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Friction & Rolling Without Slipping

Rolling without slipping is an extremely useful special condition for objects that that move and
rotate simultaneous. That is because it connects the velocity of the center of mass with the
rotational velocity of the object via v =r® . However, understanding frictional forces during rolling
without slipping can be very tricky.

Before we do rolling, first imaging a box sliding down an incline or on level ground. In the diagram
below, the three situation are shown. In all three cases the object moves to the right, so in (a) the
object is moving down the incline, in (b) the object slides to the right and in (c¢) the object goes up the
incline. For each case draw the appropriate free body diagram.
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1. Those were hopefully pretty easy as they all involved kinetic friction. How do you tell the
direction of kinetic friction?
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2. Now for the rolling situation. When an object is undergoing "rolling without slipping" what type
of friction is present - static or kinetic? How do you know?
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3. The diagram below shows an object rolling without slipping. In (d) the object is rolling down the
incline, in (e) it is rolling to the right and in (f) it is rolling up the incline. For each of the
situations, draw the appropriate force diagram in the space below
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4. In general, how do you tell the direction of static friction?
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Before we go to one last rolling without slipping problem, let's do a quick review of Newton's
Laws. The next few problems all involve a round object of mass m, radius r, and moment of
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5. Now imagine there is a constant force F' acting through the center of mass of the G E

object. There are no other forces on the object. Write out Newton's Second Law
for both translation and rotation and explain what will happen to the object.
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6. Now imagine there is a constant force F acting from the top edge of the object (as
if it was from a string wrapped wound the object.) There are no other forces on U»F
the object. Write out Newton's Second Law for both translation and rotation and
explain what will happen to the ob_]ect
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7. Now imagine there is a constant force F acting from the bottom edge of the object F
(as if it was from a string wrapped wound the object.) There are no other forces on Q_>
the object. Write out Newton's Second Law for both translation and rotation and
explain what will happen to the object.
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This one is actually pretty tricky!
8. Now imagine that object is on a level surface and rolls without slipping
while being pulled with a constant force acting through the top edge as ( ) F
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