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Learning Numerical Methods

for PDEs from the Web
http://pde.fusion.kth.se

A. JAUN?!, J. HEDIN?!, T. JOHNSON!, M. CHRISTIE?,
L.-E. JONSSON?, M. PERSSONS3, L. VILLARD*

LAlfvén Laboratory, Royal Institute Technology, Stockholm, Sweden

2Pedagogy and Didactics, Chalmers & University, Goteborg, Sweden

3Electromagnetics, Chalmers Institute Technology, Gdteborg, Sweden
4CRPP, Ecole Polytechnique Fédérale,Lausanne, Switzerland

Email: jaun@fusion.kth.se Conference Mobile: +4670 7971879

Course shared between universities (1997-)
e 3 weeks introduction applied math & engineering
e 16 under-/graduates from Stockholm & Goteborg
e problem based learning with numerical experiments
e changed teaching — learning centered approach

Students from abroad via the Web (2000-)
e life-long learning for individuals and professionals
e flexible working scheme (anytime, anywhere)

Join this summer’s course (Aug-Sep, 2001)
e invited lecturers video-conferenced abroad
e ETH Lausanne, MIT Cambridge, your university?
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Teaching: a Learning Centered Approach

Passive: course notes & RealVideo recordings
e re-play, pause and skip the lessons on the Web
e conventional reading, watching & listening

Active: experiments test your understanding
e edit the parameters in a Java-powered document
e exploit animation and interactivity
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The ergodicity theorem is finally used to identify the statistical average <X with the mean value of a continuous variable X ,leading [
to the well known identity
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The theory of stochastic processes behind the Monte— Carlo Method iz ra
HOME From the calculaton above, it is hovwever possible to conclude now alreac
OVERVIEW particles following a random walk can be described implemented in JEQA
comrses 2'!"1 for{int j = 0; j < rumber0fParticles; j++){
dist -learning particlePosition[]j] += random. nextGaussian() *
REGISTRATION Math. sqrt(2 + diffusCo * timeStep);
conditi ¥
COURSE: notes and describes in fact a diffusion. Execute the applet below to compute the
prind (ps, pdf) Wonte-Carlo  — | Forward Euler — | Gaussian | AL
jhone (var, list) L
video lecture Step=30 Time=15.000 Min=000 Max=508 Mom[%]=—-000
USER: login [T 149.9 Kbps fe =] ® 51:543/52:37.9
profile™ LALL L LS LT =w.
assignements™ Dispersion =0.0
dowrloads Run time = 2560
FORUM: yules Timelmplicit = 0.7
wurrld: Tune integr = 0.333
clasalmmsrnom’ errp]l.n:_ude =1.0
FPositicn = 22.0
LoGouT Width =30
*Requires login Wavelength = 41.0
Mesh points = 6d
Mesh left =0.0 =
Mesh length = 64.0 i
Start'Stop | Step 1 || Step 10 | Toggle Display | Initialize |
Now increse the nurnber of particles to /000 and press snidinfise to distribute the positions with a narrow Gaussian density, Repeat the
sarne randorm walk evolution of independent particles and check what happens!
BB % ¥ previous: L6 Furtherreading Up: 1INTRODUCTION Next: FINITE DIFFERENCES i
s | i s 9P @ |

Topics include for example:
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Assignments, Corrections and Support

Work out and submit exercises electronically:
e equations (TEX) & programs (Java) automatically
compiled and displayed in a regular Web browser
e technology acquired in less than 2h with templates
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Takie e secord moement of B difesion squution ofel e grans by porne oo calouleie the weersge [ (Z1]00) Tonchkele by reiaing ach
pites usA the svpadiy fhacrem)

I':lllhll T tempd siw ledawr and s bein with yaor o ;. - e . r E
Fis Eid Viw G0 Comewssaind Hee |
l'.-rd B el mita w lqlh'..ﬂl 5I: t-r-
peped Bhi g% rendomly distyabats
'J1l watiom wacriabla w l|::| 5 i I:IS H.u L

Fu o

The :l.u.l pEatEen § :! Yol (4= W i
insklal poszkyan Sopos e (eedl] "R '-uu_l.
1.4 Random walk
|_lﬂll'-|'ll| Carsider 3 walk with a lege mambser # ol riztirtically ndepsmdern: megs [ rerdamly airribued, m et the satstc sverage of f1e

ra o bl Wes < [ = = [ The el peabanz=E; . M4, in ererge ooinclges wif the ebel pastton < z= = I, (M a > =0, The
Peicakly the Javy cosle befoen 12 MBS PIET 0T BCRLED roat e § quire JAM B | displar et bamever, I3 Ondie

Fezive 7 = I 1 remeasilEFmrtaclas)
paitiolePosiciom|]] == weldiry *
an &

rarclas. recsk G eies M ;M 0] - - i
.--:E:\.I-I sgEtiE + diffesia * tisedts - P E\-:I | EF &Glse E cflm ¥ chrmMaiin. _\ﬂ:
§ - =l =1 =l L=] L;

whese vdefines (ke average Sme tlped befween conmeszive glepa, M= e b the umber of siepe taken doring o e iereal ol

Ii ﬂnlmlﬂ!.'-hTIII:Lm-:llu.I:lL'Iltr:l:p#h

Merw, repeat the calcudabios wilh the srcond moment of e diffesion equation and defee the total dezeiye B
PA cadifyr e Targ poremasters beldewr o e pap peor sche

ApEras nakssTels il S

Cpar kil ARl s ion wal il

CpETEN NERS=TI8e0 Eap Ll £ = = | T ailzk) e
CpaE R Rl el Nt vl N =

(PECAN NERGF BT

El Hul--J : ) de

Th fret Seere jeedde

J-l- i ndk=g | I-::'.'\':n:l:l:-f\-lili:

i (e #2eohd aliey e alegeation by part greci

B i b e R R

Forum discussions and correction by humans:
e quick answers 24h/day, advice usually competent
e explain concepts in the students’ own language
e corrections from a pool of teachers abroad
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Experience and Conclusion

Video-conference and technology:
e changed lecture — Q&A, quiz, illustrations
e Organized discussion peers — classrooms — teacher

e open source / free software (Java, PHP, SQL)

Evaluation:
e students love it and acquire a working knowledge
e broaden the horizon in a multi-cultural experience
e technology is enhancing the human interaction!

Join our international teams:
e as student, teacher (local respondant) or school
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