








Problem 4 [30 Points]
A simple pendulum (mass M and lengh L) is suspended from a cart (mass m) that can oscillate on the
end of a spring of force constant k, as shown in the figure below.

(a) Assuming that the angle φ remains small, write down the system’s Lagrangian (10 points) and
the equations of motion for x and φ (5 points).

(b) Assuming that m = M = L = g = 1 and k = 2 (all in appropriate units) find the normal
frequencies (5 points), the normal mode eigenvectors describing the velocities of the two masses
undergoing normal oscillations (5 points), and describe the motion of the corresponding normal
modes (5 points).
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Problem 2 [20 Points]
A particle of mass M at rest decays into a particle of mass m and a massless particle. Find

(a) (10 points) the total energy of the massive decay product

(b) (10 points) the momentum of the massless decay product

4




























