Math 33A Fall 2005 Homework Assignments  Eberlein
HW # 8 due Wednesday November 2

11.5#1,3,5,7,9, 17,19, 23, 25, 27, 33
11.6#7,8, 11, 13,19, 21, 35, 37

Extra Problems

1. (Laplace's equation in polar coordinates) Consider a function f(x,y), which becomes a function
of the polar coordinatesBryvhen we substitute x =r c8sand y = r sirb. Prove :
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One denotes either side of the expression abo¥d, layd the equatioaf = O is called Laplace's
equation.

(Hint : Use the following formulas from class and the handout :
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2. Letf(rP) be a function in polar coordinates of the form6j(s A(r) B(6) ; that is, a product of
a function A(r) of r and a function B) of 6. Because of the nature of polar coordinates we impose
the additional condition that B¢ 2m) = B(0) for all real number8.

a) Show that if f satisfies Laplace's equation ; th#¥fis, 0, then

{A"(r) + %A'(r) +r12A(r) Igl((ee))} B(6) = 0.
" 2. . .
Conclude that BB(%G)) - _T ﬁ(r()r) _ f/i((rr))

b) Explain why both sides of the equation above must be equal to a constant c.

c) Conclude that B&) - c B@) = 0 and ?A"(r) +rA'(r) + c A(r) =0. The second
equation is called Bessel's equation,
Remark One can show that the constant ¢ above must efushce B@ + 2m) = B(O) for all real
numberD. In this case the solutions of B)# B(B) = 0 are given by B) = a co® + b sinb,
where a,b are arbitrary real numbers. Itis easy to see that these fun@joseiBffy the equation
B"(0) + B(©) = 0, and the theory of differential equations (Math 83) says that there are no other



solutions. How to solve the Bessel's equati%A"(r) +r A'(r) + c A(r) = 0 is explained in Math
124.

3. (spherical coordinates) Recall that the spherical coordm8tead are defined by

p2 = x %+ y2+ 22 , X =p sing coD, y =p sing sind and z =p cosy. Using methods similar to
those used in the handout on polar coordinates prove the following formulas :
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For a function f(x,y,z) we can also regard f as a function of the spherical coorgifates

and. Use the formulas above and the chain rule to derive the formulas below.
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