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Preliminary Examination: Mechanics
Department of Physics and Astronomy

University of New Mexico
Spring Semester 2015

Instructions:

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

• partial credit will be given if merited;

• no notes! but calculator yes

• total time is 3 hours

1. A rock of mass m0 sits at the bottom of a super-deep mine shaft that is 1/3 the
radius of the earth. Ignoring air friction, what is the minimum speed with which
the rock can be launched to reach the surface of the earth? (Make and state any
simplifying assumptions you make.) Express your answer as a ratio to the earth’s
escape velocity.

2. A spacecraft of mass m0 and cross-sectional area A is coasting with a velocity v0
when it encounters a stationary dust cloud of density ρ. Assuming that all the
dust sticks to the spacecraft and that A remains unchanged, find the subsequent
speed v(t) of the space craft.

3. In the Ice Capades (a show with performances involving ice skating) a golf ball
is hit (a putt) so that it slides frictionlessly on ice (speed 1 m/s) until it hits a
piece of green matting made to look like grass. After some time, it begins rolling
without slipping. (Recall that the numerical factor in the moment of inertia for
a sphere is 2/5.)
(a) What is the linear speed of the ball once it starts to roll without slipping (in
1 m/s) ?
(b) What fraction of the ball’s initial kinetic energy is dissipated (as heat)?
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4. A physical pendulum is made of rigid rods of negligible mass
in the shape of an isosceles triangle with two equal masses at-
tached as shown. Consider only motions in the plane of the tri-
angle. Find the frequency of small oscillations of the pendulum.
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5. The picture shows a rotating platform that serves as a playground merry go
round. The platform rotates on low-friction bearings about its center axis. It
has a moment of inertia about the center axis is I0. Suppose that the platform is
given an initial rotation rate of ω0 radian per second. A small dense brick having
a mass of m, initially at rest, is then placed on the platform at a distance of r1
from the rotation axis. The brick initially slides, but eventually stops sliding at
a distance r2 (but still on the platform). How much mechanical energy (in terms
of the constants provided) is converted to heat?

6. A particle of mass m is bound to the origin by a force ~F = −k~r. The Lagrangian
of the system may therefore be taken to be,

L =
1

2
m(ṙ2 + r2φ̇2)− 1

2
kr2.

Show that circular orbits are stable.
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7. Two masses 2m and m are attached to each other by a massless spring with spring
constant k and and suspended from the ceiling by an identical spring (refer to
figure). Only vertical displacements are considered. Using coordinates z1 and z2
to describe the displacements from equilibrium of the upper and lower masses
respectively, the equations of motion are given by,

2mz̈1 + 2kz1 = kz2

mz̈2 + kz2 = kz1

(a) Determine normal frequencies of this system.

(b) Find the normal coordinates in terms of z1 and z2.

8. A long string of linear density λ is under tension T. A point mass m is rigidly
attached at a particular point on the string. A wave of angular frequency ω is
incident from the left. What fraction of the incident energy is reflected by the
point mass?

9. A bead of mass m moves smoothly (negligible friction) along a stiff wire bent in
the shape if a helix z = αRφ (φ is the azimuthal angle) under the influence of
gravity. Find the equation of motion for z(t).
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10. Ultra-high energy protons (p) propagating through the universe interact with the
cosmic-microwave background photons (γ). What is the proton energy for the
resonance (N?) process

p+ γ → N?

where mN?c2 = 1240 MeV, mpc
2 = 940 MeV and the mean CMB photon energy

is 10−4 eV?


