EXERCISE D To negotiate an unbanked curve at a faster speed, a driver puts a couple
of sand bags in his van aiming to increase the force of friction between the tires and the
road. Will the sand bags help?

EXERCISE E Can a heavy truck and a small car travel safely at the same speed around
an icy, banked-curve road?

* m Nonuniform Circular Motion

Circular motion at constant speed occurs when the net force on an object is
exerted toward the center of the circle. If the net force is not directed toward
the center but is at an angle, as shown in Fig. 5-15a, the force has two compo-
nents, The component directed toward the center of the circle, Fy, gives rise to
the centripetal acceleration, ay, and keeps the object moving in a circle. The
component tangent to the circle, F,,, acts to increase (or decrease) the speed,
and thus gives rise to a component of the acceleration tangent to the circle,
. When the speed of the object is changing, a tangential component of
force is acting.
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When vou first start revolving a ball on the end of a string around your
head, you must give it tangential acceleration. You do this by pulling on the
string with vour hand displaced from the center of the circle. In athletics, a
hammer thrower accelerates the hammer tangentially in a similar way so that it
reaches a high speed before release.

The tangential component of the acceleration, a,,,, is equal to the rate of
change of the magnitude of the object’s velocily:

Aw
Aiap = Ar

The radial (centripetal) acceleration arises from the change in direction of the
velocity and, as we have seen (Eq. 5-1), is given by

dy = —-+
R r

The tangential acceleration always points in a direction tangent to the circle, and
is in the direction of motion (parallel to ¥, which is always tangent to the circle)
if the speed is increasing, as shown in Fig. 5-15b. If the speed is decreasing, 4,
points antiparallel to v. In either case, 4, and a, are always perpendicular to
cach other; and their directions change continually as the object moves along its
circular path. The total vector acceleration a is the sum of these two:

a = Ay, + ap .

Since ay and a,,, are always perpendicular to each other, the magnitude of a at
any moment is

_wf2 a3
a = \/ay, + ag.
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