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Problem 1. Find the frequency of small oscillations of the following system

L = coshx(ẋ2 − 1) .

Problem 2. Express the components of the mass quadrupole moment tensor,

Dij =

∫
(3xixj − r2δij)ρdV ,

where ρ is the density, in terms of the components Iij of the inertia tensor.

Problem 3a. Find the eigenfrequencies of coupled harmonic oscillators with equal masses m, all with spring
constant k, with the system fixed at the ends. Note that the motion can only take place in one dimension.

Problem 3b. Write the equations of motion for the symmetric top, i.e. for a rigid body with inertia I3 around
a symmetry axis, and I1 around the two perpendicular principle axes of rotation.

Problem 4. Find the frequency of the small oscillations for the system depicted in the Figure. The end of the
system moves on a vertical axis and the whole system rotates with the angular velocity in the field of gravity

around a vertical axis and ω >
√

2g
a .


