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influence of the resultant external force on the system. It follows from Equation
9.38 that the total momentum of the system is conserved if there are no external
forces acting on it.
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If the kinetic energy of a particle is zero, what is its linear
momentum?

If the speed of a particle is doubled, by what factor is its
momentum changed? By what factor is its kinetic energy
changed?

If two particles have equal kinetic energies, are their mo-
menta necessarily equal? Explain.

If two particles have equal momenta, are their kinetic en-
ergies necessarily equal? Explain.

An isolated system is initially at rest. Is it possible for parts
of the system to be in motion at some later time? If so, ex-
plain how this might occur.

If two objects collide and one is initially at rest, is it possi-
ble for both to be at rest after the collision? Is it possible
for one to be at rest after the collision? Explain.

Explain how linear momentum is conserved when a ball
bounces from a floor.

. Is it possible to have a collision in which all of the kinetic

energy is lost? If so, cite an example.

. In a perfectly elastic collision between two particles, does

the kinetic energy of each particle change as a result of
the collision?

When a ball rolls down an incline, its linear momentum
increases. Does this imply that momentum is not con-
served? Explain.

Consider a perfectly inelastic collision between a car and
a large truck. Which vehicle loses more kinetic energy as
a result of the collision?

Can the center of mass of a body lie outside the body? If
s0, give examples.

Three balls are thrown into the air simultaneously. What
is the acceleration of their center of mass while they are
in motion?

A meter stick is balanced in a horizontal position with the
index fingers of the right and left hands. If the two fin-
gers are slowly brought together, the stick remains bal-
anced and the two fingers always meet at the 50-cm mark
regardless of their original positions (try it!). Explain.

A sharpshooter fires a rifle while standing with the butt of
the gun against his shoulder. If the forward momentum
of a bullet is the same as the backward momentum of the
gun, why is it not as dangerous to be hit by the gun as by
the bullet?

A piece of mud is thrown against a brick wall and sticks to
the wall. What happens to the momentum of the mud? Is
momentum conserved? Explain.
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Early in this century, Robert Goddard proposed sending a
rocket to the Moon. Critics took the position that in a vac-
uum, such as exists between the Earth and the Moon, the
gases emitted by the rocket would have nothing to push
against to propel the rocket. According to Scientific Ameri-
can (January 1975), Goddard placed a gun in a vacuum
and fired a blank cartridge from it. (A blank cartridge
fires only the wadding and hot gases of the burning gun-
powder.) What happened when the gun was fired?

A pole-vaulter falls from a height of 6.0 m onto a foam
rubber pad. Can you calculate his speed just before he
reaches the pad? Can you estimate the force exerted on
him due to the collision? Explain.

Explain how you would use a balloon to demonstrate the
mechanism responsible for rocket propulsion.

Does the center of mass of a rocket in free space acceler-
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ate? Explain. Can the speed of a rocket exceed the ex-
haust speed of the fuel? Explain.

A ball is dropped from a tall building. Identify the system
for which linear momentum is conserved.

A bomb, initially at rest, explodes into several pieces.

(a) Is linear momentum conserved? (b) Is kinetic energy
conserved? Explain.

NASA often uses the gravity of a planet to “slingshot” a
probe on its way to a more distant planet. This is actually
a collision where the two objects do not touch. How can
the probe have its speed increased in this manner?

The Moon revolves around the Earth. Is the Moon’s lin-
ear momentum conserved? Is its kinetic energy con-
served? Assume that the Moon’s orbit is circular.

A raw egg dropped to the floor breaks apart upon impact.
However, a raw egg dropped onto a thick foam rubber
cushion from a height of about 1 m rebounds without
breaking. Why is this possible? (If you try this experi-
ment, be sure to catch the egg after the first bounce.)
On the subject of the following positions, state your own
view and argue to support it: (a) The best theory of mo-
tion is that force causes acceleration. (b) The true mea-
sure of a force’s effectiveness is the work it does, and the
best theory of motion is that work on an object changes
its energy. (c) The true measure of a force’s effect is im-
pulse, and the best theory of motion is that impulse
injected into an object changes its momentum.



