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Task Description
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How to calculate an electromagnetic field progation though graded-index media?



Theory: Maxwell‘s Equations
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Theory: Fourier Transform
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Theory: K-Domain Fomulation 
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Theory: K-Domain Fomulation 
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Theory: ODE in K-Domain 
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Theory: Solve the ODE
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Theory: Convolution Operator
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N is number of 
sampling points 



Theory: Convolution Theorem
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Theory: Convolution Operator
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Theory: Convolution Operator
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Theory: Convolution Operator
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Theory: Solve the ODE
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ODE solver (initial value problem)
• Euler method
• Taylor series methods
• Runge-Kutta methods
• ...
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Theory: Solve the ODE
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ODE solver (initial value problem)
• Euler method
• Taylor series methods
• Runge-Kutta methods
• ...



Theory: Solve the ODE
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ODE solver (initial value problem)
• Euler method
• Taylor series methods
• Runge-Kutta methods
• ...



Example: Multimode Fiber
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160 µm 150 µm

Input Gaussian
- waist radius 5 µm

- Ey-polarized
- wavelength 532 nm

calculate the result fields by Fourier modal method and Runge-Kutta based k-
domain algorithm.



Result: Amplitude [V/m] of Output Field
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Deviation 
~1%

150 µm

Implemented by using 
Programmable Component in 
VLF

~𝑁𝑁 × 𝑁𝑁𝑧𝑧 ~𝑁𝑁3



Two-Dimentional Case



Theory: ODE for 𝒚𝒚 −Invariant Condition
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Y-Invariant GRIN Media: Luneburg Cylinder Lens
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40 µm

Input plane Output plane

Input plane wave
- beam size 38 µm

- 𝐸𝐸𝑥𝑥-polarized
- wavelength 532 nm

GRIN media:
-

𝑥𝑥

𝑧𝑧

Task: By using FMM (rigorous) and the RK k-domain algorithm
- calculate field propagation in GRIN media 𝑥𝑥𝑥𝑥 −plane
- calculate field in the output plane



Result: Amplitude of 𝑬𝑬𝒙𝒙 −Field 
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Output plane

𝑥𝑥

𝑧𝑧

FMM

𝑥𝑥

𝑥𝑥

Amplitude [V/m]

RK k-domain algorithm
Amplitude [V/m]

NA at focus position > 0.7



3D Case: Luneburg Lens

LightTrans International28

40 µm

Input plane Output plane

Input plane wave
- beam size 38 µm

- 𝐸𝐸𝑥𝑥-polarized
- wavelength 532 nm

GRIN media:
-

𝑥𝑥

𝑧𝑧

Task: By using FMM (rigorous) and the RK k-domain algorithm
- calculate field in the output plane



Result: Amplitude and Energy Density of Electric Fields 
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Output plane

𝑥𝑥

𝑧𝑧

energy density



Conclusion

• Develop a fast k-domain algorithm to calculate field propagation through 
graded-index media
− Maxwell‘s equations to derive ODE

− Solving this ODE by Runge-Kutta method (4th order) slice by slice along 𝑧𝑧 −axis
− By using convolution theorem, convolution in k-domain is realized by multiplication in 

spatial domain. So numerical effort of this algorithm ~𝑁𝑁 × 𝑁𝑁𝑧𝑧, with 𝑁𝑁 is sampling points of 
field and 𝑁𝑁𝑧𝑧 denoting slice number

• Compared to FMM the RK k-domain algorithm shows advantage when 𝑁𝑁
becomes large, which is general in three dimentional cases; it has no limit in 
�𝑛𝑛(𝑥𝑥,𝑦𝑦, 𝑧𝑧) and NA of field. 
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Outlook: Further Tricks of Solver
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Related Talks and Poster Presentations

• Talk: Optimization of coupling gratings for lightguide-based displays
Time: Monday, 1 April 2019 | 16:00 – 17:00

• Poster: Modeling of Diffractive/Meta-Lenses using Fast Physical Optics
Time: Monday, 1 April 2019 | 10:55 – 11:25

• Poster: Vectorial physical-optics modeling of the interaction of a tightly 
focused beam with a nanoparticle
Time: Monday, 1 April 2019 | 10:55 – 11:25
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Thank you!



Discussion about Numerical Effort
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𝑥𝑥

𝑧𝑧Advantage of fast calculation when N 
becomes large, typically in 3D



Theory: Convolution Operator
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