MA/PHY 506 Fall 2012
Midterm Exam - 100 Points
19 October 2012

INSTRUCTIONS: PLEASE WORK ALL FOUR PROBLEMS BELOW. NO
BOOKS, PAPERS, OR NOTES ARE ALLOWED.

l;TAME: 50 Il/(;l'n;'{‘us

PROBLEM | MAXIMUM GRADE | SCORE

1

25

2

25
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25

4

25

TOTAL

100




Problem 1. (25 points.) The Laguerre ODE arises in the eigenvalue problem
for the hydrogen atom. It is the ODE:

zy" + (1 —z)y +ny =0,
for a positive integer n.
i. Classify the finite singular points, if any.

ii. Solve the ODE by the Frobenius method about ¢ = 0. Indicate clearly the
indicial equation and the recursion formula.

ifi. Show that this equation has a polynomial solution L, (z) and write these
polynomials for n = 0,1, 2.
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Problem 2. (25 points.) Find the most general solution to the Euler nonho-
mogeneous ODE:
$2yll +$yl — 1’

for z > 0. If you use the Green’s function, make sure you divide through by z2.
Integrate by parts to do some of the integrals.
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Problem 3. (25 points.)

T

i. Find the most general solution of the ODE: zy’ + y = ze™ ’

ii. Find the solution to the initial value problem: z%yy’ +yy’ = = and y(0) = 0.
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Problem 4. (25 points.) Find the most general solution to the nonhomoge-
neous ODE:

yll _4yl+4y= ez_
Be sure to clear describe each step of your calculation.
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