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Solution to Diffusion Equation Cannot be Carried
Backward in Time

The wave equation is (02 =C 0x* )F = 0

lts general solution is F(x,t)=G(x-ct)+H(x+ct)
This is a global solution. It enables you to look forward or back infinitely far in thq future
or the past without losing accuracy.  Find solution from F(x.0) =0x F(x.0) =1 forjgg<x<1
and F(x.0) =0x F(x.0) =0 otherwise. Use ¢=2

A global solution to the diffusion equation is p(x.t)= Idk explikx-Ak?t] g(k)

wit g(k)=Idx exp[-ikx] p(x.0)/(2TT) as initial data.
Smgll rapidly varying errors at t=0 will produce small errors for positive t and
huge errors for negative t. You cannot extrapolate backward in time. Information

gets lost as time goes forward.
Solve for p(x.0)=1 for 0<x<1 and p(x.0) =0 otherwise. Use A=2.Plot

solution for t=0.2.4. VWhat happens for t= -2!

Boltzmann noted that cquations of classical mechanics make sense if tis
replaced by -t (In fact, it just replaces momenta. p.by -p.) But diffusion
equation has a solution which does not make sense. Where did we go from

sense to nonsense’
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aggreganuon, a xineec
Rev Lot 47 1400. (1981)

[
Applications: I. “DLA"

One of the first examples
of a physical system being
put forward as an
algorithm; Question
answered “How can you
construct ja fractal by a
natural pro¢cess?

TA Witten and L Sander Diffusion<limited
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Fractal... Fractal Dimension

Mandelbrot, B|B. (1982). The Fractal Geomelry of
Nature. W.H. Freeman and Company..

ISBN 0-7167-1186-9

Fractals : By Jens Feder. Plenum Press, 1989

In d-dimensions, a cubic lattice with lattice
constant @ and side L contains N=(L/a)¢
vertices. Al DLA cluster of size L contains a
number of points which grows as L.
Hence we say that the fractal dimension of
DLA is d¢=1.65.

Our underskanding of DLA is closely tied to diffusion

processes and to electrostatics.

Random wilk itself obeys V2p =0 with boundary
condition p =0 on object and p =In rat infinity. Actually
it obeys discrete version of this equation:
plx+1.y)* p(x-1.y)* p(x.y*1)* p(x+1.y-1)-4 p(x.y)=0
Relative probability of landing is set by value of p just
beside object, related to discrete normal derivative at
surface.

Thus Laplace’s equation produces a fractal object.
The process is called Laplacian growth.
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Mandelbrot, B

Nature. W.H. Freeman and Company..

ISEN 0-7167-

Fracials : By Jens Feder. Plenum Press, 1989

Nature, Math, and Physics are full of objects that can
| as fractals.

be describec

Fractal... Fractal Dimension
B. (1982). The Fractal Geomelry of

186-9
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