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Classical Mechanics - Mid-term exam - November 19th, 2025

(Time: 80 minutes)

1 [3 points]. A particle of mass m moves in a central force field. The particle follows a trajectory
r = ae® of known angular momentum L, with a a constant with dimensions of length and b a
real parameter. Here r and 6 are polar coordinates in the plane on which the motion takes place.
Use Binet’s equation to find in terms of L and b the potential energy V(7).

(Part of problem 3 of Janaury 17th 2024 final exam. Solution was in the course webpage). Binet’s
equation is
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and substituting in Binet’s quation, it follows that
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Hence

This gives (Vp is an integration constant)
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2 |7 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 a
sphere. Write the Lagrangian. Derive the Euler-Lagrange equations. Find the equilibrium points
and study if oscillations about them are stable. Write the Hamiltonian.
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