Rotation

1. The angular velocity of a bicycle wheel is 4 rad/s at time t=0 and its angular acceleration is constant and equal to 2 rad/s2.  A spoke is horizontal at t=0.

(A) What angle does this spoke make with the horizontal at t=3 seconds

(B) What is the wheel’s angular velocity at this time?

2. The angular position of a point on a rotating wheel is given by ( = 5 + 7t2 + 3t3, where ( is in radians and t is in seconds.  At t = 0 find

(A) the angular position

(B) the angular velocity

(C) What is the angular velocity at t =4 seconds?

(D) Calculate the angular acceleration at t =2 seconds.

3. A record on a turntable rotates at 45 rpm.

(A) What is the angular speed in rad/s?

(B) What is the linear speed at the beginning of the record (4 inch radius)?

(C) What is the linear speed at the end of the record (1.5 inch radius)?

4. A particle of mass 3M is fastened to the end of a thin rod of length 5L and mass ½ M.  The combination rotates around the rotation axis with angular velocity (.

Thin rod I=1/3 ML2.

(A) Find the rotational inertia of the rod and particle combination

(B) Find the kinetic energy of rotation
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5. A discus thrower turns with angular acceleration of 50 rad/s2. What are the radial and tangential components of acceleration of the discus at the instant when the angular velocity is 10 rad/s?  The thrower’s arm is 0.8 m long.

6. An engineer is designing a one piece machine part consisting of 3 heavy connectors linked by very light struts.  The mass of A is 0.3 kg, the mass of B is 0.1 kg and the mass of C is 0.2 kg. The connectors can be considered as massive particles connected by massless rods.  What is the moment of inertia of this machine part

(A) about an axis through point A, perpendicular to the plane of the diagram

(B) about an axis coinciding with rod BC

(C) If the body rotates about an axis through A perpendicular to the plane of the diagram, with angular velocity 4 rad/s, what is the rotational kinetic energy?
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7. A light flexible rope is wrapped several times around a solid cylinder of mass 50 kg and diameter of 0.12 m, which rotates on frictionless bearings about a stationary horizontal axis.  The free end of the rope is pulled with a constant force of magnitude 9 N for a distance of 2 m.  If the cylinder is initially at rest, find its angular velocity and the final speed of the rope.

8. A rope is wrapped several times around a uniform solid cylinder (rotating about its longitudinal axis) of radius 0.1m and mass 50 kg, pivoted so it can rotate about is axis.  What is the angular acceleration when the rope is pulled with a force of 20 N?

9. Mass m1 slides without friction on the horizontal surface, the pulley is in the form of a thin cylindrical shell of mass M and radius R, and the strings turn the pulley without slipping.  (m1 = 12 kg, m2 = 9 kg, M = 5 kg, r = 0.25 m).  I = MR2   

(A) Find the acceleration of each mass

(B) Find the angular acceleration of the pulley

(C) Find the tension in each part of the string
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10. A force F1 of 300 N is applied to a cylinder of radius 2.3 m while a force F2 of 600N is being applied to a connected cylinder of radius 0.9 meters.  I = ½ MR2   

(A) Does the object rotate?

(B) What is the net torque on the object?

(C) Treat the object (m=28 kg) as a cylinder of radius 2.3 meters and determine the angular acceleration of the object.
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