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Preliminary Examination: Mechanics
Department of Physics and Astronomy

University of New Mexico
Fall 2006

Instructions:

• the exam consists of 10 problems, 10 points each;

• partial credit will be given if merited;

• personal notes on two sides of 8× 11 page are allowed;

• total time is 3 hours

1. What is the escape velocity from a planet of mass M?

2. A planet consists of a solid core of uniform density ρc, radius Rc and a dust halo
of uniform density ρd. Both the core and the dust are spherically symmetric.
What is the force on a test mass m sitting inside the dust at r > Rc.

Figure 2:
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3. A puck of mass m sits on a rotating platform (angular frequancy ω=constant).
Initially the puck is held fixed so that it is at rest in the platform frame at
x = x0, y = 0. At t = 0 the puck is released and slides without friction on the
platform. What is the trajectory (x(t), y(t)) of the puck for t > 0 in the platform
reference frame?

Figure 3:

4. A uniform rod (of length ` and mass m) hangs from its end and is free to rotate in
the vertical plane. Find the angular frequency of oscillation for small (harmonic)
oscillations.

Figure 4:
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5. Consider the system of coupled harmonic oscillators shown in the figure. At
equilibrium x1 = d, x2 = 0 , the springs are unstretched. The masses are released
from rest at x1 = d, x2 = 0. Find x1(t) in terms of the symmetric mode angular

frequency ωs =
√

k/m and the anti-symmetric mode angular frequency ωa =√
(k + 2k′)/m

Figure 5:

6. Consider the oscillator shown in the figure. At equilibrium, both springs are all
unstretched. Show that for displacements purely in the z direction, the motion
is not harmonic no matter how small the displacement.

Figure 6:
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7. A puck slides on a frictionless, horizontal table attached to the origin by a massless
spring (constant k, length `). Write a Lagrangian for the system and show that
the angular momentum is conserved.

Figure 7:

8. A bead of mass m slides freely on a vertical hoop that is being rotated with
constant angular velocity about the vertical direction (see figure). Write a La-
grangian for the system in terms of the generalized coordinate θ.

Figure 8:
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9. A laser with frequency ν is aimed at a mirror which moves towards it at a rela-
tivistic speed v. What is the frequency ν ′ of photons that are reflected directly
back towards the laser?

Figure 9:

10. High energy cosmic ray protons can interact with Cosmic Microwave background
photons via

p + photon → p + π0.

We want to determine the minimum (threshold) photon energy for this process
in the proton rest frame.

a.(3 points) Find the Lorentz transformation (boost) from the proton rest frame
to the zero-momentum frame (frame in which the momentum of the photon-
proton system is zero).

b.(3 points) In the zero-momentum frame, what is the minimum (threshold)
energy to produce a proton and a pion?

c.(4 points) Transform back to the proton rest frame to find the minimum photon
energy for this reaction in the proton rest frame.


