PHYS 3496 Midterm Exam
Tuesday, October 22, 2024

Instructions: Please read the following instructions before you start
working on your problems.

e Write your name and student number on the provided examination
booklet.

e All course materials must remain closed during the exam but you are
allowed to have one eight and a half by eleven inch sheet of formulae
and equations.

e No calculators allowed (they are not needed!)

e Write all necessary steps to get full credit

Good Luck!



Problem 1 (12 marks): Find the steady-state temperature distribution

T(z,y) inside the square metal plate given by 0 <z < mand 0 <y <7

if the temperature of the right edge is T(m,y) = y for 0 < y < 7 and the
'*) temperature of the other th{ee edges is 0°.
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Hints:
1. The temperature in the plate satisfies the two-dimensional Laplace’s
equation N
VT (z,y) = %ﬁ—g = W 0.
2.

/ ysin(ay)dy = —2 C(;s(ay) e S““CE;’ Y ¢

Write all necessary steps, including separation of variables and ap-
plying all boundary conditions, to get full credit

Problem 2 (6 marks): The quantum mechanical orbital angular momen-
tum operator is defined as L = —i(r x V).

(a) Show that
Leilg-12 59
~"\™singag ~ “*a0 )
(b) Resolving & and &, into Cartesian components

& = é,cosfcosp+ &, cosflsing —&,sinf

& = —&,sin¢+ é,cosg,

2



determine L, L,, and L, in terms of 6, ¢, and their derivatives.

Problem 3 (7 marks): Consider the Hermite ODE:
y" — 2zy’ + 2ay = 0; —00 < z < 00. (1)

The Hermite polynomials Hy(z), H1(z), Ha(z), - - - are real polynomial solu-
tions of the Hermite ODE that correspond to a =0, 1,2, - - -, respectively.

(a) Let 1) = e=**/?y. Then by substituting y = e**/%y) into Equation (1),
show that 1) satisfies the ODE

P+ (20+1-2*)y=0 (2)
and show that the ODE in Equation (2) is self-adjoint.
(b) For each m = 0,1,2,---, let ¢¥m(z) = e /2H,(z). Then ty, is a

solution of Equation (2) for & = m. Show that the Hermitian operator
boundary condition for Equation (2):

[v*u' — (v*)u]™_=0

—0o0

holds for v = 9,, and v = .

(c) Using the results of parts (a) and (b), write down the orthogonality
condition for the 9,,’s and use that to write the orthogonality condition for
the Hermite polynomials H,,’s.
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Midterm Exam's Solutions, Problem 1
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Midterm Exam's Solutions, Problem 2
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Midterm Exam's Solutions, Problem 3
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