
PHYSICS 311: Classical Mechanics – Midterm Exam

February 10, 2015, 10:00am

You have 2 hours to complete the exam. Please answer all questions clearly and
completely. Make sure that you show all of your work. Only answers written in
your bluebooks will be graded.

You may reference the formula sheet, attached. Beyond that, the exam is en-
tirely closed book.

1. [15 points] A particle of mass, m, is in orbit in a central potential given
by:

U = − κ

r2

where κ is a positive constant.

(a) What is the force on the particle? Is the force attractive or repulsive?

(b) Please compute ∇× ~F . Is this force conservative?

(c) The particle is in a circular orbit at radius, r. What is the velocity
for a circular orbit?

2. [15 points] Let’s do a bit of math.

Consider a vector:
~v = 2x3î− 4xĵ

and a complex number:
A = 2− 3i

Compute

(a) ∇ · ~v
(b) ∇× ~v
(c) AA∗
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3. [20 points] Let’s consider a slight variation of a classic. A mass, m, is
released from rest, on an inclined plane, as shown:

Instead of contact friction, the mass is moving through a viscous oil with
a linear coefficient of friction, b.

(a) What is the net force on the mass the instant it is released?

Force is a vector, so be sure to define your directional vectors clearly.

(b) Write down a differential equation describing the velocity as a func-
tion of time.

(c) Assume the plane is arbitrarily long. What is the terminal velocity
of the mass?

(d) What is v(t)? (This is a toughie, so think carefully).

(e) E.C. What is x(t)? Show that in the limit of b→ 0 that this reduces
to the non-friction result.

2



4. [35 points] Let’s do a single system, 2 ways.

Consider a double pendulum with two equal masses, one a distance L and
one a distance L/2 from the pendulum pivot, as shown:

The pendulum operates in an ordinary earth gravitational field of strength,
g with no friction. Do not assume small oscillations unless you are asked
to.

(a) Approach 1: As a rotational system.

What is the moment of inertia of the pendulum?

(b) What is the torque on the pendulum?

(c) Based on your results above, what is φ̈ as a function of φ?

(d) Approach 2: Based on Energy.

What is the kinetic energy of the pendulum as a function of φ̇?

(e) What is the potential energy of the pendulum as a function of φ?

(f) Write the Euler-Lagrange equation.

(g) For small oscillations, what is the frequency of oscillations?

Given the nature of the problem (and the fact that I’m spoon-feeding
you sanity checks), it is especially important that you show your
work.
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5. [15 points] A particle of mass, m, moves around an inverted cone where
the half opening angle is α as shown. There is no friction.

(a) What is the Lagrangian of the system? You should express both this
and subsequent answers in terms of the orbital angle, φ, and r, the
physical distance to the tip of the cone.

Hint: You may need to do a bit of trig to figure out the tangential
component of the velocity.

(b) Write the Euler-Lagrange equations for the system?

(c) What velocity, if any, produces a stable orbit around the cone?
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