test.
iv. Students explain, “Which material is best? Use evidence from your test to support your
answer?”
Evaluate
3. The Egg Drop
a. Main Question – Use the impulse equation to determine how much time is needed to safely bring
an egg to rest from a tall drop.
4. Students gather their materials and construct their containers.
5. Teacher instructs students to think about what data will need to be collected
a. Important data
i. Mass of egg
ii. Force to break egg (already determined)
iii. Time of fall (alternatively, height of fall)

6. Teacher facilitates the egg drop from a tall height.
7. Lab Write-up
b. Students write a formal lab write up
i. To be determined/reported (Ft=Δmv)…
1. Force to break an egg
2. Mass of egg
3. Final velocity of egg
4. Velocity of egg just before impact
5. Time it should take for an egg to safely come to rest (assuming no bounces)
ii. To be discussed…
1. A rationale for the materials they used (drawn from the Materials Test)
2. Did your egg survive? In terms of the impulse equation, explain why/how your
egg either survived or was cracked.
3. Does the mass of a device matter? Why or why not.
4. Would it be better to use a hard/solid exterior or a soft/malleable exterior for a
device? Why? Give reasons.
Teacher’s Guide for calculations in the Lab Write-up
We are looking for the time the egg needs to survive the crash from the impulse equation

Ft=Δmv

Because the mass does not change we can rearrange… Ft=mΔv.
t = ? (we are looking for the time)
F = force to break an egg (measured from the force to break an egg test)
m = mass of egg
Δv = vf - vi
vf = 0 (assuming no bounces)
vi = the velocity at the beginning of the crash (the velocity at the end of the fall)
We will find this by analyzing the fall of the egg.
Analyzing the fall to determine the final velocity (the initial velocity of the crash)… a = (vf - vi)/t
2
a = 9.8m/s
(we are assuming free-fall)
vf = ?
(We are looking for this. It will be the initial velocity of the crash)
vi = 0
t = time for egg to fall to ground, measured by stopwatch

*During all activities teacher serves as a facilitator of student learning (i.e. student centered instruction). Most tasks
should be completed by students after simple directions, or facilitated questions to enhance student learning.
Accommodations: All individual accommodations for students should be met with respect to your particular
students and classroom dynamics and will vary from class to class and group to group. Facilitator should always
differentiate instruction by providing the necessary blend of guidance and exploration for each student group and their
specific needs.

