Workshop module 10 - Physics 113, Fall 2002

Precession, statics

1. The pilot of a propeller-driven airplane decides to descend abruptly.  The propeller is at the front of the airplane and rotates clockwise as seen by the pilot.  She lowers the nose of the airplane from a horizontal attitude to one in which the nose is pointed well below the horizontal.  As she does this, the nose of the airplane also swings to the left (as seen by the pilot).  Explain why this happens.  (hint:  think about the cause of precession)

2. You can probably stand flatfooted on the floor, then rise up and balance on your tiptoes.  Why can't you do it if your toes are touching the wall of the room? (Try it!)

3. Consider a ladder of mass M and length L leaning against a wall at some angle (, as shown in the sketch to the right.  The bottom of the ladder is rubberized (so there's a lot of friction), but the top is bare aluminum and can be considered frictionless.


a) Make a free-body diagram for this ladder, including a coordinate system.

b) Write out the equations for static equilibrium of the ladder.  (Indicate with a “P” on your FBD the point you are choosing to sum torques around, and show with an arrow your choice for the direction of a positive torque.)

c) In terms of the known quantities (M, L and (), determine all of the forces exerted on the ladder by the wall and by the floor.

Other things to consider:

Suppose someone is standing on the ladder.  Which forces on the ladder do you expect to be different, and will they be bigger or smaller?  Show explicitly how your equations will be modified.

4. For the same ladder above suppose that the coefficient of static friction between the floor and the ladder is known to be ( = 1/2.  

a) What is the maximum amount of friction that the floor can exert on the ladder?  Express your result as a multiple of the weight of the ladder (examples: f = 2mg or f = 0.25mg).

b) At what angle ( is the frictional force at its maximum?

c) What would happen to the ladder if ( were made smaller?

Other things to consider:

The coefficient of friction between the ladder and the floor is a constant number.  How then do you explain (in words) the fact that the ladder becomes unstable as the angle ( is decreased?

Which is more likely to slip when leaned against the wall as in this problem, a tall ladder or a short ladder?  Assume that the ladders have the same rubber on the bottom.

5.   Consider a uniform ball of radius 0.2 m and mass 0.75 kg held against a frictionless wall by a massless string as shown in the diagram below.  The string makes an angle of 30 degrees with the wall. 

a) Find the tension in the string and the normal force of the wall against the ball assuming the line joining the wall to the ball extends through the center of the ball (drawn imperfectly below).



b) Is it possible for the configuration below to be in static equilibrium if the wall is frictionless?   In this configuration the line joining the wall to the ball passes through the ball as shown.   Why or why not?
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