
11.3 Solution of Laplace equation by separation of variables (cont)
Sep of variable
0F = >

n = 1
N An$sin npx sinh npy

At y = 1, F x, 1 = >
n = 1
N Ansinh np sin npx = f x  This is a Fourier Series

To find An, we need to find the F.S. of f

Using 
0

1

sin npx sin mpx  dx =
1
2
dnm

So 
0

1

sin mpx f x  dx = >
n = 1
N Ansinh np

0

1

sin mpx sin npx  dx = Amsinh mp 1
2

Am =
2

sinh mp
0

1

sin mpx f x  dx

Eg A slight generalisation is to solve for nontrivial B.C. on all 4 sides.

F = FACFBCFCCFD

By uniqueness, this gives the correct solution.
In this way, we can solve the porblem by solving simpler problems whose solution is know already.

11.4 Solving Poisson equation by Green function method
V2F = r in V
F S = Y
11.4.1 Green Function
Recall d- function has the property

KN

b
f x d xK x0  dx = f x0

We can generalise this to higher dim

=d
f x d xK x0 dx = f x0

It is east to see that this is just a product of 1d d.

Definition
A Gree function G x  satisfies the following defining equation
	

 Vx

2G xK y = d xK y , x, y vectors.
An example of Green function will be provided in problem class after Easter

11.4.2 Solving 3d Poisson using Green function
Trick: Use divergence theorem for
	

 V$ FVGKGVF =VF$VGCFV$VGKVG$VFKGV$VF
	

 = FV2GKGV2F
	

 = Fd xK y KGr
Div. Theorem



V
V$ FVGKGVF d3x =

V
Fd xK y K rG xK y  d3x = F y K

V
G xK y r x  d3x

LHS =
S
FVGKGVF dA =

S
YVGKGVF dA

Now we choose Green function G s.t. G s = 0 then we obtain

F y =
V
G xK y r x  d3xC

S
YVG dA


