Rotation Recap

Call me a dork, but I love torque!
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1. The radius of the solid cylinder is 4 m.  Its mass is 3 kg.

a.    Find the moment of inertia of the cylinder about the YY' axis, when it is in position A, 5 m from the YY’ axis.

b.    Find the distance 'x' such that the moment of inertia about YY' is twice as great for the cylinder in position B as in position A.

c.    While in position B, the cylinder is subjected to three torques: 21 Nm CW, 35 Nm CCW, and a third mystery torque.  If it accelerates at 2.0 rad/s2 CW around the YY’ axis, what is the value of the third torque?

2. Consider a thin wheel of radius 30 cm that is allowed to spin on a central axle. The wheel is accelerated uniformly from rest to an angular speed of 50 rad/s during an interval of 10 s.

a. What is the angular acceleration during this interval?

b. What is the angular displacement of the wheel at the end of the 10 s?  Express your answer in radians and revolutions.

c. If the wheel were rolling along the ground instead of spinning on its axle, what would its linear speed be at the end of the 10 s interval?  (Find the linear speed of a point on the rim.)

d. What is the minimum coefficient of static friction between the wheel and the ground required to keep the wheel rolling instead of sliding with this angular acceleration?

3. A uniform steel rod of length 1.20 m and mass 6.40 kg has attached to each end a small ball of mass 1.06 kg.  The rod is constrained to rotate in a horizontal plane through its midpoint.  At a certain instant it is observed to be rotating with an angular speed of 39.0 rev/s.  Because of axle friction it comes to rest 32.0 s later.  Compute, assuming a constant frictional torque:

a. The moment of inertia of the apparatus.

b. The magnitude of the angular acceleration.

c. The retarding torque exerted by axle friction.  (This is the net torque on the apparatus.)

d. The total work done by axle friction.

e. Suppose, however, that the frictional torque is known not to be constant.  Which, if any, of the quantities,  (a)  through  (d)  above can still be computed without requiring any additional information?

Answers

1. 99 kgm2, 7.6 m, 53.6 Nm CW
2. 5 rad/s2,  250 rad, 39.8 rev,  15 m/s, 0.15

3. 1.53 kgm2, 7.66 rad/s2, 11.7 Nm, -4.59 x 104 J, a & d







