
PHY 421 FALL 2015 - MIDTERM EXAM 1
Solve the following problems. All the problems carry equal credit (but the questions inside each
problem can have different weight). Books and notes are allowed.

1. A particle with mass m moves in a one-dimensional potential defined as follows

V(x) = k1x + k2 sin
(

x
x0

)
,

where k1, k2, and x0 are positive constants.

(a) Sketch a plot of the potential V(x).
(b) What are the dimensions of the constants k1 and k2?
(c) For what values of the parameters k1, k2 and x0 does the system admit equilibrium points?
(d) For the values of k1, k2 and x0 that satisfy the conditions described in point (b) above, find the
location of the stable equilibrium point that is nearest to the origin. Express the frequency of the
small oscillations of the particle about such stable equilibrium points in terms of m, k1, k2 and x0.

2. A particle with mass m moves along the x-direction and is subject to a velocity-dependent force
F = −γ|v|α, where γ and α are positive constants with α 6= 1 and v ≡ ẋ.

(a) Compute v(t) with initial condition v(t = 0) = v0 > 0.
(b) Sketch a qualitative plot of the curve v(t) for α < 1. How much time will it take for the particle
to stop in this case?
(c) Sketch a qualitative plot of the curve v(t) for α > 1. How does the behavior of the system change
with respect to the case α < 1?
(d) For α < 1, compute how far the particle will travel before it stops.
(e) For α > 1, for what values of α will the particle travel an infinite distance?

3. A simple harmonic oscillator with angular frequency ω is set up in such a way that at t =
−π/ω, x = a and ẋ = 0.

(a) Write the evolution x(t) of this harmonic oscillator.

For 0 < t < π/ω the system is subject to an external force F(t) = Qt, with Q a positive constant.
We want to study the evolution of the system after this force started acting. To do so, we note that
for 0 < t < π/ω we have a forced harmonic oscillator, so we have to find the particular solution to
the equation of motion.

(b) Find the particular solution using the guess x(t) = Btβ with B and β constants that you must
determine.
(c) Now write the general solution to the equation of motion for the system for 0 < t < π/ω and
determine the integration constants so that the position and the velocity of the harmonic oscillator
right after t = 0 are the same it had right before t = 0. [Attention! The integration constants you
have to find here are not the same as you found in part (a) of this problem!]
(d) What is the evolution of x(t) after the force is no longer acting, i.e., for t > π/ω?
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