10.9 Rolling Motion of a Rigid Object

The center
moves in a
straight line
(green line).

One light source at the center of a
rolling cylinder and another at one
point on the rim illustrate the
different paths these two points take.

The point on the
rim moves in the
path called a cycloid
(red curve).

moves a linear distance s = R0 (see Eq. 10.1a). Therefore, the translational speed of
the center of mass for pure rolling motion is given by
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where w is the angular speed of the cylinder. Equation 10.28 holds whenever a cyl-
inder or sphere rolls without slipping and is the condition for pure rolling motion.
The magnitude of the linear acceleration of the center of mass for pure rolling
motion is
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where « is the angular acceleration of the cylinder.

Imagine that you are moving along with a rolling object at speed vy, staying
in a frame of reference at rest with respect to the center of mass of the object. As
you observe the object, you will see the object in pure rotation around its center
of mass. Figure 10.25a shows the velocities of points at the top, center, and bottom
of the object as observed by you. In addition to these velocities, every point on the
object moves in the same direction with speed v, relative to the surface on which
it rolls. Figure 10.25b shows these velocities for a nonrotating object. In the refer-
ence frame at rest with respect to the surface, the velocity of a given point on the
object is the sum of the velocities shown in Figures 10.25a and 10.25b. Figure 10.25¢
shows the results of adding these velocities.

Notice that the contact point between the surface and object in Figure 10.25¢
has a translational speed of zero. At this instant, the rolling object is moving in
exactly the same way as if the surface were removed and the object were pivoted at
point Pand spun about an axis passing through P. We can express the total kinetic
energy of this imagined spinning object as
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where I, is the moment of inertia about a rotation axis through P.
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Figure 10.23 Two pointson a
rolling object take different paths
through space.

s=R6

Figure 10.24 For pure rolling
motion, as the cylinder rotates
through an angle 6 its center
moves a linear distance s = R0.

Pitfall Prevention 10.6

Equation 10.28 Looks Familiar
Equation 10.28 looks very similar
to Equation 10.10, so be sure to
be clear on the difference. Equa-
tion 10.10 gives the tangential
speed of a point on a rotating
object located a distance r from
a fixed rotation axis if the object
is rotating with angular speed w.
Equation 10.28 gives the trans-
lational speed of the center of
mass of a rolling object of radius R
rotating with angular speed w.

Figure 10.25 The motion of a
rolling object can be modeled as
a combination of pure translation
and pure rotation.



