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PHYS 3200 — Midterm Exam #1 29 Feb 2016

Instructions:
1. Justify your answers and clearly show your work; organization and neatness count.

2. Record your solutions in the Examination Booklet provided.

32
Problem 1: A point particle of mass m moves in one dimension in a potential V(z) = — + 2,
x

(a) Write the Lagrangian for this system, in terms of the coordinate x.
(b) Find (but do not solve) the equation of motion for the particle.
(c) Determine the position zp > 0 at which the particle is at equilibrium.

(d) The particle exhibits small oscillations about the equilibrium z. By linearizing the equation of
motion about zg and changing variables to u = z — xg, determine the frequency of these oscillations.

Problem 2: Two point masses, each of mass m, are attached to opposite ends of a massless rope. The
rope is suspended over two massless, frictionless pulleys as shown. The mass on the left moves only
vertically, while the mass on the right swings as a pendulum.

(a) Write the Lagrangian for this system, in terms of the coordinates ‘\
r and 6. [
r
(b) Write the Lagrangian equations of motion. Give an interpretation ' e
(e.g. in terms of Newton’s 2nd Law) for every term in each equation. g : \
I ™m

(c) The mass on the right is released from rest with initial conditions
r(0) = r¢ and 6(0) = 6y where 6y is small. The system exhibits small
oscillations. Write linearized equations of motion for this case and
solve them for the functions r(t) and 6(t). Describe the motion.

Problem 3: A spring (stiffness k, rest length L) pivots without friction about one end fixed at point
P. The other end of the spring is attached to a bead of mass m, which slides without friction along a
wire, as shown.

P

(a) Use Lagrangian constraints to determine the force exerted by the
wire on the bead.

(b) Verify that your answer to (a) is exactly what you should have

|
|
|
expected from Newtonian mechanics. |
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