DOV IGET 8 Moon's centripetal acceleration. The Moon’s nearly
circular orbit about the Earth has a radius of about 384,000 km and a period T
of 27.3 days. Determine the acceleration of the Moon toward the Earth.

APPROACH Again we need to find the veloeity v in order to find ay. We will
need to convert to SI units to get » in m/s.

SOLUTION In one orbit around the Earth, the Moon travels a distance 27r,
where r = 3.84 % 10°m is the radius of its circular path. The time required
for one complete orbit is the Moon’s period of 27.3 d. The speed of the Moon
in its orbit about the Earth is v = 27r/T. The period T in seconds is
T = (27.3d)(24.0h/d)(3600s/h) = 2.36 x 10°s. Therefore,
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= 0.00272m/s* = 2.72 X 1073 m/s2.

We can write this acceleration in terms of g = 9.80m/s’ (the acceleration of
gravity at the Earth’s surface) as
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NOTE The centripetal acceleration of the Moon, a = 2.78 x 107" g, is not
the acceleration of gravity for objects at the Moon’s surface due to the
Moon’s gravity. Rather, it is the acceleration due to the Earth’s gravity for
any object (such as the Moon) that is 384,000 km from the Earth. Notice how
small this acceleration is compared to the acceleration of objects near the
Earth’s surface.

m Dynamics of Uniform Circular Motion

According to Newton’s second law (SF = ma), an object that is accelerating
must have a net force acting on it. An object moving in a circle, such as a ball
on the end of a string. must therefore have a force applied to it to keep it
moving in that circle. That is. a net force is necessary to give it centripetal
acceleration. The magnitude of the required force can be calculated using
Newton’s second law for the radial component, £F, = map, where ag is the
centripetal acceleration, ap = v’/r, and X Fy is the total (or net) force in the
radial direction:
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[circular motion] (5-3)
For uniform circular motion (v = constant), the acceleration is ap, which is
directed toward the center of the circle at any moment. Thus the net force too
must be directed toward the center of the circle (Fig. 5-4). A net force is neces-
sary because otherwise, if no net force were exerted on the object, it would not
move in a circle but in a straight line, as Newton’s first law tells us. The direction
of the net force is continually changing so that it is always directed toward the
center of the circle. This force 1s sometimes called a centripetal (“pointing
toward the center”) force. But be aware that “centripetal force™ does not indi-
cate some new kind of force. The term merely describes the direction of the net
force needed to provide a circular path: the net force is directed toward the
circle’s center. The force must be applied by other objects. For example, to swing
a ball in a circle on the end of a string, you pull on the string and the string
exerts the force on the ball. (Try it.)

SECTION 5-2 Dynamics of Uniform Circular Motion

@ cauTion
Distinguish Moon's

aravity on objects at its surface,
from Earth's gravity acting

on Moon (this Example)

Force is needed to provide
centripetal acceleration

FIGURE 5-4 A force is required
to keep an object moving in a circle.
If the speed is constant, the force is
directed toward the circle’s center.
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Centripetal force is not a new
kind of force

{ Every force must be exerted
by an object)
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