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. Laplace egn: VZ¢ =0

* Occurs In electrodynamics, hydrodynamics,
magnetostatics, etc.
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Boundary condition

* Dirichlet boundary condition: Specity ¢ at the
boundary of the domain Q.

* Neumann boundary condition: The normal derivative
of ¢ is specitied at the boundary.

* Mixed boundary condition: Some regions of the
boundary have Dirichlet BC, while the other regions
have Neumann BC.



Properties

* Unigueness theorem: The solution of the Laplace
equation is uniguely determined given the
boundary condition.

* [n 3D, the average value of ¢ over a sphere is
equal to its value at the center of the sphere.

e [n 2D, the average value of ¢ over a disk is equal
to its value at the center of the disk.



Boundaries
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Direct Method

Banded matrix



lterative Methods:
Jacobl Method

= 1
@i ;i = Z(¢i—1,j + @iy, + i i1+ Dijiv1)

y = np.zeros([N+2,M+2])
y[0,:]=V

while (error > eps):
yp[l:N+1,1:M+1] = y[O:N,1:M+1] +y[2:N+2,1:M+1] \
+ y[1:N+1,0:M] +y[1l:N+1,2:M+2]
yp[l:N+1,1:M+1] /= 4

error = np.max(np.absolute(yp[l:N+1,1:M+1]-
y[1l:N+1,1:M+1]))

Y = yp.copy()
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Gauss-Seidel method
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Jacobi
Gauss-Seidel
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while (error > eps):
yp = y.copy() # prev step
for i in range(1l,N+1):
for j in range(1l,M+1):
Yii; )] = (V[i~1p)] ®¥V[itl;7] <+ Y[i;)-1] A
+y[i,j+1])/4

Max Error

error = np.max(np.absolute(yp[1l:N+1,1:M+1] \
- y[1l:N+1,1:M+1]))
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Red-Black Method
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Successive Qver-relaxation
(SOR)
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Timings

Scheme Iterations

Jacobi 2573
Gauss-Seidel 2918

Red-Black 2934

Gauss-Seidel-SOR 1116
Red-Black-SOR 1131




Thank you!
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Jacobl Metho
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 We can apply other methods like Gauss-Seidel,
Red-black, etc.



Thank you!



