California Physics Standard 2d
          Send comments to:  layton@physics.ucla.edu
Note:  The Framework does not introduce Impulse in this Standard but chooses to do so later in Standard 2f.  We believe that just as work should be introduced with energy, impulse should be introduced with momentum.  This helps students understand that Work transfers energy and Impulse transfers momentum.   It also helps students to focus on how force and distance relate to energy and force and time relate to momentum.

2. The laws of conservation of energy and momentum provide a way to predict and describe the movement of objects.  As a basis for understanding this concept: 
d. How to calculate momentum as product mv.

Students often confuse the concepts inertia, momentum and kinetic energy.  (So did many of the leading scientists in world up to about the mid 19th century!)  Perhaps at this time a discussion with your students that stresses and clarifies following might be useful:

Inertia is the tendency of an object to resist acceleration.  Inertia is measured in mass units and in the mks system; the unit of inertia is the kilogram.  We use “m” to symbolize inertia (also to symbolize gravitational mass).   Inertia is a scalar.

Kinetic energy is energy of motion.  The work done in changing an object’s speed equals its change in kinetic energy.  The mks unit of kinetic energy is the joule.  It’s easy to show that the work done in speeding up an object from zero to v is 1/2mv2.  Kinetic energy is a scalar.

Momentum is the product of inertia (m) and velocity (v).  That is, momentum = mv.
Momentum, like energy is conserved.  Energy can be confusing since it has so many different forms (mechanical, electrical, heat, biological, etc.) but momentum never changes form and can be found by computing mv.  There is no given mks unit of momentum but it is usually stated as: kilogram meters/sec.  Momentum is a vector and its direction is determined by the direction of the velocity vector. 

Discussing how work transfers energy and impulse transfers momentum.
Help students to see that force times distance is one concept, and force times time is a different concept.  Illustrate this with a drawing like the one below: 
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The area under a graph of force vs. time will give impulse just as the area under a graph of force vs. distance will give work.  Impulses can have a large force for a very short time such as the force a baseball bat exerts on a baseball or a small force over a long period of time such as the force a small rocket exerts on a spacecraft to make a course correction.
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Agile student on skateboard demonstration.
A well-coordinated and accomplished skateboarder can be a big help when introducing momentum.  You will also need a bag of sand or a medicine ball like object.

In the discussion that follows, concentrate on how momentum was transferred from the ball to the skateboarder and skateboarder to ball, both when tossed and received.  Discuss what might have happened with different mass ratios of the ball and skateboarder.  End the discussion by pointing out that the person standing on the ground at rest who tossed the ball (in most cases this will be the teacher) did not seem to move.  Isn’t this a violation of the conservation of momentum principle?!! The ball seemed to gain momentum from nowhere.  Stress this point again by running across the room and then abruptly come to a stop.  Where did the momentum come from to get moving?  Where did the momentum go when you stopped?  This should be a good time to point out that the earth is a “giant skateboard” and in every case the momentum was transferred to and from the earth.  However, since its mass is so large the momentum was conserved with a very small velocity of the earth.  An interesting problem is to have the students compute the velocity of the earth as a result of you running in one direction at a given speed.
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The force accelerating the cart acts through a distance d, but while the force acts, a time interval ∆ t also passes.  We have shown that Fd = 1/2mv2.  Using Newton’s 2nd law it is easy to show:  F = ma = m ∆v/∆t or,


F∆t = m∆v.    That is,


 Impulse equals change in momentum.
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Force of rocket on spacecraft.
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The graph on the left shows the force exerted on a baseball by a bat during a hit.  The force will be very great but for a very short time.  The change of momentum of the baseball as it stops, turns around and moves away at great speed will equal the area under the graph.  The graph below shows the small force exerted by a course correction rocket on a spacecraft.  The force is small but is exerted for a long time.  Again the area under the graph will be the impulse and it will equal the change in momentum of the spacecraft.
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A little practice may be required to make this effective.  Have the skateboarder toss the ball away at assorted speeds and observe the resulting momentum.  Toss the ball to the stationary skateboarder and observe the resulting transfer of momentum.  Experiment with different speeds and different direction of motion of the skateboarder.








