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Mathematical structure in physical equilibrium equations and their solutions

AR

G ).

LIRS & 3

BAzapnl | gt | Ee | Bkl | kP HR L REER 1 B

T s | 2018/08/13(- )-2018/08/17( ) 3R
= 9:00-12:30

”} p%ﬁii\‘ % '# Eb

#HE 70% ~ £ FH®mIPI% 30 %
gﬂli% 7V
FIY3 40% ~ #F k454 200 ~ VR 5 20% ~ H # @ F R R4 20%
A uip
AP~ cm ~THI 000950 A FBRFEP- A IHRF LRI ALLTRAR
REB  FEFFY AR - FEIFNIREANEN IR - FIIRIRERLIFRN > g
EHHPLI FERALIECE A FEFPARL f BRI - F 1 416 0% == 40% o
PARFELIRIZERGA 1000 F < FHFL P 3FEF 7 THAERY ) ~ "TRERFHPRZ N
FEEw ) -z THEYE 200> WHASAEREEY - 82> IR I[N F FH 4o
YR
#
PAL LA

In this modular course, we introduce three types of problems in applied mathematics and
physics. Each one is fundamental in its own field - mechanics, electrical networks, and fluids. What
makes it possible to study three different applications all together is that, mathematically, they fit
into a single framework which describes an equilibrium state of a system. We first study how to
model the equilibrium of states into a system of linear equations (in discrete systems, such as a line of
springs or an electrical network); or into a (partial) differential equations (in continuous systems,
such as an elastic bar or a 2D-fluid flow). In solution methods, we focus on solving the Laplace
equation (a continuous equilibrium equation) with a circle boundary condition via Fourier series.
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Equilibrium states for a line of springs. Diagram for the rank theorem in linear

! 35 algebra. The Stiffness matrix.

2 35 Equilibrium states for a continuous bar. The minimum potential energy.
3 35 From mechanic to electrical network. Continuous flow on the plane.

4 35 Solution to Laplace equation. Fourier series.

5 35 Fourier Series (Cont’d).
B il
1. Learning how to model a physical equilibrium states into a system of linear equations or a Laplace
equation.
2. Learning related linear algebra knowledge, including a matrix and its transpose; rank theorem;
concept of null spaces; dual linear functional spaces.
3. Learning fundamental knowledge on Fourier analysis, including complex analysis, complete
orthogonal systems, convergence issues.
4. Being able to piece together mathematical contents behind different applications. The unifying
view will enable the students to face new applications in the future.
FALNE BN B T S
This course bridges between calculus and linear algebra; between mathematics and physics; and
between mathematics and applied mathematics. It focuses on equilibrium equations for physical
phenomena, from mechanics to electrical networks; and from discrete to continuous. Solution
methods for solving the Laplace equation on the unit disc delivers a concise and complete
introduction to the theory of Fourier series.
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Introduction to Applied Mathematics, by Gilbert Strange (MIT)




