Physics 228 - Winter 2008

HW IX

Due Friday 3/7/08
Except as noted, all problems are in the class text, Boas.

Example problems: Not to be turned in T solutions can be found in the back of the
text, or in Appendix B.

§11.3: 3,9, 14
§11.7: 1,7
§13.7: 2,10, 13
§12.12: 5
§12.13: 2,3
§12.15:5
§12.19: 1
§12.23: 11,20

Assigned problems: To be turned in. Five problems chosen at random from those
assigned in Boas below will be graded and are worth 5 points each. Problem A is
extra credit: doing extra credit problems can make the difference in borderline

grade assignments. (Regular HW points are not the same as Extra Credit points.)

§11.3: 4, 12 [ Let O stthtGaranfafunctéon] | i t t | e abou
§11.4: Evaluate G( 3.7) using the properties of the Gamma function (including a

table of values for G(x), 1.0¢ x ©.0)

§11.7: 4 [And the Beta function]

§13.7: 4,14 [Here we practice our understanding of Laplace in spherical
coordinates]

§12.12: 4

§12.19:3

§12.23: 18

A. (Extra Credit 1 1 pt) As discussed in Lecture 22 the Associated Legendre
polynomials for any fixed value of the parameter m provide a complete set of basis
functions on the interval -1 & 1 In the previous extra credit exercise we studied
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this feature for the case for m =0, i.e., the usual Legendre polynomials. In this

problem we will repeat that study for the case m =1 and compare to the previous

resul ts. Whil e we obtained a nclosed f
(ordinary) Legendre series in the previous extra credit exercise, here we will let

Mathematica do all the hard work. Note that Mathematica has a built in function

for the Associated Legendre polynomial, N

P™(x) = LegendreP[Lm,x], which, for reasons
that I do not understand, has an extra factor
(- l)m in its definition compared to our

definition. (This does not change the fact that
it is a solution to the Associated Legendre
equation, but does correspond to a different ‘ ne ne
convention.) As in the | ast extra crec
function in exercise 12.9.5 in Boas (and the figure here), but here we will use the

Associated Legendre polynomials with m=1.

a) Using the symmetry properties of the function and the Associated Legendre
polynomials show that the coefficients in the Associated Legendre series
expansion for the function in the figure can be expressed as
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b) Use Mathematica to evaluate the first 25 non-zero coefficients in the series, C,,

| =1,3,> ,49. Use the explicit form, Pl1 (X) =+/1 -x*, and our new knowledge of
the Gamma and Beta functions to analytically check the result for the first
coefficient, ¢, =(3p 4)/8.

¢) Use Mathematica to make plots of the Associated Legendre expansion for the
triangle function corresponding to keeping 2, 5, 10 and 25 terms. Compare these
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results to the results of the previous extra credit problem using the same number of
terms (see the solutions on our webpage) but with the usual Legendre polynomials
and the appropriate coefficients. Are you surprised at how similar they are?

d) To understand the similarities use Mathematica to make plots of the
corresponding functions, i.e., make plots on the range - 1 X 1€ comparing:

P,andP', P,and P, and P,andP,. Comment briefly on the similarities and

differences.

Note: Problem sets must be turned in by the end of classorbeinSt eve EI | i sés Physics
PM on the date indicated. Late problem sets are accepted up to 1 week late for a 50% discount. Solutions will be

posted on the web.
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