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Motivation: 
Laser beam propagation in maritime environment

 Could we design laser beams that give us the 
advantage in constructing communication links 
in complex media?

 Consider transmitter (beam generation) , 
propagation environment and receiver 
(light intensity recoding and decoding of 
the transmitted message) 

 Experiments with structured laser light 
conducted at the Naval Academy

 Field and lab measurements 

 Spatially partially coherent light 

 Light carrying orbital angular momentum

 OBJECTIVE Simulating structured light 
propagating through the media where the 
refractive index changes in space and time



COMSOL Simulations: Paraxial Wave Equation
Bi-harmonic PDE
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Note: At this conference we present a poster and 
submit a paper on solving non-dimensional in 
cylindrical cavity using COMSOL and Garlekin method. 

PWE normalized the radial distances (𝑥, 𝑦) and 
the propagation distance 𝑧, using beam radius 
at the source, 𝑤0, beam curvature, 𝐹0.

𝑢 ҧ𝑥, ത𝑦, ҧ𝑧 = 𝑝 ҧ𝑥, ത𝑦, ҧ𝑧 + 𝑖𝑞 ҧ𝑥, ത𝑦, ҧ𝑧 .

Separation of real and imaginary part of the field 𝑢.

Gives us bi-harmonic PDE equations
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Find the beam propagation along the z axis, assume that ҧ𝑧 = 𝑡

Set  the auxiliary variables 𝑚𝑟𝑒𝑎𝑙= 𝑝 𝑛𝑟𝑒𝑎𝑙 = 𝛻𝛻𝑚𝑟𝑒𝑎𝑙
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COMSOL simulation : Boundary and Initial conditions

We chose Dirichlet boundary conditions for 
our COMSOL model.

A solution for the complex field 𝑢 ҧ𝑥, ത𝑦, ҧ𝑧 in 

the unbounded space using non-dimensional 

formulation is given:
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Initial conditions



COMSOL 
Simulation

Mash (radius 10 m)
• Large enough so that the boundary 

conditions do not interfere wuth the 
beam propagation on axis

• using concentric circles to focus on 
the area of the beam intensity 
concentration

Initial conditions required by COMSOL

Note 𝒏𝒓,𝒏𝒊, 
𝝏𝒏𝒓

𝝏𝒛
ഥ𝒙, ഥ𝒚, 𝟎 𝒂𝒏𝒅

𝝏𝒏𝒊

𝝏𝒛
ഥ𝒙, ഥ𝒚, 𝟎 are not necessary to solve the bi-harmonic 

equation, so we set them to zero. We run another COMSOL simulation in which we 
provided exact formulas for these IC.
Both COMSOL simulations produced identical results for the beam intensity on axis.



Results
𝒏𝒓𝒆𝒂𝒍

𝒏𝒊𝒎𝒂𝒈𝒊𝒏𝒂𝒓𝒚𝒎𝒓𝒆𝒂𝒍

𝒎𝒊𝒎𝒂𝒈𝒊𝒏𝒂𝒓𝒚

𝑩𝒆𝒂𝒎 𝑰𝒏𝒕𝒆𝒏𝒔𝒊𝒕𝒚
COMSOL simulation solutions (red) were compared 
with the solutions in the unbound space (black) for 
the on axis beam propagation.

 Clear discrepancies we observed in peak 
amplitude and location  at the beam waist 
(𝑧 = 1 𝑒𝑞𝑢𝑎𝑣𝑎𝑙𝑒𝑛𝑡 𝑡𝑜 𝑧 = 500 𝑚 = 𝐹0)

 Pronounced oscillations of derivatives  at longer 
propagation distances.



Next steps

Verify the discrepancies between the exact solution in unbound space and COMSOL 
solution in cylindrical cavity.

Evaluate convergence of COMSOL solution. 

If we consider propagation of structured light through complex environment we need 
to systematically study COMSOL solutions off axis, since the light intensity pattern 
across the beam carries the information.

Complex medium introduced refractive index fluctuations in space and time and that 
needs to be taken in consideration. 

𝛾2( function of space and time) 


