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• Laplace eqn: 


• Occurs in electrodynamics, hydrodynamics, 
magnetostatics, etc.


•  

∇2ϕ = 0



Boundary condition
• Dirichlet boundary condition: Specify φ at the 

boundary of the domain Ω.  

• Neumann boundary condition: The normal derivative 
of φ is specified at the boundary.  

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



Properties
• Uniqueness theorem: The solution of the Laplace 

equation is uniquely determined given the 
boundary condition. 


• In 3D, the average value of φ over a sphere is 
equal to its value at the center of the sphere.  

• In 2D, the average value of φ over a disk is equal 
to its value at the center of the disk.  





Direct Method

Banded matrix



Iterative Methods:

Jacobi Method





Gauss-Seidel method 



Red-Black Method



Successive Over-relaxation 

(SOR)

ω in [1,2] 



Timings
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Jacobi Method

ϕ



• We can apply other methods like Gauss-Seidel, 
Red-black, etc.



Thank you!


