The Law of Momentum Conservation

Using Equations as a Guide to Thinking

The three problems on the previous page illustrate how the law of momentum conservation can be used to
solve problems in which the after-collision velocity of an object is predicted based on mass and velocity
information. There are similar practice problems (with accompanying solutions) lower on this page that are worth the
practice. However, let's first take a more qualitative approach to some collision problems. The questions that
follow provide a real test of your conceptual understanding of momentum conservation in collisions.

Suppose that you have joined NASA and are enjoying your first space walk. You are outside the space
shuttle when your fellow astronaut of approximately equal mass is moving towards you at 2 m/s (with
respect to the shuttle). If she collides with you and holds onto you, then how fast (with respect to the
shuttle do you both move after the collision?
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This problem could be solved in the usual manner with a momentum table; the variable m could be used for
the mass of the astronauts or any random number could be used for the mass of the astronauts (provided
each astronaut had the same mass). In the process of solving the problem, the mass would cancel out of
the momentum conservation equation and the post-collision velocities could be
determined. However, there is @ more conceptual means of solving this
problem. In order for the momentum before the collision to be equal to the
momentum after the collision, the after collision velocity must be smaller than
the before collision velocity. How many times smaller must it be? By what
factor must the velocity be decreased? Before the collision, the amount of
mass in motion is m; after the collision, the amount of mass in motion is 2em.
The amount of mass in motion has doubled as the result of the collision. If the
mass is increased by a factor of two, then the velocity must be decreased by a factor of 2. The before-
collision velocity was 2 m/s so the after-collision velocity must be one-half this value: 1 m/s. Each astronaut
is moving with a velocity of 1 m/s after the collision.

Equations
are guides
to thinking!

The process of solving this problem involved using a conceptual understanding of the equation for momentum
(p=m*v). This equation becomes a guide to thinking about how a change in one variable effects a change in
another variable. The constant quantity in a collision is the momentum (momentum is conserved). For a
constant momentum value, mass and velocity are inversely proportional. Thus, an increase in mass results
in a decrease in velocity.
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A twofold increase in mass, results in a twofold decrease in velocity (the velocity is one-half its original
value); a threefold increase in mass results in a threefold decrease in velocity (the velocity is one-third its
original value); etc. Of course, it is instructive to point out that this form of problem solving is limited to
situations in which one of the two objects is at rest before the collision and both objects move at the same
speed after the collision. To further test your understanding of this type of quantitative reasoning, try the
following two questions.
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A large fish is in motion at 2 m/s when it encounters a smaller fish that is at rest. The large fish swallows
the smaller fish and continues in motion at a reduced speed. If the large fish has three times the mass of
the smaller fish, then what is the speed of the large fish (and the smaller fish) after the collision? Click the
button to view answer.
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A railroad diesel engine has five times the mass of a boxcar. A diesel coasts backwards along the track at 4
m/s and couples together with the boxcar (initially at rest). How fast do the two trains cars coast after they
have coupled together? Click the button to view answer.
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