


Rotational Dynamics














This tutorial consists of four miniature laboratories.  


The four parts do not have to be done in the order presented here.














The falling spool of thread:  


Imagine hanging on to the free end of a spool of ribbon or thread, and dropping the spool (like a yo-yo) as shown below.
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Will the spool fall straight down or hit the “x” under the place where the ribbon is held?


Neither one?








An “extended free body diagram” is a free body diagram in which an extended body is represented by its shape (here a circle) instead of a dot.  Draw an extended free body diagram by drawing a circle and drawing the forces acting on the spool where they act on it.


Does this help you answer part A?








Try it.  Take a spool and drop it while holding the ribbon (thread).  Where does it land?  Look back at your extended free body diagram and make sure it agrees with your result.














�



Conservation of angular momentum I:  


Sit on a chair that is free to rotate, and get a bicycle wheel spinning over your head with the axis pointing up and down.  Take a minute to figure out which way the angular momentum vector is pointing (it points in the same direction as the angular velocity vector).








Now try to tip the wheel so that the axis is not pointing straight up and down.  


What happens?











If you were standing on the ground, and thus not free to rotate, what would tipping the wheel do to the vertical component of angular momentum?  What would you be doing to the angular momentum vector?   As you try to do that, what does Mother Nature do? 

















Conservation of angular momentum II: Moment of Inertia  


You don’t have to pull on the angular momentum vector to change angular momentum.  The angular momentum of an object is the angular velocity times the moment of inertia, I:
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where r is the distance from mass m to the axis of rotation.


Again, sit on a chair that is free to rotate, and hold your arms out as far as you can (hold weights in your hands if you want).








What does pulling in your arms do to your moment of inertia?











Now set yourself spinning with your arms out as far as you can reach.  Reduce your moment of inertia by pulling in your arms.  What happens?  What happens to your angular momentum?











Finally, look at a spinning top or gyroscope.  Try to tip it by pushing on the axis of rotation.





What happens?








As you push on the axis, what do you do to the momentum of the parts that are moving in the direction of your push?  In the direction opposite your push?  As these parts rotate around, do they keep the effects of this small change in momentum?











