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Physics 204A, Fall 2010, Midterm Exam

> [1.] Show that the sum of the squares of the elements of a matrix remains invariant under

orthogonal similarity transformations.

[2.] A medium has index of refraction n which depends on position as: n{z,y) = /¥.
Determine the path a ray of light will travel to go from (0,4) to (6,4). Sketch the path.
Why is it reasonable physically? What is the time taken? {You may set the speed of light
c=1.)

[3.] Consider the matrix

73000003
3 7300000
03730000
003730600
MMDOO?)??)OO
006003730
0 000O03 73
3 0000037

(a) List all the eigenvalues and eigenvectors of M.

(b) What is e *Mw) where |w) is the column vector having all components equal to one?
(c) The matrix M is ‘translation invariant’. That is, the matrix elements M, depend
only on j-k (using periodic boundary conditions in interpreting j-k.) From the eigenvalues
and eigenvectors of M, write an expression for the elements of Mj_kl. You may leave your
expression as a sum. (Do not try to evaluate it.) Show that M™! is also ‘translation
invariant.

(d) Suppose the inverse matrix M™! is raised to a high power P = 100. Write down the
resulting matrix M7,
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