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Product Suite — COMSOL® 5.2

COMSOL Multiphysics®

COMSOL Server™

ACIDC Heat Transfer CFD Chemical Reaction Optimization LiveLink™ LiveLink™
Module Module Maodule = Engineering Module Module for MATLAB* Jor Excel*
RF Structural Mixer Banteries & = Marerial CAD Import Design
Module Mechanics Madule Module Fuel Cells Module Library Module Module
Wave Optics HNonli S | Microfluids Electrodepasition Particle Tracing ECAD Import LiveLink™
Module Marerials Module Module Module Module Module Jor SOLIDWORKS”
Ray Optics Geomechanics Subsurface Flow Cormosion LiveLink™ LiveLink™
Module Module Module Module Jfor Inventor* forAmoCAD"
MEMS Fatigue Pipe Flow Electrochemistry LiveLink™ LiveLink™ for PTC*
Module Module Module Module Jor Rewit' Cred’ Parametric™
Plasma Multibody Molecular Flow LiveLink™ for PTC* LiveLink™
Module Dynamics Module Module Pro/ENGINEER" Jor Salid Edge”
Semiconducror Acoustics File Import.
Module Module for CATIA" VS
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Electromagnetics is Extended by Add-on Modules

-

] COMSOL Multiphysics*
1) Start Here ‘ ultiphysics
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AC/DC
Module

RF
Module

Wave Optics
Module
Ray Optics
Module

MEMS
Module

Plasma
Module

Semicanductor
Module

COMSOL Server™
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2) Add Modules based
upon your needs
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3) Additional Modules extend
the physics you can address
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5) Transform your models into applications
and run them with COMSOL Server

Particle Tracing
Module

4) Interface with your
CAD data and MATLAB

LiveLink™ LiveLink™
for MATLAB* Jor Excel®
CAD Import Design

Module Module

ECAD Import LiveLink™
Module Jor SOLIDWORKS”
LiveLink™ LiveLink™
Jor Inwentor® JorAutoCAD"
LiveLink™ LiveLink™ for pTC*
Jor Rewit' Cred’ Parametric™
LiveLink™ for pTC" LiveLink™
Pro/ENGINEER" for Sclid Edge”
File Import
Jor CATIA" Vs
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Frequency coverage

Static Low Frequency High Frequency

<}:{ RF Module rt>
AC/DC Module

Wave Optics Module

e Whatis “high frequency”?
e Linear/nonlinear/dispersive models?

W\ COMSOL



B

Formulations per Module

COMSOL Multiphysics! | RF Module Wave Optics Module AC/DC Module

Static Electric Currents Electromagnetic Waves Electromagnetic Waves Electric Currents in Solids
Static Joule Heating - Frequency Domain - Frequency Domain Electric Currents in Shells
Electrostatics - Time Explicit - Time Explicit Joule Heating
Magnetic Fields? - Transient - Transient Electrostatics
- Beam Envelopes Magnetic Fields
Microwave Heating Induction Heating
Transmission Line Laser Heating Magnetic and Electric
Equations Fields
Electrical Circuits Magnetic Field
Formulation

Rotating Machinery
Electrical Circuits

1 Core package contains a reduced set of boundary conditions for these formulations
22D and 2D-axisymmetric geometries and static and frequency domain formulations only
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Maxwell's Equations

oD
VxH=J +E e Maxwell-Ampere’s law
V<xE = _oB e Faraday’s law
ot
V-D=p e Gauss’ law, electric
V-B=0 e Gauss’ law, magnetic
O
V-J= _8_{[) e Equation of continuity
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FAQ

What is the definition of voltage?

What is the definition of “ground”?

On the use of analytical solutions

Initial conditions for time domain simulations
Open boundaries, PMLs, radiation conditions
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Voltage

In DC, electric and magnetic fields are one-way
coupled:

E=—VV — J=cE —> B (Ohm’s Law + Ampere’s Law)
— Voltage = potential difference

In AC, the alternating B field contributes to E.
Faraday’s Law: VXE =-d(B)/dt = E# -VV

In AC inductive/EM field modeling “voltage” is not
the same as “potential difference”!
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“Ground” in EM (inductive) models

Magnetic Insulation

or PEC

NXA=0< neB =0
or

“nxgE =0”

*Models highly conductive
media, with no losses.
eZero-impedance condition
— allows for return currents
/ induced surface currents
*Used to model “"ground
planes” and "anti
symmetry”
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Analytical solutions

Can give artifacts in models:
e Mesh convergent

— Analytical vs. numerical ports

— “Discrete divergence” of source currents
* [nconsistent

— Applicability of Biot-Savart formula

— Approximations
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Initial Conditions

e Computed static solution as IC

— Nonlinear/iterative solver

e Charge relaxation modeling

— Consistent initial charges required
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Open boundaries

e Radiation/infinity vs. symmetry boundaries
e Tailoring PMLs

— Meshing

— Scaling

— Advanced methods — Scaling System
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Technology in the works

e Nodal discontinous Galerkin (DG)

— Time Domain EM Waves

e [ntegral Equations / Boundary elements
— Statics and Waves
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Methods for EM problems
L

— A
Asymptotic methods A

FD time domain

DGEE time domain BE frequency domain

FE frequency domain
FE Implicit TD
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