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EM Modelling

1st - preliminary result : BPM
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Next step: vectorial and 3D
[Maxwell Equations]

Gaussian beam Axicon lens Nondiffractive beams
Near field Far field Bessel

Polarization
at the focus?

Spatial energy distribution



EM Modelling Tuning material properties by light
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➢ Example of light propagation and surface interaction



EM Modelling Tuning material properties by light

Pulsed laser beam Interaction

Control the energy 
distribution Light coupling

Surface/volume
functionalization

Material modifications

Polarization effects

Interference effects

Scattering phenomena

…

Nonlinear 3D propagation by solving Maxwell 
equations (FDTD approach) 



EM Modelling Numerical methods
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Finite differences

 

df
dx

» f (x+Dx)- f (x-Dx)
Dx

+O(Dx2)

Discrete 
unknown

values

On a regular 
grid

Finite elements

Unknown values 
approximated by polynomial 
functions in irregular 
elements

Spectral methods

+

+

+ …..

Decomposition on a 
complete base
(as Fourier series)

Boundary element methods

Solving the  partial differential 
equations formulated as 
integral equations 
(i.e. in boundary integral form)

Green functions



EM Modelling Solving equations on a grid
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Simple

Deformable

or just complex…

The grid can be considered…



EM Modelling
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E field

H field

Electromagnetic case



EM Modelling
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Engraved in stone…

Maxwell equations



Introduction to FDTD Flow of Maxwell’s equations
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Introduction to FDTD
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Linear, isotropic and non-dispersive



Introduction to FDTD Time-difference approximation
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Introduction to FDTD Stable Finite-Difference equations
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Introduction to FDTD Approximating the time derivative
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Introduction to FDTD
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Approximating the time derivative



Introduction to FDTD
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Approximating the time derivative



Introduction to FDTD Derivation of the update equations
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Introduction to FDTD Anatomy of the FDTD update eq.
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Introduction to FDTD The FDTD algorithm
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Yee grid scheme Functions on a grid
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Yee grid scheme Grid unit cell
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Yee grid scheme 3D Grids
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Yee grid scheme Collocated grid
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Yee grid scheme Yee grid
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Yee grid scheme Reasons to use the Yee grid scheme
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Yee grid scheme Yee cell for 1D, 2D, and 3D grids
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Yee grid scheme Consequences of the Yee grid
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Yee grid scheme Visualizing Extended Yee grids
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FD approximations
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Material impedance



FD approximations Normalize the magnetic field
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FD approximations Curl equations with H
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FD approximations Expand the curl equations
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FD approximations Assume only diagonal tensors

32



FD approximations Final analytical equations
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FD approximations Finite Difference equation for Hx
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FD approximations Finite Difference equation for Hy
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FD approximations
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Finite Difference equation for Hz



FD approximations
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Finite Difference equation for Ex



FD approximations
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Finite Difference equation for Ey



FD approximations
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Finite Difference equation for Ez



FD approximations Summary of Finite Difference eq.
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1D FDTD Reduction to 1D FDTD
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We have seen that



1D FDTD x and y derivatives are zero
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1D FDTD Decoupling into 2 independent modes
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1D FDTD 2 remaining modes are the same
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1D FDTD No longer need i and j array indices
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1D FDTD Update equation for Ex
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1D FDTD Update equation for Ey
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1D FDTD Update equation for Hx
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1D FDTD
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Update equation for Hy



Ey/Hx mode Implementation of the update eq.
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Ey/Hx mode The basic 1D-FDTD algorithm

51



Ey/Hx mode Writing with matlab
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Ey/Hx mode Loops with matlab
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In practise
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Designing the mesh



In practise
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Designing the mesh



In practise
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Designing the mesh



In practise
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Define the time-step



In practise
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Define the time-step



In practise
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Boundary conditions



In practise
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Boundary conditions



In practise
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The Gaussian pulse

τ is the half width at 1/e



In practise

62

The Gaussian pulse



In practise
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Incorporate the source


