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1.(25 %) A particle of mass m is constrained to move on the inside surface of a smooth
cone of half-angle c (see Fig. 1). The particle is subject to a gravitational force.
(a) Find the Lagrange’s equations of motion. (12 %)
(b) If the particle moves in a circle of radius ro, what is the frequency, w, of this motion?
(3 %)
(c) If the particle is then perturbed slightly from this circular motion, what is the
frequency, 2, of the oscillations about the radius ro? (7 %)
(d) Under what conditions does Q =w? (3 %)

Ry, 1

2.(15 %) A particle moves in a potential, U(r) = —C/(3r°).
(2) Given angular momentum [, find the maximum value of the effective potential. (5 %)
(b) Let the particle come in from infinity with speed vo, what is the largest value of
b (call it bpqz) for which the particle is captured by the potential? In other words,
what is the "cross section” for capture, mb2,,, for this potential? (10 %)
3.(25 %) Consider a particle moving in a potential U(r). Rewrite the Lagrangian in terms
of a coordinate system in uniform rotation with respect to an inertial frame.
() Calculate the Hamiltonian and determine whether H = E. (10 %)
(b) Is H a constant of the motion? Why? (3 %)
(c) If E is not a constant of motion, why isn’t it? (4 %)

(d) Use the Lagrangian you obtained to reproduce the equations of motion (8 %)
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4.(20 %) A double pendulum consists of two simple pendula, with one pendulum
suspended from the bob of the other. Assume the two pendulua have equal lengths and
have bobs of equal mass and both pendula are confined to move in the same plane.

(2) Find Legrange’s equations of motion for the system. (10 %)
(b) For small oscillations, find the normal modes and their frequencies. (10 %)

5.(15 %) A stick of mass m and length { spins with frequency w around an axis, as shown
in Fig. 2. The stick makes an angle 6 with the axis and is kept in its motion by two
Strings that are perpendicular to the axis. What is the tension in the strings? (Ignore

gravity.)




