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1.
A girl sitting on a merry-go-round moves counterclockwise through an arc length of 2.50 m.  (a) If the girl’s angular displacement is 1.67 radians, how far is she from the center of the merry-go-round? (1.50 m) (b) If the girl’s average angular speed is 2.8 rad/s, how long did it take for her to travel through this angular displacement? (0.60 sec)

2.
A figure skater begins spinning clockwise at an angular speed of 4.0( rad/s.  During a 3.0 second time interval, she slowly pulls her arms in and spins with a speed of 8.0( rad/s.  (a) What is her average angular acceleration during this time interval?  (b) Assuming the acceleration is constant, what is her angular displacement during this time? (4.2 rad/s2)
3.
A remote–controlled car’s wheel accelerates at a constant rate of 22.4 rad/s2.  If the wheel begins with an angular speed of 10.8 rad/s, what is the wheel’s angular speed after three full turns (hint: what is the angular displacement of the car as it moves through three full turns)? (31.0 rad/s)
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Two bugs having the same mass (m = 0.002 kg) are on a record player disk that begins to rotate.  One bug is R1 = 0.35 m from the axis of rotation, and the other is 0.25 m from the axis of rotation.  If the disk begins at rest, and reaches an angular velocity of 45 rpm (revolutions per minute) in 10 seconds find:

(a) The initial angular velocity in radians per second. (0 rad/s)
(b) The final angular velocity in radians per second. (4.71 rad/s)
(c) The angular acceleration (() of the disk, in rad/s2. (0.47 rad/s2)
(d) Assuming the angular acceleration is constant; find the angular displacement that occurs in the first 10 sec (hint: use a kinematic equation). (23.6 rad)
(e) How fast is the innermost bug moving (in m/s) after 10 sec? (1.18 m/s)
(f) How fast is the outermost bug moving (in m/s) after 10 sec? (1.65 m/s)
(g) Which bug has more kinetic energy?
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Torques 

Torques ((), and more specifically, unbalanced torques cause changes in rotations (angular accelerations), in the same way that unbalanced forces produce accelerations.  Torque is the ability of a force to bring about angular acceleration.  For a force to produce a torque about an axis, the force must not be applied along a line that passes through the axis of rotation.  
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Of the three forces shown applied to the disk, only F3, which does not act along a line of action passing through the axis of rotation (Point P), will produce an angular acceleration about this point.  

Problem 2:  (a) Calculate the torque produced by each force acting on the rod shown.  Assume the axis is perpendicular to the page and passes through point O.  (b) In what direction will the object rotate? (c) If the mass of the rod is 4 kg, find its rotational inertia about point O.  (d) What is the angular acceleration produced by the unbalanced torque?

Problem 3:  A rectangular plank (weight = 450 N) that is 8 meters long extends 2.5 meters off the edge of a building.  What distance x can a woman (weight = 300 N) safely walk on the plank beyond the edge of the building?  (Hint, for the plank and woman to NOT rotate, the torques about the axis of rotation must be balanced AND the weight of the plank can be considered to be concentrated in the middle of the plank).


Conservation of Angular Momentum

Problem 4: Two big beetles each having a mass m = 0.5 kg are located at opposite ends of a 2-meter rod (m = 4 kg) that is rotating with an angular velocity of 4 rad/sec.  (a) What is the rotational inertia of the system rotating about the axis as shown (hint: the bugs can be considered to be point masses, and the rotational inertia of a point mass is given by I = mr2, where m is the mass of the point mass, and r is the distance of the mass from the axis of rotation)?  (b) The bugs begin to move toward each other, each stopping 0.5 meters from the axis.  What is the new rotational inertia? (c) What is their new angular velocity in rad/sec?
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