AP Physics

Rotation Take Home Exam

1)
Dexter is being chased by a dragon. In order to escape it he must close a rectangular door that is 4m high by 3m wide by .40 meters thick. It has a mass of 200kg, has uniform density, and is hinged longitudinally along the 4m side of the door. The moment of inertia for the door about an axis parallel to the hinge but through the center of the door is given by
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, where M is the mass and w is the width of the door. Dexter can exert a force of 200 N on the door. The door I partially open, and must be rotated through an angle of 105 degrees in order to be closed. What is the shortest time in which Dexter can close the door? (20 points)
2)
Above are two masses, each of mass 1 kg, attached to the ends of a uniform rod of mass 3kg and length 1.5 meters that is pivoted at its center. It is initially at rest and horizontal. A blob of clay, mass .75 kg, is dropped from a height of 3m onto the left mass.


a)
What is the angular speed of the system immediately after impact? (10 points)


b)
Through what angle does the system rotate before momentarily stopping? (15 pts)

3)
A large sphere rolls without slipping across a horizontal surface. The sphere has a constant translational speed of 10 meters per second, a mass m of 25 kilograms, and a radius r of 0.2 meters. The moment of inertia of the sphere about its center of mass is 
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. The sphere approaches a 25° incline of height 3 meters as shown above and rolls up the incline without slipping.


a)
Calculate the total kinetic energy of the sphere as it rolls along the horizontal surface.


b)
Calculate the magnitude of the sphere’s velocity as it leaves the top of the incline and specify the direction of the sphere’s velocity just as it leaves the top of the incline.


c)
Neglecting air resistance, calculate the horizontal distance from the point where the sphere leaves the incline to the point where the sphere strikes the level surface.


d)
Suppose, instead, that the sphere were to roll toward the incline as stated above, but the incline were frictionless. State whether the speed of the sphere just as it leaves the top of the incline would be less than, equal to, or greater than the speed calculated in b. Briefly explain.


e)
Calculate the translational speed of the sphere at the top.

4)
A solid cylinder of mass M, radius R, and rotational inertia 
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 rolls without slipping down the inclined plane shown above. The cylinder starts from rest at height H. The inclined plane makes an angle θ with the horizontal. Express all solutions in terms of M, R, H, θ, and g. 
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