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PHYSICS 104A, FALL 2016
_ MATHEMATICAL PHYSICS
. :i.';'; Midterm Exam

[1.] Compute the following integral by the method of complex integration:

+oo 1
———=d
/0 22425

Explain all your steps clearly, e.g. what path you are using in the complex plane, how you
arrive at this path, etc.

[2.] (a) Compute the eigenvalues and eigenvectors of the matrix,

M= (33)

What relation do the eigenvectors have relative to each other? Does the form of M have

anything to do with your answer?

il

(b) If M is a quantum mechanical observable and ¥ = 7 is a particle’s wave function,

1
1
what are the possible values if you measure M, and what are their probabilities?
(c) Compute the eigenvalues only of the matrix,

B <—§/2 542)

Are the eigenvalues real? Could S be the matrix for a QM observable?

[3.] A particle undergoes a random walk of five steps, with probability p = 0.7 of Az = +1
(i.e. to the right), and probability ¢ = 0.3 of Az = —1 (i.e. to the left). What are the
possible final positions? What are their probabilities?

[4.] Your teaching assistant Alex discovers a new class of “Giguere operators” G. They obey
the relation G = G3. What can you say about their eigenvalues?

[5.] In class we solved the problem of three equal masses m .j\/W\f._/VVV\/.
connected by two equal springs k. See figure. The frequen-
cies were mw? = 0, mw? = k, and mw? = 3k. The cor-
responding eigenvectors were (1 1 1), (1 0 -1), (1 -2 1).
Suppose we make the central mass larger M = 3m than the
two end masses m. Without doing the problem mathemat-
ically, what can you say about the two lowest frequencies
and associated normal mode vectors? To receive credit, you .—/\/\/\A/'/VV\A/—.
must clearly explain why you are making your various state-

ments. m k M k m
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