4.14 Drop suitcase on conveyor belt.
a) A stationary suitcase is placed on a moving conveyor belt. Is the friction static or kinetic?

b) The belt is moving to the right. Thus, relative to the belt, the suitcase is moving to the left,
thus there is a force on the suitcase to the right. The suitcase accelerates to the right until it
reaches the speed of the belt. Is the work that friction does on the suitcase positive, negative,
or zero?

c) After the suitcase reaches the speed of the belt, what is the horizontal component of the force
acting on the suitcase?
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Problem 4.14 (Ohanian, page 182, problem 52)

(a) Initially, the suitcase is ‘stationary,” and the conveyor belt is ‘moving.” Thus there
is relative motion between the two, and the friction is kinetic.

(b) Friction always opposes the relative motion, but depending on the frame of reference,
friction may or may not be aligned with the motion in that frame. To see this most clearly,
we will use two frames of reference to answer this question.

First, imagine the situation from the perspective of the conveyor belt. The suitcase
is moving left, and the conveyor belt is stationary. The suitcase slams onto the conveyor
belt, and skids until it stops. The direction of friction, which caused the skidding, and the
apparent direction of motion are opposite. Clearly friction did negative work: initially
there was kinetic energy, and eventually there was none.

Now, imagine the situation from the perspective of a person standing next to the
conveyor belt. The suitcase is initially stationary, and the conveyor belt is moving right.
The suitcase lands on the conveyor belt, and accelerates right until it’s speed matches
the speed of the conveyor belt. The direction of friction, which caused the acceleration,
and the apparent direction of motion were the same. Clearly friction did positive work:
initially there was no kinetic energy, and eventually there was a non-zero kinetic energy.

The conclusion is that work is a quantity that depends on the frame of reference.

(C) Presumably the conveyor belt is moving at a constant speed. If the suitcase has
reached the speed of the conveyor belt then it too has a constant speed, thus the net
horizontal force must be zero. If the conveyor belt and suitcase have identical velocities,
then there is no relative motion and no force attempting to cause relative motion; therefore
there is no friction.
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