Problem 1 (20 points)

a) (5 points) Using the generation function for Legendre polynomials, prove the identity:
3P, (cost) =—

— 2sin(f/2)

b) (5 points) Decompose x° to the sum of the Legendre polynomials.

¢) (10 points) Using results from a) and b) show that
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Problem 2 (35 points)
a) (15 points) Using the generation function ®{x,7) = gt ZX R{x}r—l, derive two
n=il n.

recurrence relations for polynomials X,

b} (15 points) Using the recurrence relations, show that the differential equation for X,
looks like 2 y"—xy'+ny=0.

c) (5 points) The polynomials X,(x) are very closely related to one of the “famous”
polynomials we discussed in class. What is this relation?
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Problem 3 (15 points}

Show that: tj[ 1=p*Wy(pJp dp=2J,(1)

-

i

[ (-8 301D 848 =

o

(
[edip] 45 - ES %[ﬁhqpf -

&\L

;
2
l <leyde -
- dwl|, - i, * 2 gg 1) 4%
O e

e '“31[1}

|
-2gl@] - 2L

S)Jff - i 8" p (§)dF =



Problem 4 (30 points)

a) (20} points) The Laplace equation in cylindrical coordinates
is the following:
e
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Separate the variables, and then write down the general
expression for the temperature distribution in a semi-infinite
half-cylinder (shown in the picture), if all its vertical sides are
maintained at T=0, with non-zero temperature in the bottom.
Hint: your answer will be a series of products of functions of
r, ¢ and z — with some coefficient(s).

b} (10 points) Assuming that the temperature distribution on
the bottom is To(r, @)=f(r)z(@), write down the expression(s)
for the coefficient in the solution series in terms of functions f and g.
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