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Outline of Lecture 1

a organization of the course

b wellposedness: Hadamard, 1902

f classification & method of characteristics, *canonical form

c time-dependent PDEs and application areas

d Fourier series method

e Fourier transform method

g outlook to lecture 2
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Organization of the course

h webpage

i ”location” and ”hours”

j communication

p final exam (70%) ↔ exercises in lectures (check the webpage!)

L assignments (5% C1A, 10% C1B, 15% C2)

m programming: Matlab, Python
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Well-posed vs ill-posed [1]

The problem of reconstructing the image of an object and its
surroundings is ill-posed (i.e., there is no uniqueness or stability of
solutions), our brain is capable of solving it rather quickly.
This is due to the brain’s ability to use its extensive previous
experience (a priori information).
A quick glance at a person is enough to determine if he or she is a
child or a senior, but it is usually not enough to determine the
person’s age with an error of at most five years.
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Well-posed vs ill-posed [2]

What are inverse and ill-posed problems?
While there is no universal formal definition for inverse problems,
an “ill-posed problem” is a problem that either has no solutions in
the desired class, or has many (two or more) solutions, or the
solution procedure is unstable (i.e., arbitrarily small errors in the
measurement data may lead to indefinitely large errors in the
solutions).
Most difficulties in solving ill-posed problems are caused by the
solution instability. Therefore, the term “ill-posed problems” is
often used for unstable problems.
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Well-posed vs ill-posed [3]
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Well-posed vs ill-posed [4]
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Well-posed vs ill-posed [5]
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Well-posed vs ill-posed [6]
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Well-posed vs ill-posed [7]
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FDs versus FEs
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Notation and definitions
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Boundary conditions
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Basic (linear) examples [1]
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Basic (linear) examples [2]
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Basic (linear) examples [3]
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Basic (linear) examples [4]

Paul Andries Zegeling Department of Mathematics, Utrecht University

Lecture 1



outline well-posedness classification MoCh Canon examples & applications Fseries Ftrafo outlook

Some nonlinear examples [1]
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Some nonlinear examples [2]
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Some nonlinear examples [3]
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Classification [1]
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Classification [2]
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Classification [3]
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Method of characteristics [1]
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Method of characteristics [2]
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Method of characteristics [3]
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Method of characteristics [4]
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*Canonical form [1]
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*Canonical form [2]
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*Canonical form [3]
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PDE examples [1]: Fourier and linear PDEs 1

1® Nick Trefethen, Oxford University
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PDE examples [2]: forward heat equation
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PDE examples [3]: backward heat equation
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PDE examples [4]: wave equation
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PDE examples [5]: wave equation in 1d
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PDE examples [6]: beam equation
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PDE examples [7]: Schrödinger equation
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PDE examples [8]: Gray-Scott model
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PDE examples [9]: Korteweg-de Vries equation
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PDE examples [10]: sine-Gordon model
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PDE examples [11]: compacton equations
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PDE examples [12]: Boussinesq equation
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PDE examples [13]: blow-up with up nonlinearity
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PDE examples [14]: blow-up with eu nonlinearity
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PDE examples [15]: advection-diffusion
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PDE examples [16]: porous media
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PDE examples [17]: Fisher equation
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PDE examples [18]: Allen-Cahn equation
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PDE examples [19]: Cahn-Hilliard equation
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PDE examples [20]: Perona-Malik model
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PDE examples [21]: Kuramoto-Sivashinsky model
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PDE examples [22]: Burgers’ equation
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PDE examples [23]: Ginzburg-Landau equations
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PDE examples [24]: Klein-Gordon model
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PDEs in two space dimensions [1]
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PDEs in two space dimensions [2]
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PDEs in two space dimensions [3]
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PDEs in two space dimensions [4]
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PDEs in two space dimensions [5]

Paul Andries Zegeling Department of Mathematics, Utrecht University

Lecture 1



outline well-posedness classification MoCh Canon examples & applications Fseries Ftrafo outlook

PDEs in two space dimensions [6]
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Application areas

G weather prediction & climate models
H chemical reactions
J ecology, biology, ...
K traffic flow
L financial models
M geology, hydrology, ...
N languages, archaeology
O fluid flow, MHD
P water flows, rivers, oceans, ...
Q image processing, visualization
R ETCETERA...!!!
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Fourier series method [1]
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Fourier series method [2]
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Fourier series method [3]
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Fourier transform method [1]
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Fourier transform method [2]
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Fourier transform method [3]
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Outlook to Lecture 2

A exercises for Lecture 1 (see webpage!)

B finite difference approximations of derivatives

C method of undetermined coefficients

Q finite difference matrices and their eigenvalues

D treatment of boundary conditions

E non-uniform grids & transformations

F boundary-value models (stationary)
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