
Active Physical Science 

Activity 6 Why Air Bags?

What Do You Think?
Air bags do not take the place of seat belts. Air
bags are an additional protection. They are
intended to be used with seat belts to increase
safety.

• Why are air bags effective? 

• How does the air bag protect you?

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

GOALS
In this activity you will:

• Model an automobile air
bag.

• Relate pressure to force
and area.

• Demonstrate that the
force of an impact can be
reduced by spreading it
out over a longer time.
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For You To Do
1. You will use a large plastic bag or a partially inflated beach

ball as a model for an air bag. Impact is provided by a heavy
steel ball, or just a good-sized rock, dropped from a height of
a couple of meters.

Gather the equipment you will need for this activity. Your
problem is to find out how long it takes the object to come to
rest. What is the total time duration from when the object first
touches the air bag until it bounces back? 

2. With a camcorder, videotape the object striking
the air bag from a given height, such as 1.5 m.

a) Record the exact height, from which you
dropped the object.

3. Play the sequence back, one frame at a time. Count
the number of frames during the time the object is
moving into the air bag—from the moment it first
touches the bag until it comes to rest, before
bouncing. Each frame stands for �3

1
0�
s. (Check your

manual.)

a) In your log, record the number of frames and calculate
how long it takes for the object to come to rest.
If a camcorder is not available, the experiment may be
performed, although less effectively, by attaching a ticker-
tape timer to the falling object.

After the object is dropped, with the object still attached,
stretch the tape from the release position to the air bag.
Mark the dot on the tape that was made just as the object
touched the air bag.

Now push the object into the air bag, about as far as it
went just before it bounced. Mark the tape at the dot that
was made as the object came to rest. The dots should be
close together for a short interval at this point.

Now count the time that passed between the two marks
you made. (You must know how rapidly dots are produced
by your timer.)

Set up the activity in 
an area clear of obstruction.
Arrange for containment of 
the dropped object.
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4. Repeat Steps 2 and 3, but this time drop the ball against a
hard surface, such as the floor. Keep the height from which
the object is dropped constant.

a) Record how long it takes for the object to come to rest on a
floor.

5. Choose two other surfaces and repeat Steps 2 and 3.

a) Record how long it takes the object to come to rest each
time.

b) In your log, list all the surfaces you tested in the order in
which you expect the most damage to be done to a falling
object, to the least damage.

c) Is there a relationship between the time it takes for the
object to come to rest and the potential damage to the
object landing on the surface? Explain this relationship
in your log.

PHYSICS TALK

Force and Impulse

Newton’s First Law states that an object in motion will
remain in motion unless acted upon by a net external
force. In this activity you were able to stop an object with a
force. In all cases the object was traveling at the same
speed before impact. Stopping the object was done quickly
or gradually. The amount of damage is related to the time
during which the force stopped the object. The air bag was
able to stop the object with little damage by taking a long
time. The hard surface stopped the object with more
damage by taking a short time.

Physicists have a useful way to describe these
observations. An impulse is needed to stop an object. That
impulse is defined as the product (multiplication) of the
force applied and the time that the force is applied.

➔

Physics Words
impulse: the product of
force and the interval 
of time during which the
force acts; impulse results
in a change in momentum.
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Impulse = F∆t

where F is force in newtons (N) 

∆t is the time interval during which the force is 
applied in seconds (s).

Impulse is calculated in newton seconds (Ns).

An object of a specific mass and a specific speed will need
a definite impulse to stop. Any forces acting for enough
time can provide that impulse.

If the impulse required to stop is 60 Ns, a force of 60 N
acting for 1 s has the required impulse. A force of 10 N
acting for 6 s also has the required impulse.

The greater the force and the smaller the time interval,
the greater the damage that is done.

Sample Problem

A person requires an impulse of 1500 Ns to stop. What
force must be applied to the person to stop in 0.05 s?

Strategy: You can use the equation for impulse and
rearrange the terms to solve for the force required.

Impulse = F�t

F = �
Imp

�

u
t
lse

�

Force Time Interval Impulse
F ∆ t F ∆ t

60 N 1 s 60 Ns
10 N 6 s 60 Ns
6000 N 0.01 s 60 Ns
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Reflecting on the Activity and the Challenge
People once believed that the heavier the automobile, the
greater the protection it offered passengers. Although a heavy,
rigid car may not bend as easily as an automobile with a
lighter frame, it doesn’t always offer more protection.

In this activity, you found that air bags are able to protect you
by extending the time it takes to stop you. Without the air
bags, you will hit something and stop in a brief time. This will
require a large force, large enough to injure you. With the air
bag, the time to stop is longer and the force required is
therefore smaller.

Force and impulse must be considered in designing your safety
system. Stopping an object gradually reduces damage. The
harder a surface, the shorter the stopping distance and the
greater the damage. In part this provides a clue to the use of
padded dashboards and sun visors in newer cars.
Understanding impulse allows designers to reduce damage
both to cars and passengers.

Givens:

Impulse = 1500 Ns

�t = 0.05 s

Solution:

F = �
Imp

�

u
t
lse

�

= �
1
0
5
.
0
0
0
5

N
s
s

�

= 30,000 N
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Physics To Go
1. If an impulse of 60 Ns is required to stop an object, list in

your log three force and time combinations (other than those
given in the Physics Talk) that can stop an object.

2. A person weighing 130 lb. (60 kg) traveling at 40 mph 
(18 m/s) requires an impulse of approximately 1000 Ns to
stop. Calculate the force on the person if the time to stop is:

a) 0.01 s
b) 0.10 s
c) 1.00 s

3. Explain in your log why an air bag is effective. Use the terms
force, impulse, and time in your response.

4. Explain in your log why a car hitting a brick wall will suffer
more damage than a car hitting a snow bank.

5. There are several other safety designs that employ the
concept of spreading out the time interval of a force. Describe
in your log how the ones listed below perform this task:

a) the bumper
b) a collapsible steering wheel
c) frontal “crush” zones
d) padding on the dashboard

6. There are many other situations in which the force of an
impulse is reduced by spreading it out over a longer time.
Explain in your log how each of the actions below effectively
reduces the force by increasing the time. Use the terms force,
impulse, and time in your response.

a) catching a hard ball
b) jumping to the ground from a height
c) bungee jumping
d) a fireman’s net

7. The speed of airplanes is considerably higher than the speed
of automobiles. How might the design of a seat belt for an
airplane reflect the fact that a greater impulse is exerted on
a plane when it stops?

8. Airplanes have seat belts. Should they also have air bags?
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