AP Physics C

Simple Harmonic Motion Problems
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#1 (1988)

A 5‑kilogram object initially slides with speed vo in a hollow frictionless pipe. The end of the pipe contains two springs, one nested inside the other, as shown above.  The object makes contact with the inner spring at point A, moves 0.1 m to make contact with the outer spring at point B, and then moves an additional 0.05 m before coming to rest at point C.   The graph shows the magnitude of the force exerted on the object by the springs as a function of the object’s distance from point A.

a.
Calculate the spring constant for the inner spring.

b.
Calculate the decrease in kinetic energy of the object as it moves from point A to point B.

c.
Calculate the additional decrease in kinetic energy as the object moves from point B to point C.

d.
Calculate the initial speed vo of the object.

e.
Calculate the spring constant of the outer spring.
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#2 (1980)

A small mass m1 rests on, but is not attached to, a large mass M2 that slides on its base without friction.

The maximum frictional force between m1 and M2 is f.   A spring of spring constant k is attached to the


large mass M2 and to the wall as shown above.

a.
Determine the maximum horizontal acceleration that M2 may have without causing m1 to slip.

b.
Determine the maximum amplitude A for simple harmonic motion of the two masses if they are to move together, i.e., m1 must not slip on M2.

c.
The two‑mass combination is pulled to the right the maximum amplitude A found in part (b) and released. Describe the frictional force on the small mass m1 during the first half cycle of oscillation.

d.
The two‑mass combination is now pulled to the right a distance of A' greater than A and released. 

i.
Determine the acceleration of m1 at the instant the masses are released.

ii.
Determine the acceleration of M2 at the instant the masses are released.

