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Physics 550

Final Exam

Name:

Instructions / Notes / Suggestions:

• Each problem is worth five points.

• In order to receive credit, you must show your work.

• Circle your final answer.

• Unless otherwise specified, answers should be given in terms of the variables in the

problem and/or physical constants and/or cartesian unit vectors (êx, êx, êz) or radial

unit vector r̂.

• Staple your work.
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Problem #1:

Consider an infinite, one-dimensional chain of (classical) particles, each with mass m and

connected to its neighbors by springs (spring constant k).

(a) Draw a schematic of this system.

(b) Find an expression for the (change in) potential energy as a function of the displacement

of a single particle from its equilibrium position.

(c) Following (b): Allowing for each particle to be displaced, find an expression for the

potential energy of the entire system.

(d) Write the Lagrangian for the (entire) system.

(e) Following (d): Find the equation of motion for each particle.



Final Exam Physics 550

Problem #2:

In Problem #1, you should have found the following answer (for the qth-labeled particle):

ẍq + ω2(2xq − xq+1 − xq−1) = 0 (1)

where ω =
√
k/m.

As a constraint, fix the positions of all of the particles except one.

Solve Eq. (1), subject to the above constraint, using a Fourier series.



Final Exam Physics 550

Problem #3:

Consider the system from Problem #1, subject to the constraint in #2.

(a) Determine, according to Old Quantum Theory, the energy levels of the system.

(b) Discuss the mechanism by which this quantization occurs (in Old Quantum Theory);

consider the similarities and differences between the classical and quantum theories.

(c) Related to (b): Interpret the energy levels in the context of the Bohr model (of the atom)

and Born’s extension to mechanical systems.
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Problem #4:

Consider the system from Problems #1 and #2.

In Problem #2, you should have found the following answer (for the qth-labeled particle):

x(t) = a−1e
−i
√
2ωt + a1e

i
√
2ωt (2)

where a−1 = a∗1.

Using the Principle of Correspondence, find an expression for the quantum Fourier series

describing x (for state n).

Hint: Equation (2) becomes incomplete, as the (classical) condition on a0 no longer holds.
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Problem #5:

Consider a particle with mass m in a one-dimensional x box/well. The latter is defined by

the following potential:

V (x) =

V0, if x < 0 or x > L

0, otherwise

where V0 is a constant and L is the length of the box.

For the energy E < V0, . . .

(a) Determine E, using Old Quantum Theory.

(b) Determine the solution Ψ to the one-dimensional Schrödinger equation and associated

E.

(c) Compare the answers (for E) found in parts (a) and (b), discussing reason(s) for any

similarities or differences.
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Problem #6:

Consider a single “particle” (quotations added, for generality) with mass m, in one dimension

x, for which the potential energy of interaction is

V (x) = C
e−αx

x

where C and α are constants.

Develop a series solution Ψ to the one-dimensional Schrödinger equation. Determine at least

the first three nonzero terms.

Assume that Ψ(0) = 0.


