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4.3: Impulse

By the end of this section, you will be able to:

Define impulse.
Describe effects of impulses in everyday life.
Determine the average effective force using graphical representation.
Calculate average force and impulse given mass, velocity, and time.

The effect of a force on an object depends on how long it acts, as well as how great the force is. In [link], a very large force acting
for a short time had a great effect on the momentum of the tennis ball. A small force could cause the same change in momentum,
but it would have to act for a much longer time. For example, if the ball were thrown upward, the gravitational force (which is
much smaller than the tennis racquet’s force) would eventually reverse the momentum of the ball. Quantitatively, the effect we are
talking about is the change in momentum .

By rearranging the equation  to be

we can see how the change in momentum equals the average net external force multiplied by the time this force acts. The quantity 
 is given the name impulse. Impulse is the same as the change in momentum.

Change in momentum equals the average net external force multiplied by the time this force acts.

The quantity  is given the name impulse.

There are many ways in which an understanding of impulse can save lives, or at least limbs. The dashboard padding in a car, and
certainly the airbags, allow the net force on the occupants in the car to act over a much longer time when there is a sudden stop.
The momentum change is the same for an occupant, whether an air bag is deployed or not, but the force (to bring the occupant to a
stop) will be much less if it acts over a larger time. Cars today have many plastic components. One advantage of plastics is their
lighter weight, which results in better gas mileage. Another advantage is that a car will crumple in a collision, especially in the
event of a head-on collision. A longer collision time means the force on the car will be less. Deaths during car races decreased
dramatically when the rigid frames of racing cars were replaced with parts that could crumple or collapse in the event of an
accident.

Bones in a body will fracture if the force on them is too large. If you jump onto the floor from a table, the force on your legs can be
immense if you land stiff-legged on a hard surface. Rolling on the ground after jumping from the table, or landing with a parachute,
extends the time over which the force (on you from the ground) acts.

Try catching a ball while “giving” with the ball, pulling your hands toward your body. Then, try catching a ball while keeping
your hands still. Hit water in a tub with your full palm. After the water has settled, hit the water again by diving your hand with
your fingers first into the water. (Your full palm represents a swimmer doing a belly flop and your diving hand represents a
swimmer doing a dive.) Explain what happens in each case and why. Which orientations would you advise people to avoid and
why?

Summary
Impulse, or change in momentum, equals the average net external force multiplied by the time this force acts:

Forces are usually not constant over a period of time.
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Glossary

change in momentum
the difference between the final and initial momentum; the mass times the change in velocity

impulse
the average net external force times the time it acts; equal to the change in momentum

Contributors and Attributions
Paul Peter Urone  (Professor Emeritus at California State University, Sacramento) and Roger Hinrichs (State University of New
York, College at Oswego) with Contributing Authors: Kim Dirks (University of Auckland) and Manjula Sharma (University of
Sydney). This work is licensed by OpenStax University Physics under a Creative Commons Attribution License (by 4.0).

This page titled 4.3: Impulse is shared under a CC BY license and was authored, remixed, and/or curated by OpenStax.

Current page by OpenStax is licensed CC BY 4.0.
8.2: Impulse by OpenStax is licensed CC BY 4.0. Original source: https://openstax.org/details/books/college-physics.

https://libretexts.org/
https://creativecommons.org/licenses/by/4.0/
https://phys.libretexts.org/@go/page/47035?pdf
http://creativecommons.org/licenses/by/4.0/
https://phys.libretexts.org/Courses/Skyline/Survey_of_Physics/04%3A_Momentum/4.03%3A_Impulse
https://creativecommons.org/licenses/by/
https://openstax.org/
https://phys.libretexts.org/@go/page/47035
https://openstax.org/
https://creativecommons.org/licenses/by/4.0/
https://phys.libretexts.org/@go/page/1538
https://openstax.org/
https://creativecommons.org/licenses/by/4.0/
https://openstax.org/details/books/college-physics

