FIGURE 8-8 (a) A wheel rolling
to the right. Its center C moves with
velocity v. Point P is at rest at this
instant, (b) The same wheel as seen
from a reference frame in which the
axle of the wheel C is at rest—that
is, we are moving to the right with
velocity v relative to the ground.
Point P, which was at rest in (a), here
in (b) is moving to the left with
velocity —v as shown. (See also
Section 3-8 on relative velocity.)
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FIGURE 8-9 FExample 8-7.

m Rolling Motion (Without Slipping)

The rolling motion of a ball or wheel is familiar in everyday life: a ball rolling
across the floor, or the wheels and tires of a car or bicycle rolling along the pave-
ment. Rolling without slipping is readily analyzed and depends on static friction
between the rolling object and the ground. The friction is static because the rolling
object’s point of contact with the ground is at rest at each moment.

Rolling without slipping involves both rotation and translation. There is
then a simple relation between the linear speed v of the axle and the angular
velocity w of the rotating wheel or sphere: namely, » = reo (where r is the
radius) as we now show. Figure 8-8a shows a wheel rolling to the right without
slipping. At the moment shown, point P on the wheel is in contact with the
ground and is momentarily at rest. The velocity of the axle at the wheel's center C
is ¥. In Fig. 8-8b we have put ourselves in the reference frame of the wheel—
that is, we are moving to the right with velocity ¥ relative to the ground. In this
reference frame the axle C is at rest, whereas the ground and point P are
moving to the left with velocity —v as shown. Here we are seeing pure rotation.
So we can use Eq. 8-4 to obtain v = rew, where r is the radius of the wheel.
This is the same v as in Fig. 8-8a, so we see that the linear speed v of the axle
relative to the ground is related to the angular velocity @ by

U= rw. [rolling without slipping]
This relationship is valid only if there is no slipping,

Bicycle. A bicycle slows down uniformly from v, = 8.40m/s
to rest over a distance of 115 m, Fig. 8-9. Each wheel and tire has an overall
diameter of 68.0 cm. Determine (a) the angular velocity of the wheels at the
initial instant (+ = 0); (b) the total number of revolutions each wheel rotates
before coming to rest; (¢) the angular acceleration of the wheel; and (d) the
time it took to come to a stop.

APPROACH We assume the bicycle wheels roll without slipping and the tire is
in firm contact with the ground. The speed of the bike » and the angular
velocity of the wheels @ are related by » = raw. The bike slows down
uniformly, so the angular acceleration is constant and we can use Eqs. 8-9.

SOLUTION (a) The initial angular velocity of the wheel, whose radius is 34.0 cm, is
v,  840m/s
T 0340m

(b) In coming to a stop, the bike passes over 115m of ground. The circumference
of the wheel is 27r, so each revolution of the wheel corresponds to a distance
traveled of 2mr = (27)(0.340m). Thus the number of revolutions the wheel
makes in coming to a stop is

115m 115m

- = 53.8rev.
27r (27)(0.340m) =

@y = = 24.7 rad/s.

Bike as seen from the ground at =10
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