1 [2.5 points]. A spherical pendulum consists of a mass m attached to a fixed point by an inextensible
string of length a subject to a uniform gravitational field, so that it moves on the sphere. Write the
Lagrangian. Derive the Euler-Lagrange equations. Find the equilibrium points and study if oscillations
about them are stable. Write the Hamiltonian. Find two conserved quantities.
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2 [2.5 points|. A particle of mass g moves in a central force field with potential energy V = —k/r3,
k > 0. If the particle approaches from infinity with impact parameter b and velocity vg, find the
condition that b and vy must satisfy for the particle to fall into the origin.
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3 |2.5 points]. Light is emitted at time ¢ty = 0 from position xg = (2,0,0). At what points x; can
it be observed at time ¢ty = 37 An observer is in an intertial frame S’ that moves with respect to the
source of emission with velocity v = ¢/2 along the positive 2’ axis. What is the trajectory for the light

rays that he will observe?
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4 [2.5 points|. Two bodies of masses m and 2m are attached to the ends of an inextensible massless
string of length a. The masses slide without friction over two slopes. See the figure. Write the Lagrangian
of the system and derive the Euler-Lagrange equations. Find the linear acceleration of the masses.
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