Problem 1 (15 points)
Using known Taylor series (see equation sheet), calculate
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Problem 2 (20 points)

Write in (x+iy) form (include all the distinguishable values):
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Problem 3 (20 points)
Show that

[ =

X cosap

To  wie +he Lxpression cp!:w d{ut B *;pf-{l.-'ltﬁﬂllﬂ-

4
p-¥2

[ ()
L

11y

S LT T L S SV 1€

L —pes
*ZJ b=

)



Problem 4 (35 points)
a) Calculate all non-zero associate Legendre functions B" (cos#) for /=0, 1, 2.3.

b) Explain why F,;,,(0)=0 for any /.
c) Calculate B,(0) (Note — deriving P;:(x) and then substituting x=0 may not be the

fastest way to solve this problem!)
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Problem 5 (25 points)

The fraction of light incident on a circular aperture (normal incidence) that is transmitted
is given by
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Problem 6 (25 points)
The general solutions of Laplace’s equation V7 u = 0in spherical coordinates (r, 6 @) are:
{r’P}”' (cos@)( A, cosmeg+ B, sin m@}} and {r 1P (cosB)(A,, cosme+ B,

Ll

sin m;ﬁ}} :

Find the steady-state temperature distributions inside and outside a sphere of radius a
when the surface temperature is { 3cosfsin® fcos2g .

(Hint: your work for the Problem 4a may be handy)
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Problem 7 (30 points)
A string of length / is stretched tightly and its ends fastened to supports at x=0 and x=/[.
The string has a zero initial displacement and its initial veloeity is vg(x)= x({l-x). Find the
2
displacement u(x,t) by solving wave equation V'u = lj z—f’ :
Voot

A few integrals which you may or may not need to use:
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Problem 8 (30 points)
In the initial steady state of a thermo conducting rod of length / the face x=0 is at ()’, and
the face x=1 is at Ty=40°. From t=0 on, both ends are held at Tp=20". Find the

X
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temperature distribution u(x,#) by solving diffusion equation g—% = o
: x° «a
(Some integrals from Problem 7 may be useful.)
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