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Mathematical models for equilibrium — from linear algebra to calculus
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The course is arranged in two parts. In the first part, 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



2D-fluid flow). In addition, modeling the simple harmonic motion with a view of minimum potential
energy is also addressed. For the second part of the course, we are majorly concerned with the solution
methods. For discrete linear systems, linear algebra, especially a matrix with its transpose is discussed.
For a continuous linear systems, calculus should be applied to solve the system. Connection between
linear algebra and calculus will be seen through the same algebraic structure. We focus on solving the
Laplace equation (a continuous equilibrium equation) with a circle boundary condition via Fourier
series, which will be put into the framework of an infinite dimensional vector space with a complete

orthogonal system. The last day of the course will be designated to the method of recursive least square,
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network); or into a (partial) differential equations (in continuous systems, such as an elastic bar or a
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which can be shown to be an important application of modeling the equilibrium of a system.
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Equilibrium states for a line of springs. Diagram for the rank theorem
8/22(-) 9:00 - 12:00 in linear algebra. The Stiffness matrix.
13:00 — 15:30 | Recitation and quiz.
Simple Harmonic Motion for a line of springs. Eigenvalue
8/23(=) 9:00 —12:00 | decomposition and solutions to ODE. Equilibrium states for a
continuous bar. The minimum potential energy.
13:00 — 15:30 | Recitation and quiz.
From mechanic to electrical network. Continuous flow on the plane.
Connection to linear algebra and calculus: why a negative differential
8/24(=) 9:00 - 12:00 operator with a suitable boundary condition can be seen as the
transpose of a matrix.
13:00 — 15:30 | Recitation and quiz.
Solution to Laplace equation. Fourier series. An infinite dimension
9:00 — 12:00 | vector spaces and linear integral operators on it. This is another
8/25(z)
connection between linear algebra and calculus.
13:00 — 15:30 | Recitation and quiz.
Recursive least square methods also share the same equilibrium
8/26(7 ) 9:00 —12:00 structure.
13:00 — 15:30 | Recitation and quiz.
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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.




B 2 Pk
MEBFESE—SBHEMHIICRE

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.
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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)



