Rectangular plate, with temperature fixed at edges:
T=0

y=H

T=0] V*T(x,y)=0 T=t(y)

y=0
x=0 T=0 x=L
When using separation of variables, so T(x,y)=X(x)Y(y),
which variable (x or y) has the sinusoidal solution?

A) X(x) B) Y(y) C) Either, it doesn’t matter
D) NEITHER, the method won'’t work here
E) 7?2 -

Trial solution: T(x,y)=(Ae*+Be**)(Ccos(ky)+Dsin(ky))
T=0

y=H"
Applying the boundary
condition T=0 at 5
i) y=0 and ii) y=H gives 10| V' T(x.»)=0 | T=t(y)
(in order!)

y=0r=—
x=0 T=0 x=L

A) i) k=nT1/H, ii)A=-B

B) i) k=n /L, ii) D=0

C) i)A=-B, ii) k=n1/H

D) i) D=0, ii) k=nTI/L

E) Something else!! 2 2




Trial solution: T(x,y)=(Ae**+Be**)(Ccos(ky)+Dsin(ky))

y=H——1I=0

Applying the boundary
condition T=0 at 5
i) y=0 and i) y=H gives 10| VT(x.»)=0 | T=t(y)
(in order!)

y=0
x=0 T=0 x=L

D) i)B=0, i)}k=pwEt=—> i)C=0 i)k =nm/H
E) Something else!!
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Trial solution: T, (x,y)=(A,e"™"+B e"™H)(sin ntry/H)

y=H T=0

Applying the boundary
condition T(0,y)=0 gives... ViT(x,y)=0 [T=(y)

A) A=0

B) B,=0

C) A=B,

D) A,=-B,

E) Something entirely different! 2 4




Recalling sinh(x)="%(e*-e™
Trial solution: T, (x,y)=A,sinh(nTx/H)sin(nTTy/H)

y=k T=0

Applying the boundary

condition T(L,y)=t(y) =01 vorcxyy=0 Jr=t(y)
does what for us...

>

T=0 x=L
A) Determines (one) A,

B) Shows us the method of separation of v’bles failed in
this instance

C) Requires us to sum over n before looking for A,’s

D) Something entirely different/not sure/... ©e

Trial solution: T(x,y)= Y. A, sinh(nm/H) sin(nmy/H)

n=l

What is the correct formula to find the A,'s?

2 L
A) A =Ejt(y)sin(nny/L)dy
0

y=F T=0

2 L
B) A = Ejt(y)sin(mzy/H)dy
0

=01 vorceyy =0 fr=t(y)

H
C) A = %_([t(y)sin(nﬂy/L)dy

H
D) A, :%!t(y)sin(nny/ﬂ)dy

E) Something entirely different! 2 6




Trial solution:  T(x,y)= Y, A, sinh(nm/H) sin(nmy/H)

n=l1

Right b'dry: t(y) = T(L,y)= YA, sinh(n L/H) sin(nmy/H)

n=l1

y=H _ T=0

T=0

|

VT(x,y)=0 JT=t(y)

T=0 x=L

Right b'dry:  T(L,y)= Y, A, sinh(nm L/H) sin(nmy/H)

n=l1
b
n

H(y)= ibn sin(nmy/H)

n=l1

H
N [ty)sin(nay/md T=0
n T ) YRRV V'T(x,)=0 |T=t(y)
Which means

2 H T=0 x=L
A, sinh(nl/H) = — [ ty)sin(ry/H)dy
0




Solution (1) :  T(x,y)= Y. A, sinh(nmx/H) sin(nmy/H)

n=l1

e 1 2
with: 4 = = [ t(y)sin(nzy/H)d
" = sinh(nal/H) H-([ (y)sin(nay/H)dy
ot T=0
T=0

VT(x,y)=0 JT=t(y)

T=O X=L 2- 9

Solution (I1):  T(x,y)= Y. A, sinh(nmx/H) sin(nmy/H)

n=1

H

o 12
with: 4 = = [ t(y)sin(nmy/H)d
» = Sinh(anL/H) H 3 OO

y=F T=0

If e.q.

t(y)=100° (a constant)... T=0
V°T(x,y)=0 JT=100




y=|_ T=0 y:l— T=g(X)
T=0 =
VT (x,y)=0 [T=f(y) =0 VT,(x,y)=0 | T=0
T=0 x=L T x=L
T,(x,y) = ), A, sinh(nmx/H) sin(nmy/H)
n=I1 H
with A ——zjf( ysin(nzry/H)d
" sinh(ual/H)y HY SRS
How would you find T,(X,y)?
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y:H T=0 y=|_ T=
T=0 =
VTi(x,y)=0 [T=f(y) =0 V2T, (x,y)=0 | T=0
T=0 x=L T=0 x=L

T,(x,y) = ), A, sinh(nmx/H) sin(nmy/H)
n=I1

2

withA =————
sinh(nzlL/H) H

[ ty)sin(ny/H)dy
0

T,(x,y)= Y, A', sinh(nmy/L) sin(nmx/L)

n=l1
1 2

withA' | =————
sinh(ntH /L) L

jg(x)sin(nn’x/L)dx
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y:|— T=0 y=|_ T=0

T=0

VT (x,y)=0 [T=f(y) T=hty) VT, (x,y)=0 | T=0

T=0 x=L T=0

x=L
T,(x,y) = ), A, sinh(nmx/H) sin(nmy/H)
n=I1 H
with A ——zjf( ysin(nzry/H)d
" sinh(ual/H)y HY SRS
How would you find T;(x,y)?
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y=H T=0 y=H T=0
T=0 =
VTi(x,y)=0 [T=f(y) T=h(y) VT, (x,y)=0 | T=0
T=0 x=L T=0 x=L

T,(x,y)= DA, sinh(nmx/H) sin(nmy/H)

n=l1

2
with A =

H
= [f(y)sin(nmy/H)d
" sinh(mrL/H)H-([ (y)sin(nmy/H)dy

Just swap x with (L-x) (1) 214




T=0

x=L

Would this work?

T4(X’y) = T’I(X’y) + TZ(X’y)

A) sweet!

D) Other/??

B) No, it messes up Laplace’s egn
C) No, it messes up Bound conditions

y=H T=0 y:H T=g(X)
T=O =
VT (x,y)=0 [T=f(y) T=0 VT,(x,y)=0 | T=0
=0 et -
y=H  T=9(X)
How would you T=0
. V2T, (x,y)=0 |T=f
find T, (x.y)? ] +() V)
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T=0 x=L
y=H T=0 y=H T=g(x)
T vereg=0 fr=fy) T=0

VT, (x,y)=0 | T=0

T=0 %
y=H  T=g(X)
=l ver, ey =0 fr=fy)
T=0




y=H T=9g(x)

=) | VT =0 [T=f(y)

T=h( )

We have solved this!
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