Angular Momentum (symbol = L)

- The measure of how difficult it is to stop a rotating object.

If p = mv, then L = I(
Unit = kgm2 x rad/s = kgm2/s  (radians don’t count as a unit)

What is the angular momentum for a point mass?

Plugging in I = mr2 and  ( = v/r,

L = mrv

Example 1

Find the angular momentum of a solid sphere (mass = 15 kg, radius = 0.5 m) spinning around its center with an angular speed of 3 rad/s. 





    



        [4.5 kgm2/s]

Example 2

What is the angular momentum of a child (mass = 60 kg) riding a merry-go-round that rotates with an angular speed of 5 rad/s if the child is sitting on the edge (r = 2 m)?   


     [1200 kgm2/s]

Conservation of Angular Momentum

If the net torque acting on a system is zero, the angular momentum must stay constant.  The initial angular momentum of the system will equal the final angular momentum of the system.  Li = Lf
Conceptual Ex - When an ice skater is spinning in a circle with her arms extended she has a certain angular momentum.  When she brings her arms in, she can’t exert a torque on herself so her angular momentum must stay constant.  By bringing in her arms she reduces her ______ so her ______ must increase to keep ______ constant.

Example 3

A spinning platform (disk, M = 100 kg, R = 2 m) has a student (M = 60 kg) standing on the rim.  The platform rotates at a rate of 2 rad/s.  What is the new angular speed if the student walks to the center?                              

 









  [4.4 rad/s]

Where did the increase in rotational kinetic energy come from?
Example 4

A disk (M = 90 kg, R = 0.25 m) rotates about a vertical, frictionless axle with an angular velocity of 4.2 rad/s.  A second disk (M = 50 kg, R = 0.15 m) that is initially not rotating is dropped onto the first.  Because of friction between the surfaces, the two eventually reach the same angular speed, (f.  Solve for (f.

Example 5

A student sits on a freely rotating stool holding two weights, each of which has a mass of 3.00 kg.  When his arms are extended horizontally, the weights are 1.00 m from the axis of rotation and he rotates with an angular speed of 0.750 rad/s.  The moment of inertia of the student plus stool is 3.00 kgm2 and is assumed to be constant.   The student pulls the weights inward horizontally to a position 0.300 m from the rotation axis.  Find the new angular speed of the student.  

Example 6

A wooden block of mass M resting on a frictionless horizontal surface is attached to a rigid rod of length L and negligible mass.  The rod is pivoted at the other end.  A bullet of mass m traveling parallel to the horizontal surface and normal to the rod with speed v hits the block and becomes embedded in it.  What is the angular speed of the bullet-block system?

Example 7

Two astronauts, each having a mass of 75 kg, are connected by a 10.0-m rope of negligible mass.  They are isolated in space, orbiting their center of mass at speeds of 5.00 m/s.  (a) Treating the astronauts as particles, what is the initial rotational energy of the system?   By pulling on the rope, one of the astronauts shortens the distance between them to 5.00 m.  (b)  What is the final rotational energy of the system?  (c)  How much work is done by the astronaut in shortening the rope?
