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1. A, is invariant under rotation.

Any rotation in three dimensions is given by
¥ = Ox

where O = (0;;) is an othogonal matrix, that is, O'O = OO" = I. Therefore,
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where we have used Z?:1 00 = Okl
2. For the three-dimensional laplacian
Ay =02+ 0,402

it is natural to use spherical coordinates (r, 6, ¢). First, consider the chain of vari-
ables (z,y,z) — (s, ¢, z) which is given by

T = SCOoSQ
Yy = ssin ¢
z2=2z

By the two-dimensional Laplace calculation, we have

1 1
Ugy + Uyy = Ugs + gus -+ ?u@.

Second, consider the chain of variables (s, ¢, z) — (r, ¢,0) which is given by

s =rsinf
z=rcosf
=0
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By the two-dimensional Laplace calculation, we have

1 1
Ugs + Upz = Upp + ;ur + ﬁueﬁ-

Thus we have

A3u = Ugy + Uyy + Uy = gus + ?u(ﬁqﬁ + Upp + ;ur + T_gué’@‘

And note that s = rsinf and u, = UT% + u@% = u,> + u(;@. Therefore
1 0 1 2 1
Asu = s cot Bug + mu¢¢ + Upp + ;ur + ﬁU@g.

3. Question2 of quiz2.



