
Active Physical Science 

Activity 7 Automatic Triggering Devices

What Do You Think?
An air bag must inflate in a sudden crash, but must
not inflate under normal stopping conditions.

• How does the air bag “know” whether to inflate?

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
Inquiry Investigation

1. Form engineering teams of three to five students.
Meet with your engineering team to design an 

automatic air bag triggering device using a knife switch, rubber
bands, string, wires, and a flashlight bulb. Other materials may
also be supplied by you or your teacher.

GOALS
In this activity you will:

• Design a device that is
capable of transmitting a
digital electrical signal
when it is accelerated in a
collision.
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Safety

Be sure to receive your
teacher’s approval before using
any material.

FOR YOU TO READ

Impulse and Changes in
Momentum

It takes an unbalanced, opposing force to stop
a moving car. Newton’s Second Law lets you
find out how much force is required to stop
any car of any mass and any speed.

The overall idea can be shown using a concept
map.

If you know the mass and can determine the
acceleration, you can calculate the force using
Newton’s Second Law:

F = ma

A moving car has a forward velocity of 
15 m/s. Stopping the car gives it a final velocity
of 0 m/s.

The change in velocity = vfinal – vinitial

= 0 – 15 m/s 
= –15 m/s.

Any change in velocity is defined as
acceleration.

In this case the change in velocity is –15 m/s.
If the change in velocity occurs in 3 s, the
acceleration is –15 m/s in 3 s, or –5 m/s every
second, or –5 m/s2.You can look at this as an
equation:

F = ma

F is force
m is mass
a is acceleration

a = �v/�t

�v is change in velocity
�t is the time interval

�v = vf – vi

vf is final velocity
vi is initial interval

where

and

2. The design parameters are as follows:

• The device must turn a flashlight bulb on, or turn it off. This
will be interpreted as the trigger signal.

• The device must not trigger if the car is brought to a sudden
stop from a slow speed.

• The device must trigger if the sudden stop is from a high speed.
• The car containing the device must be released down a ramp.

The car will then strike a wall at the bottom of the ramp.
• The battery and bulb must be attached to the car along with the

triggering device. The bulb does not have to remain in the final
on or off state, but it must at least flash to show triggering.

3. Follow your teacher’s guidelines for using time, space, and
materials as you design your triggering device.

4. Demonstrate your design team’s trigger for the class.
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If the car had stopped in 0.5 s, the change in
speed is identical, but the acceleration is now:

a = �
∆
∆

v
t

� = �
vf

∆
–
t
vo

� = = –30 m/s2

Newton’s Second Law informs you that
unbalanced outside forces cause all
accelerations.The force stopping the car may
have been the frictional force of the brakes and
tires on the road, or the force of a tree, or the
force of another car. Once you know the
acceleration, you can calculate the force using
Newton’s Second Law. If the car has a mass of
1000 kg, the unbalanced force for the
acceleration of –5 m/s every second would be 
–5000 N.The force for the larger acceleration
of –30 m/s every second would be –30,000 N.
The negative sign tells you that the unbalanced
force was opposite in direction to the velocity.

The change in velocity, acceleration, and force
give a complete picture.

There is another, equivalent picture that
describes the same collision in terms of
momentum and impulse.

Any moving car has momentum. Momentum is
defined as the mass of the car multiplied by its
velocity p = mv.

The impulse/momentum equation tells you that
the momentum of the car can be changed by
applying a force for a given amount of time.

Using the impulse/momentum approach
explains something different about a collision.
Consider this question,“why do you prefer to
land on soft grass rather than on hard
concrete?” Soft grass is preferred because the
force on your legs is less when you land on
soft grass. Let’s find out why using Newton’s
Second Law and then by using the
impulse/momentum relation.

0 m/s–15 m/s
��

0.5 s

0 m/s–15 m/s
��

3s
where

Impulse = change in momentum

�p = F�t �p = M�v

➔
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Safety

Newton’s Second Law explanation:
Whether you land on concrete or soft grass,
your change in velocity will be identical.Your
velocity may decrease from 3 m/s to 0 m/s. On
concrete, this change occurs very fast, while on
soft grass this change occurs in a longer period
of time.Your acceleration on soft grass is
smaller because the change in velocity
occurred in a longer period of time.

a = 

When the change in the period of time gets
larger, the denominator of the fraction gets
larger and the value of the acceleration gets
smaller.

When landing on grass, Newton’s Second Law
then tells you that the force must be smaller
because the acceleration is smaller for an
identical mass. F = ma. Smaller acceleration on
grass requires a smaller force. Smaller forces
are easier on your legs and you prefer to land
on soft grass.

Momentum/impulse explanation: Whether
you land on concrete or soft grass, your
change in momentum will be identical.Your 

velocity will decrease from 3 m/s to 0 m/s on
either concrete or grass.

F∆t = ∆p

You can get this change in momentum with a
large force over a short time or a small force
over a longer time.

If your mass is 50 kg, the amount of your
change in momentum may be 150 kg m/s,
when you decrease your velocity from 3 m/s
to 0 m/s.There are many forces and associated
times that can give this change in the value of
the momentum.

If you could land on a surface that requires 
3 s to stop, it will only require 50 N. A more
realistic time of 1 s to stop will require a larger
force of 150 N. A hard surface that brings you
to a stop in 0.01 s requires a much larger force
of 15,000 N.

On concrete, this change in the value of the
momentum occurs very fast (a short time) and
requires a large force. It hurts. On soft grass
this change in the value of the momentum
occurs in a longer time and requires a small
force: it is less painful and is preferred.

∆v
�∆t

Change in value of Force Change in Time F∆t
momentum ∆t

150 kg m/s 50 N 3 s 150 kg m/s

150 kg m/s 75 N 2 s 150 kg m/s

150 kg m/s 150 N 1 s 150 kg m/s

150 kg m/s 1500 N 0.1 s 150 kg m/s

150 kg m/s 15,000 N 0.01 s 150 kg m/s
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Physics To Go
1. How do impulse and Newton’s First Law (the Law of Inertia)

play a role in your air bag trigger design?

2. Imagine a device where a weight is hung from a string
within a metal can. If the weight hits the side of the can, a
circuit is completed. How do impulse and the Law of Inertia
work in this device?

3. In cars built before 1970, the dashboard was made of hard
metal. After 1970, the cars were installed with padded
dashboards like you find in cars today. In designing a safe
car, it is better to have a passenger hit a cushioned
dashboard than a hard metal dashboard.

a) Explain why the padded dashboard is better using
Newton’s Second Law.

b) Explain why the padded dashboard is better using impulse
and momentum.

4. Why would you prefer to hit an air bag during a collision
than the steering wheel?

a) Explain why the air bag is better using Newton’s Second Law.
b) Explain why the air bag is better using impulse and

momentum.

5. Explain why you bend your knees when you jump to the
ground.

6. Catching a fast ball stings your hand. Why does wearing a
padded glove help?

7. When a soccer ball hits your chest, you can stiffen your body
and the ball will bounce away from you. In contrast, you can
“soften” your body and the ball drops to your feet. Explain
how the force on the ball is different during each play.

Stretching Exercises
1. How does a seat belt “know” to hold you firmly in a crash, but

allow you to lean forward or adjust it without locking? Write
your response in your log.

2. Go to a local auto repair shop, junk yard, or parts supply
store. Ask if they can show you a seat belt locking
mechanism. How does it work? Construct a poster to 
describe what you have learned.

Physics Words
Newton’s Second Law of
Motion: if a body is acted
upon by an external
force, it will accelerate 
in the direction of the
unbalanced force with an
acceleration proportional
to the force and inversely
proportational to the
mass.

velocity: speed in a given
direction; displacement
divided by the time
interval; velocity is a
vector quantity, it has
magnitude and direction.

acceleration: the change
in velocity per unit time.

momentum: the product
of the mass and the
velocity of an object;
momentum is a vector
quantity.
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