PHYSICS 104A, FALL 2015
! MATHEMATICAL PHYSICS
&&ﬁgg@, Final Exam

[1.] A quantum mechanical particle has initial wave function (z, 0) = ne~=/2_ What value
of n is needed for normalization? What is the distribution of momentum ¢(k)? Check that
c(k) is normalized. Compute either Az or Ap.

[2.] A string is stretched from z = 0 to & = L. Its displacement from equilibrium at position
z and time ¢ is denoted by y(z,t) and obeys the wave equation,

y(a,) 1%z,
Oz? v2  Ot2

(a) Construct the general solution by the separation of variables method. How do you use
the fact that the string is tied down at £ = 0 and £ = L to narrow down the possible
solutions? (b) Compute y(z, t) if you are also told the initial displacement and velocity,
y(z,t =0) = 6z — L/2) Wiat)| =0
ot t=0

[3.] (i) On what sort of object does the gradient operator act? What information does it tell
you? (ii) On what sort of object does the divergence operator act? What information does
it tell you? (iii) On what sort of object does the curl operator act? What information does
it tell you? Feel free to draw some pictures in your response to these questions.

[4.] Compute [ F - dl of the vector field F = —zi+y?j from the origin (0,0) to (2,4) along
(i) a straight line path; and (ii) along a parabolic path y = z%. Comment on the relationship
between your two answers.

=0

[5.] Compute the eigenvalues, normalized eigenvectors, and inverse of the matrix

M =

O O
O O
w oo

[6.] Consider vectors ¥ in the 2D (xy) plane. The operator O triples the length of ¢ and
also rotates it counterclockwise by 30° to produce the vector @. What is the matrix for O?
That is, find a matrix M so that @ = M.
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