(¢) The angular acceleration of the wheel can be obtained from Eq. 8-9¢, for
which we set @ =0 and w, = 24.7rad/s. Because each revolution corre-
sponds to 27 radians of angle, then 6 = 27 rad/rev x 53.8 rev (=338 rad) and

_o-eh 0-@Tmds?
T 2(2m rad/rev)(53.8rev) BRI

(d) Equation 8-9a or b allows us to solve for the time. The first is easier:

w=w, 0—247rad/s

= 274s.
@ ~0.902 rad/s?

r:

NOTE When the bike tire completes one revolution, the bike advances
linearly a distance equal to the outer circumference (27r) of the tire, as long
as there is no slipping or sliding.

m Torque

We have so far discussed rotational kinematics—the description of rotational
motion in terms of angle, angular velocity, and angular acceleration. Now we
discuss the dynamics, or causes, of rotational motion. Just as we found analogies | |

between linear and rotational motion for the description of motion, so rota- '__ Fa ‘
tional equivalents for dynamics exist as well. "B_'l |
To make an object start rotating about an axis clearly requires a force. But I:’—Er_ r.”)I
the direction of this force, and where it is applied, are also important. Take, for P
example, an ordinary situation such as the overhead view of the door in Fu' F“J

Fig. 8-10. If you apply a force F, to the door as shown, you will find that the

greater the magnitude, F, . the more quickly the door opens. But now if you FIGURE 8-10 Applyving the same
apply the same magnitude force at a point closer to the hinge—say, Fy in force with different lever arms, ry
Fig. 8-10—the door will not open so quickly. The effect of the force is less: and ry. If ry = 3y, then to create
where the force acts, as well as its magnitude and direction, affects how quickly ~the same effect (angular accelera-
the door opens. Indeed, if only this one force acts, the angular acceleration of o). Fis needs to be three times Fy .
the door is proportional not only to the magnitude of the force, but is also  °F 4 = 3Fe-

directly proportional to the perpendicular distance from the axis of rotation (o

the line along which the force acts. This distance is called the lever arm, or  Lever arm

moment arm, of the force, and is labeled r, and ry for the two forces in Fig. 8-10.

Thus. if ry in Fig. 8-10 is three times larger than ry;, then the angular acceleration

of the door will be three times as great, assuming that the magnitudes of the

forces are the same. To say it another way, if r, = 3ry, then F; must be three

times as large as F, to give the same angular acceleration. (Figure 8-11 shows

two examples of tools whose long lever arms are very effective.)

FIGURE 8-11 (a) A plumber can exerl greater
torque using a wrench with a long lever arm.
(b) A tire iron too can have a long lever arm.

(b)
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