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Modeling random processes: Diffusion
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Analvytic solution n

R
nt ¥
N

>
%5 Al

| t ¢ -7)<
KLNC x' X! +pr

R&Le/ %Vm’h\?n‘- Dvm‘wj e tlemat of  Tine At half T pr-kc(g wi T Mo, ox .
[,JI\L jo l{;“_ Gw§ l\h\ ‘7\9 r‘.‘jH—. ’n‘-b VIVMW/J(,hs,\? FQ‘LC— O—F C,Llanj,e, o X=X /4

| / ’. ‘ “A(‘F(\!sr‘w\ coet ({o,—
Mcx,+): L[ n(x-txp)— n(x,*ﬁ L[N ek = n(xp C Sy
> 2 v 2 o Svity
2 l ‘ /
- A)ﬁ n()(*"ﬁﬁ,‘l') - n()(,'}') _ Y]()(,‘_)/]/\(X .,A;(A_) [ m 2 Pl ()GN%) 9
- AX = s ) o “CX”L) ’16(/*-)
2 At AX 5 | zat = D
AX Ax %
5 W have DV\ - Z’\t
o -D %
Soluva P Mg PDE L ikl condinons W/ \ _(ngg
1 D

nx )= ——

(Fr

A8
Mstshion  n(x, £20)  Conanbakd & Xoxp JWn P Jasie



Matlab implementation

function distrib=diffusion(Npart,tf)

% Monte-Carlo simulation of 1-dimensional
% Npart : number of particles

% tf : final time to evaluate distribution

% distrib: output spatial distribution

% lan Appelbaum, Sept 24, 2014

%define increments

dx=1;

dt=1;

Nx=1e3; % number of points along x-axis
distrib=zeros(1,Nx); % initialize distribution
x0=dx*round(Nx/2); % choose initial positio
for n=1:Npart % loop through all particles

x=x0; % initialize particle position
for t=0:dt:tf % increment thru time

Y%choose right or left motion randomly
if round(rand)
x=x+dx; %go right
else
x=x-dx; %go left
end

end %end loop

%increment element of distrib
distrib(x/dx)=distrib(x/dx)+1;

espond

end % end loop thru particles
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diffusion due to random motion.
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plot(distrib,'0") %plot the resulting distribution

Y%compare to analytic solution of partial-differential rate equation

hold on;

D=dx"2/(2*dt); fplot(@(x) 2*Npart./sqrt(4*pi*D*tf)*exp(-((x-x0).72)./(4*D*tf)),[0, 2*x0],'r")

xlabel('distance’); ylabel('frequency'); legen

end %end function

d('Monte-Carlo','analytic'); hold off

TnVeke

WX Commend \onwv-‘o"':
>> diffusion(1e4,1e2);

>> hold on; diffusion(1e4,1e3);

>> hold on; diffusion(1e4,1e4);
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