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W Figure 11.4 Centripetal acceleration
a. = lm X w X ri resulting from the
rotation of the primed coordinate

0 system.




In Eq. (11.33), | X @ X 1} = a, is the centripetal acceleration because, as shown in
Fig. 11.4, it is directed toward the center and perpendicular to the axis of rotation. As shown,
V= X rorv= wrsin 6, where v is the speed of the circular motion and r sin 6 1s the dis-
tance from the axis. From Fig. 11.5, using w = v/(r sin 6), we get

2
v

a, = |w X @ X r| = w’rsin = (11.36)

rsin 6

The quantity —mw X @ X r is called the centrifugal force and is equal to —ma?r in the
case where w is normal to the radius vector. The negative sign means that the centrifugal force
is directed outward or away from the center of rotation, as shown in Fig. 11.5. According to clas-
sical mechanics, the centrifugal force is not a real force; it is a fictitious or noninertial force.

This force is present only if we refer to moving coordinates in space. Thus, for example, a par-
ticle moving in a circle has no centrifugal force acting on it. A force that is acting toward the
center, producing centripetal acceleration, 1s present. On the other hand, i1f we observe this mov-
ing particle from a reference frame that is moving with the particle, the particle will be at rest
in this system. There is a force acting toward the center, but the particle does not fall toward the
center. This is possible only if the force toward the center 1s balanced by an outward force, the
centrifugal force.



—mwm X wXr
Centrifugal force

Figure 11.5 Centrifugal force result-
ing from rotational motion i1s shown di-
rected away from the center.
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