Problem 16) We saw in Sec.9 that, for a solid disk of radius R, the method of separation of
variables leads to the following general solution:

T(r,¢) = By + L=y 7™ [Ay, sin(me) + B,, cos(me)]. (1)
The pre-specified temperature at the boundary can be expanded into a Fourier series, as follows:
f(@) = b, + L3-ila, sin(me) + by, cos(me)]. 2)
Here
b, = (1/2m) [ f(6)d6. (3a)
a, = (1/m) [" f(6) sin(mb) do. (3b)
b, = (1/m) [" £(6) cos(m®) do. (3¢)
Matching the boundary conditions at r = R, we find: B, = b,, 4,, = a,,/R™, B,, = b,,/R™.
Substitution into Eq.(1) now yields
21
T(r, (,0) = (1/2m) fo f(@)d@ |sinasinb + cosacosb = cos(a — b)|

+(1/m) Yo (r/R)™ foznf(e)[sin(me) sin(mg) -T— cos(m@) cos(me)]db

= 5 U830 + 253, /RY™ [ 8) coslm(p ~ 6)] db)
| cosx = V(e + e7¥) |

= i{ [T f0)do + ¥, fOZ"(r/R)m[eim@P-f’) ¥ mimto-0) ] f(e)de}

= Zi{fznf(e)de +f Z (r/R)el((P 9)] t [(T/R)e—i(qo—e)]m}f(e) d@}
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