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MAXWELL'S EQUATIONS

Time Harmonic Maxwell’'s Equations:

VX E=—juwvH
V x H = jweE + oE + J/P

Reduced Wave Equation:

1 .
V x (—V X E) — (W% — jwo)E = —jwJ™
v

Electrostatics and Magnetostatics —> Easier eq. to solve
Axisymmetric problems —> Dimension reduction
Harmonic problems in spatial variable z —> Dimension reduction
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VARIATIONAL FORMULATION

Derivation of the Variational Formulation

First, we multiply the reduced wave equation by the complex conjugate of test function
F. Then, we integrate over computational domain €). Finally, integration by parts yields
to the following formula:

/Q{%(V x E)(V x F)}dx—i—/

nx (V xE)F,dS = —jw/ J Fdx
[)9]

Q

Observations:

e The theory of Sobolev Spaces can be substituted by the statement
“everything makes sense”, and viceversa.

e Special features of a problem may and should be incorporated into
the variational formulation.
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THE hp-FINITE ELEMENT METHOD

Different refinement strategies for finite elements:

4

Given initial grid

h-refined grid p-refined grid hp-refined grid
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THE hp-FINITE ELEMENT METHOD

Exponential convergence rates
for a number of regular and SINGULAR problems

for optimal hp-grids
in the asymptotic range (theoretical and numerical results), and
in the pre-asymptotic range (numerical results).

Smaller dispersion (pollution) error

as p increases.

More geometrical details captured

as h decreases.
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A FULLY AUTOMATIC hp-ADAPTIVE STRATEGY

% global hp-refinement %

% global hp-refinement — %
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A FULLY AUTOMATIC hp-ADAPTIVE STRATEGY

Automatic hp-adaptivity delivers exponential convergence
and enables solution of challenging EM problems

¢

Coarse Grid
hp—grid

Fine Grid
h/2,p+1-qrid

|

Next optimal coarse grid

i

NEED FOR A TWO GR' D SOLVER Minimization of the

projection based
interpolation error
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PRELIMINARY NUMERICAL RESULTS

Edge diffraction example: final hp-grid, Zoom =1

2Dhp90: A Fully automatic hp-adaptive Finite Element cod
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PRELIMINARY NUMERICAL RESULTS

Battery example: final hp-grid, Zoom = 10

2Dhp90: A Fully automatic hp-adaptive Finite Element code
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CONCLUSION

The fully automatic hp-adaptive strategy produces a grid
which resolves singularities.
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FUTURE WORK

Implement a goal-oriented hp-adaptive strategy.

Implement a robust Ap-two grid solver.




