
Active Physical Science 

Activity 9 Cushioning Collisions (Computer Analysis)

What Do You Think?
The use of sand canisters around bridge supports
and crush zones in cars are examples of
technological systems that are designed to

minimize the impact of collisions between a car and a
stationary object or another car.

• How do these technological systems reduce the impact of the
primary collision?

Record your ideas about this question in your Active Physics
log. Be prepared to discuss your responses with your small
group and the class.

For You To Do
1. In this investigation you will be using a force

probe that is attached to a computer to
determine the effectiveness of different types of
cushions for a toy vehicle. Release a toy car at 

GOALS
In this activity you will:

• Apply the concept of
impulse in the analysis of
automobile collisions.

• Use a computer’s motion
probe (sonic ranger) to
determine the velocity of
moving vehicles.

• Use a computer’s force
probe to determine the
force exerted during a
collision.

• Compare the momentum
of a model vehicle before
the collision with the
impulse applied during
the collision.

• Explore ways of using
cushions to increase the
time that a force acts
during a primary collision.
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the top of a ramp and measure the force of impact as it
strikes a barrier at the bottom. A sonic ranger can be
mounted on the ramp to measure the speed of the toy car
prior to the collision. Open the appropriate computer files to
prepare the sonic ranger to graph velocity vs. time and the
force probe to graph force vs. time.

2. Mount the sonic ranger at the bottom of a ramp and place the
force probe against a barrier about 10 cm from the bottom of
the ramp, as shown in the diagram. Attach an index card to
the back of the car, to obtain better reflection of the sound
wave and improve the readings of the sonic ranger.

3. Conduct a few runs of the car against the force probe to
ensure that the data collection equipment is working
properly.

4. Attach a cushioning material to the front of the car. Conduct
a number of runs with the same type of cushioning. Make
sure that the car is coasting down the same slope from the
same position each time.

a) Make copies of the velocity vs. time and force vs. time
graphs that are displayed on the computer.

5. Repeat Step 4 using other types of cushioning materials.

a) Record your observations in your log.
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Perform the activity
outside of traffic areas. Do not
obstruct paths to exits. Do not
leave carts lying on the floor.
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6. Use the graphical information you obtained in this activity to
answer the following:

a) Compare the force vs. time graphs for the cushioned cars
with those for the cars without cushioning.

b) Compare the areas under the force vs. time graphs for all
of the experimental trials.

c) Compute the momentum of the car (the product of the
mass and the velocity) prior to the collision and compare it
with the area under the force vs. time graphs.

d) Summarize your comparisons in a chart.
e) How can impulse be used to explain the effectiveness of

cushioning systems?
f) Describe the relationship between impulse (F∆t) and the

change in momentum (m∆v).

PHYSICS TALK

Change in Momentum and Impulse

Momentum is the product of the mass and the velocity of
an object.

p = mv

where p is the momentum,

m is the mass,

and v is the velocity.

Change in momentum is the product of mass and the
change in velocity.

∆p = m∆v

Impulse = change in momentum

F∆t = m∆v
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Sample Problem

A vehicle has a mass of 1500 kg. It is traveling at 15.0 m/s.
Calculate the change in momentum required to slow the
vehicle down to 5.0 m/s.

Strategy: You can use the equation for calculating the
change in momentum.

�p = m�v

Recall that the ∆ symbol means “the change in.” If you
know the final and initial velocities you can write this
equation as:

�p = m(vf � vi)

where vf is the final velocity and 

vi is the initial velocity.

Givens:

m= 1500 kg

vf = 5.0 m/s

vi = 15.0 m/s

Solution:

�p = m (vf � vi)

= 1500 kg (5.0 m/s � 15.0 m/s)

= 1500 kg (�10.0 m/s)

= � 15,000 kg � m/s
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Reflecting on the Activity and the Challenge
What you learned in this activity better prepares you to defend
the design of your safety system. The principles of momentum
and impulse must be used to justify your design. Previously,
you discovered objects with greater mass are more difficult to
stop than smaller ones. You determined that increasing the
velocity of objects also makes them more difficult to stop.
Objects that have a greater mass or greater velocity have
greater momentum.

Linking the two ideas together allows you to begin examining
the relationship between momentum and impulse. For a large
momentum change in a short time, a large force is required. A
crushed rib cage or broken leg bones often result. The change in
the momentum can be defined by the impulse on the object.

What device will you use to increase the stopping time for the
Chapter Challenge activity? Make sure that you include
impulse and change in momentum in your report. Your design
features must be supported by the principles of physics.

Physics To Go
1. Helmets are designed to protect cyclists. How would the

designer of helmets make use of the concept of impulse to
improve their effectiveness?

2. The Congress of the United States periodically reviews
federal legislation that relates to the design of safer cars.
For many years, one regulation was that car bumpers must
be able to withstand a 5 mph collision. What was the intent
of this regulation? The speed was later lowered to 3 mph.
Why? Should it be changed again?

3. If a car has a mass of 1200 kg and an initial velocity of 
10 m/s (about 20 mph) calculate the change in momentum
required to:

a) bring it to rest
b) slow it to 5 m/s (approximately 10 mph)
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4. If the braking force for a car is 10,000 N, calculate the
impulse if the brake is applied for 1.2 s. If the car has a mass
of 1200 kg, what is the change in velocity of the car over this
1.2 s time interval?

5. A 1500-kg car, traveling at 5.0 m/s after braking, strikes a
power pole and comes to a full stop in 0.1 s. Calculate the
force exerted by the power pole and brakes required to stop
the car.

6. For the car described in Question 5,
explain why a breakaway pole that brings
the car to rest after 2.8 s is safer than the
conventional power pole.

7. Write a short essay relating your
explanation for the operation of the
cushioning systems to the explanation of
the operation of the air bags.

8. Explain why a collapsible steering wheel
is able to help prevent injuries during a
car crash.

9. Compare and contrast the two force vs.
time graphs shown.

Stretching Exercises
Package an egg in a small container so that the egg will not
break upon impact. Your teacher will provide the limitations in
the construction of your package. You may be limited to two
pieces of paper and some tape. You may be limited to a certain
size package or a package of a certain weight. Bring your
package to class so that it can be compared in a crash test with
the other packages.

(Hint: Place each egg in a plastic bag before packaging to help
avoid a messy cleanup.)
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