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A bead is confined to slide on a circular hoop of radius R, as shown below. There is no
gravity in this problem; however the particle is attached to a spring whose other endpoint
is fixed at the top of the spring. The spring itself is not constrained to lie on the hoop.

Problem 1: [20 points]

a) Write the action for this system, specifying your generalized coordinate(s)
b) Write the Euler-Lagrange equations

c) How many static (bead is stationary) solutions are there, and indicate whether they are
stable or unstable to small perturbations. You don’t need to do any computations here, just

give a short explanation in words. .
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A particle of mass m is released from rest on a frictionless track, as shown. When it comes
to the end of the track the particle flies into the air at angle # with the horizontal, where it
encounter wind resistance of the form F = —~i7. There is no wind resistance while the particle
is on the track.

Problem 2: [20 points]

a) How much time elapses between the particle leaving the track and it reaching its highest
point?

b) What is the height of the particle at its highest point?

c) How much horizontal distance does the particle travel between leaving the track and when
it reaches its highest point?
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Problem 3: [20 points] Name

Bob is standing on a round platform of radius R and moment of inertia [ that can rotate
without friction. Alice is standing away from the platform. She can throw frisbees to Bob, who
will catch them. The frisbees are taken to be thin rings of radius r and mass m. The frishees
spin at angular velocity w, in the clockwise direction as viewed from above. Alice can throw
the frisbee so that its center of mass travels at speed v. Alice’s goal is to throw frishees to Bob J
and make the platform rotate at angular velocity €2, in the clockwise direction as viewed from ‘
above. You can assume that Bob drops the frisbees off the platform after catching them, so .
the mass of platform does not change.and that Bob has negligible mass.

a) Where should Alice and Bob stand to accomplish the goal with as few frisbee throws as
possible?

b) What is the change in angular momentum of the platform with each catch?

c) How many frisbee throws does it take to accomplish the goal?
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