Physics 351 Mechanics Fall 2018
First Examination - Oct. 15, 2018 — 100 points total

1. A particle of mass m moves in one dimension subject to the force F = —asin (z/b),
where a, b are positive constants.

(a) Find the potential energy and sketch it; it is convenient to choose the integration
constant so that V' =0 at = 0. (5 points)

(b) Identify any points of stable or unstable equilibrium, and discuss the qualitative
nature of the particle motion for different values of the total energy E. (15 points)

(c) At time t = 0 the particle is at rest at z = —b. How long does it take to return to
this point? Leave your answer in the form of a definite integral. (15 points)

2. A particle of mass m and electric charge ¢ moves in the z-y plane, attached to the
origin by a spring of stiffness %, and a constant magnetic field B is applied in the
z-direction.

(a) Write the equation of motion for the particle and find the possible frequencies of
oscillatory motion. (20 points)

(b) Write the general solution of the equation of motion and discuss how the constants
can be found from the initial position and velocity. Do not do the algebra, explicitly
- just show that there are exactly enough independent constants to match the initial
conditions. (10 points)

3. A pencil is placed vertically on its tip on a horizontal surface, and begins to fall over,
as indicated in the figure below.

(a) Assume that the tip is held in place by static friction. Find the normal and
tangential components of the force that the pencil exerts on the surface, as a function
of the angle 6. If you don’t remember the relevant moment of inertia, just indicate the
point about which it is taken. (20 points)

(b) Now suppose the surface is frictionless and the tip slides freely. Derive the equation
of motion for #, but you need not solve it. (10 points)
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