WEAR: BHEFEEREHHE

HFEHPESER:

ASURAE VI (3] N S W ER 2 AR T e AR s iR RAE 20 N
=y W E N HEN DAY B R AL, kAR Z R B B AN
B ENORAR, W e @ L 7 fe (N A B rd i) o 28 AR 0B 17X IR
JIRE LT B AN (WHME R IR YUK R TR0 AF . S tbar T FEEH5E) , 1
TS B SN RS SR ATV T FURRCR,, AR R R IR . M
AL BRI, RZ B A BB R AR VR AN B R R 2 06 o 56 =380 UF
fife e A Pt BOBUE S B FIRIEA . DL ol Ak ka3 (n AT T 55 i
) o B, EIEARRER S A AR I AR B . A SR AR R
ECA R RE ST, 9 BLJE WLV BRI TEAIAZ 2RI T AT T U SE R JE At

BB RE:

WERH:
B

—& YHESEND
HBE BN T
5 KESKED
FVE Yy R AL

& B
= |l
%ﬁ%ﬂﬁ
<

5\%[;
B

ZRITREATHE: YHMERIE . GURREED AR SHART R
CER A S AR

R E . ShEMN ik E

H\E AT I8 L

FILE R

=

HE ARITA

&
Y



BhT RN
Eo
S+ =% MATLAB 55 COMSOL 5

FAVUE T AR EAR FIT) SHEHRIGHE Minetic FEM) %
B LE AT ML MZg S PINN (AT S HESA) 45

2 57%W

Fik B BETS, KIFlER

2%45H:

BRIEE, BIEUR, BEYIELA, BIMSA

shaojiajia@bimsa.cn



mailto:shaojiajia@bimsa.cn

Course Title: Electromagnetic Theory and Computation

Teaching Objectives and Requirements:

This advanced course provides senior undergraduate students in applied mathematics,
physics, and related engineering disciplines with a rigorous foundation in
electromagnetic theory and computational modeling. The curriculum is structured
around three core modules:

Part I: Dimensional Analysis & Mathematical Modeling:

Establishes the principles of scaling, dimensional analysis, and the formal mathematical
formulation of physical laws.

Part II: Advanced & Frontier Electromagnetism:

Re-examines Maxwell’s equations—incorporating initial value formulations, nanoscale
boundary conditions, and magnetic charges—while introducing cutting-edge topics
such as relativistic electrodynamics and topological electromagnetism.

Part III: Computational Methods & Al Frontiers:

Covers core numerical algorithms (FEM, FDM, MoM), simulation tools (MATLAB,
COMSOL), and modern paradigms including Mimetic FEM, Finite Integration
Technique (FIT), and Physics-Informed Neural Networks (PINN).

Ultimately, students will be equipped to translate fundamental physical laws into
rigorous mathematical models, implement state-of-the-art computational algorithms,

and address complex interdisciplinary research challenges.

Prerequisites:

Course Syllabus:

PartI:

Chapter 1: Physical Quantities and Dimensional Analysis
Chapter 2: Applications of Dimensional Analysis in Physics
Chapter 3: Vector and Tensor Analysis

Chapter 4: Formulation of Physical Equations



Part I1:

Chapter 5: Discussion on Maxwell's Equations: Initial Value Formulations, Nanoscale
Boundary Conditions, and Equations with Magnetic Charges

Chapter 6: Wave Equations of Electromagnetic Fields

Chapter 7: Energy, Momentum, and Stress Tensor of Electromagnetic Fields

Chapter 8: Relativistic Electromagnetism

Chapter 9: Topological Electromagnetism

Part I1I:

Chapter 10: Finite Element Method

Chapter 11: Finite Difference Method

Chapter 12: Method of Moments

Chapter 13: Computation with MATLAB and COMSOL

Chapter 14: Frontiers: Finite Integration Technique (FIT), Mimetic Finite Element
Method (Mimetic FEM), etc.

Chapter 15: Frontiers: Neural Networks, Physics-Informed Neural Networks (PINN),
etc.

Review and Examination

Please note that:

This course consists of 15 chapters and at least 48 teaching hours.

Jiajia Shao, Associate Professor, Mathematical Physics, BIMSA

shaojiajia@bimsa.cn



