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Section 2

The basic solutions of Laplace's equation are given by text equa-
tion (2.7). We want T+0 as v+ o and T=0 when x=0, so we use
the solution e ¥ sinkx. We also want T=0 when x =10 so we set
sin 10k =0 or 10k =nn., Thus our basic solutions are

e ™Y/ 10 (4o (nmx/10), n=1,2,3 +-+. Any linear combination of
these solutions is a solution of Laplace's equation satisfying
the given boundary conditions on three sides of the semi-infinite

strip. We write

_ _-nny/10 _, .
(1) T=) b_e sin(nmx/10).
Now we want T=x when y=0:

(2) T=x=2bn sin(nmx/10).

This means that we want to expand x in a Fourier sine series,
By text Chapter 7, Section 9, we find

nrx 19

_2 10 aix _2 10\2 /.. nmx nix
bn—mfo xs1n-r0—dx—m(ﬁ?) (31nTo—-—m—cos—1—o-

0

=2—02-(-n1r cosnmw) = - ;21%(-1)".

2
n‘m
We substitute the values of bn into (1) [caution: not into (2),

which is just a step in our work and not the final answer] to

obtain T(x,y) satisfying Laplace's equation and all the boundary

conditions:

ntl
T(x,y) =gﬂ£ S_)'ln___ e n7y/10 sinn-ll[c)E

Further comment: Note that we can now easily find the temper-

ature distribution in a finite plate, Suppose that we cut the
semi-infinite plate off at height 15 cm and keep the top edge

at 0°. Then we replace (1) above by
_ ., nm . nmx
3) T= ZBn sinh TU(]‘S -y) sin O

so that T=0 at y=15 as well as at x=0 and x =10 (see text,

page 546). Then at y =0, we want

o . ¢ 15nr . nux _ . nTX

(4) T—X—ZBrl Slnh'—-I-o—-Sln—m'—an Sln—ro—

where B sinhé-gj—'=b . The Fourier coefficients b_ are the same
n n n

as above., We solve for Bn and substitute into (3) to find the

temperature distribution in the finite plate:

2 _ n+l . .
=‘n_o n si(nﬁli)finnns sinh %8(15 -y) sin nf&(' .
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