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1. Vector Calculus:
vector functions, differentiation of vector functions, curves and surfaces, tangents and
normals, integration of vector functions, line integrals, surface integrals, gradient,
divergence and curl, Green's theorem, Gauss' theorem, Stokes' theorem, potential
theory

2. Fourier Analysis:
Fourier series, convergence of Fourier series, Fourier integrals, Fourier transforms,
properties of Fourier transform, complex Fourier transforms, Fourier spectra, power
spectra, discrete Fourier transform

3. Orthogonal Expansions: (if time permits)
special functions (Legendre, Bessel), orthogonal polynomials, Sturm-Liouville theory,
eigenfunction expansions

4. Linear Partial Differential Equations:
method of separation of variables, eigenvalue problems, eigen-solutions, heat equations,
wave equations, Laplace equations, non-homogeneous equations and boundary
conditions, Laplace and Fourier transforms for solving boundary-value problems

5. Complex Analysis:
complex variables and complex functions, analytic functions, differentiation and
integration of complex functions, multi-valued functions, branch point and branch cut,
Cauchy integral theorem, power series, Taylor and Laurent series representation of
functions, singularities, residue theorem, application on real integrals

‘Advanced Engineering Mathematics’, 6th ed.,
P. V. O’Neil, Thomson, 2007.
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e Vector differential calculus — (O’Neil)

1 vector functions, curves (length, tangent, normal, Sec.12.1~12.2
curvature and torsion), Frenet formulas, velocity &
acceleration of particle

e Vector differential calculus — (O’Neil)
vector field, streamlines, gradient of scalar field, Sec.12.3~12.5
2 directional derivative, physical interpretation of gradient,

divergence & curl of vector field, physical interpretation of
divergence & curl,

e Vector differential calculus — (O’Neil)
important vector identities Sec.12.5,
3 e Vector integral calculus — Sec.13.1,

line integrals of scalar & vector fields, conservative vector | Sec.13.3~13.4
field & potential theory, representations of surfaces, areas

e Vector integral calculus — (O’Neil)
4 surface integral of scalar field, surface integral of vector Sec.13.5
field
EDEYEAC S
e Vector integral calculus — (O’Neil)
5 Green’s theorem, extension of Green’s theorem, Sec.13.2,
divergence (Gauss) theorem, Green’s identities, Stokes Sec.13.6~13.8

theorem, Stokes theorem & potential theory




e Fourier series & Fourier Integrals —

(O’Neil)

6 Fourier series (concept & idea), Fourier coefficients, Sec.14.1~14.2
Fourier-series representation of functions
e %2 ] v ()
7 e 4/5,4/7T 82 K
e Fourier series & Fourier Integrals — (O’Neil)
piecewise continuous & piecewise smooth functions, Sec.14.3~14.6
] convergence properties of Fourier series, Fourier cosine &
sine series, differentiation & integration of Fourier series,
Parseval theorem, Fourier-series representation of periodic
functions, Fourier spectrum
e Fourier series & Fourier Integrals — (O’Neil)
complex Fourier series, Fourier integrals, convergence of | Sec.14.7,
Fourier integral, Fourier cosine & sine integrals, complex | Sec.15.1~15.3
9 Fourier integrals
e Fourier transforms —
idea of Fourier transform, Fourier transform & inverse
Fourier transform
e Fourier transforms — (O’Neil)
10 Fourier spectrum, properties of Fourier transform Sec.15.4
S EEOETCES
¢ Fourier transforms — (O’Neil)
convolution, applications of Fourier transform, windowed | Sec.15.4~15.5,
Fourier transform, filtering & Dirac delta function, part of Sec.15.7,
lowpass & bandpass filters, Fourier cosine & sine Sec.18.1
11 transforms, discrete Fourier transform, discrete Fourier
spectrum, power spectrum
e Partial differential equations (PDE) —
types of PDE (heat equation, wave equation, Laplace
equation)
e Partial differential equations (PDE) — (O’Neil)
12 methods of separation of variables, solutions to unsteady Sec.18.1~18.2
heat equation with different boundary conditions (exclude 18.2.4)
o %45 |4 (H R
e Partial differential equations (PDE) — (O’Neil)
unsteady heat conduction in infinite media, steady heat Sec.18.3 (exclude
13 equation (Laplace equation), Laplace equation in polar 18.3.3),
coordinates, Laplace equation for unbounded domain Sec.19.1~19.3,
Sec.19.8.1,
part of Sec.19.5.1
e Partial differential equations (PDE) — (O’Neil)
wave equation, wave equation for infinite string, unsteady | Sec.17.1~17.3
14 heat equation in cylindrical coordinates, equations in (exclude 17.2.5 &
multiple spatial coordinates 17.3.3),
e % 5= F () Sec.18.4,

Sec.17.7, Sec.18.5




e Partial differential equations (PDE) —

(O’Neil)

non-homogeneous equation & non-homogeneous Sec.17.2.5,
boundary conditions, method of Laplace transform, Sec.18.2.4,
method of Fourier transforms Sec.18.3.3,

15 | ® Complex analysis — part of Sec.19.5.1,
complex variables & complex functions, Cauchy-Riemann | Sec.17.3.3
conditions, analytic functions, power series

part of Sec.20.1,
part of Sec.20.2,
Sec.21.1~21.2
e Complex analysis — (O’Neil)
complex exponential & trigonometric functions, multi- Sec.21.3~21.5,
valued functions (complex logarithm & fractional powers), | Sec.22.3~22.4

16 branch point & branch cut, Taylor & Laurent series,
singularities (poles)

e Complex integrations —
Cauchy integral theorem, Cauchy integral formula

% 6K ] T (D)

e Complex integrations — (O’Neil)
power series representation of function, residue theorem, Sec.23.1~23.2,

17 application of residue theorem, evaluation of real integrals | Sec.24.1~Sec.24.3
using complex integration techniques
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e-mail: tywu@ntu.edu.tw
Office hours: Wed. 12:00~2:00 pm
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