Rolling objects
Dec. 13, 2006
(1) A sphere, a cylinder and a hoop all have the same mass and radius.  All are released from the top of a ramp at the same time and roll without slipping all the way down the ramp.  How do they “finish the race”? (ie who comes in first second and last, or do they all tie?   Start by looking at the free body diagram for an object on the ramp and apply Newton’s Second Law for translation and rotation. 

(b) How would this result change (if at all) if the ramp is perfectly frictionless?

(c) Choose one of the objects and determine the minimum coefficient of friction needed to keep it from slipping?  Is this quantity the same for all three objects?

Now I have two aluminum spheres of radii R and 2R  in a similar race.

(d) what is the mass of the larger one relative to the first one?

(e) Which sphere reaches the bottom first?

(2) A marble (radius = r, mass = m)  rolls down a ramp and into a ‘loop the loop” as shown.  The loop is of radius R.  How far above the floor does the marble have to be initially placed on the ramp in order to make it around the loop without falling off the track?
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If this is difficult, go back and redo the problem for a point mass sliding on the frictionless track.  We probably all did that one in 311.  Once you are comfortable with that one, how does the fact that the object is a marble change the problem???
(3) A bowling ball (mass M, radius R) is thrown down the alley in such a way that it is sliding on the floor (which is the normal way it is done!)  There is a coefficient of kinetic friction between the floor and the ball.  How far does the ball have to travel before it is rolling without slipping?
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