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The Topics in Scientific Computing is a course for senior undergraduate from
School of Mathematical Sciences and Zhiyuan College. Students should learn
computational methods and numerical linear algebra before taking this course.

The course covers numerical methods for hyperbolic, parabolic and elliptic
partial differential equations. It discusses numerical methods for time-dependent
problems, stability and convergence analysis, truncation error analysis; it also
describes numerical methods and well-posedness for problems with variable
coefficients and nonlinearity; for elliptic equations, the course discusses physical
significance of interface and boundary conditions, finite difference and finite element
methods, boundary integral methods and fast algorithms such as methods for




singular integrals, methods of image charges, and Ewald summations .

The course is taught in class. Students should finish projects after classes by
writing computer programs and experimental reports. By the course, students
further learn numerical analysis of partial differential equations of different types,

and receive training in computer programming.

RFEH 22 KA (course syllabus)

*2% 3] H ¥r(Learning 1. ARG 75 R T B AEUE 43 B 77 7
SO ST ENURE I SR

Outcomes)

AR | BRI | AR RE | BARER | BETS
R N

Time-dependent
equations: Fourier
series, first-order wave

equations, R
convergence and 8 G KAEM 1 | Wk, ST
stability, truncation SERRAEN

error, heat equation,
explicit and implicit
methods

sea e, g azHE | Well-posed problems:
Well-posedness, scalar

2R differential equations, LI
(Class Schedule systems of differential 6 s KAEM 1 | i, o7
_ equations, problems of S AE
&Requirements) variable coefficients,
nonlinear problems
Stability and

convergence: Stability

and convergence for

problems of constant NE T
coefficients, energy 6 e FAEN 2 | Wk, JhoT
method for variable SZRRAEY

coefficients, splitting
methods, nonlinear

problems




Elliptic equations:
Interface and boundary

conditions,

electrostatics, finite NI
difference, finite ey KAEM 3 | Yk, oL
element, sparse matrix, FE AR,
boundary element,

singular integrals

Fast algorithms:

Method of image R
charges, Ewald sums, s e 3 |, ger
particle-Mesh Ewald, 22

fast multipole

*H %7 ‘ -
i PR AL 709%+ 3 2231 30%
(Grading)
B. Gustafsson, H.O. Kreiss and J. Oliger, Time Dependent Problems and Difference
Methods, Wiley, 1995.
K.W. Morton & D.F. Mayers, Numerical Solution of Partial Differential Equations,
. - Cambridge 2005.
MR VR £
(Textbooks & Other The Numerical Solution of Integral Equations of the Second Kind, Cambridge 1997.
Materials) L ) ) )
Wei Cai, Computational Methods for Electromagnetic Phenomena, Cambridge, 2013
J. D. Jackson, Classical Electrodynamics, Wiley/Higher Education Press, 2001
Allen and Tildesley, Computer Simulation of Liquids, Oxford, 1987
e
(More)
w1
(Notes)
U -

1. A LR,

2. RFEMIA TN 300-500 7 IRFE R LR

RiE A

PPN E, THAR.




