
Modeling random processes: Diffusion



Analytic solution



function distrib=diffusion(Npart,tf)
% Monte-Carlo simulation of 1-dimensional diffusion due to random motion.
% Npart : number of particles
% tf : final time to evaluate distribution
% distrib: output spatial distribution 
% Ian 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 position of particle

for n=1:Npart % loop through all particles
  x=x0; % initialize particle position
  for t=0:dt:tf   % increment thru time

    %choose right or left motion randomly
    if round(rand) 
      x=x+dx; %go right
    else
      x=x-dx; %go left
    end
  
  end %end loop thru time
  
  %increment element of distrib corresponding to final particle position
  distrib(x/dx)=distrib(x/dx)+1;
  
end % end loop thru particles

plot(distrib,'o') %plot the resulting distribution 

%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).^2)./(4*D*tf)),[0, 2*x0],'r')
xlabel('distance'); ylabel('frequency'); legend('Monte-Carlo','analytic'); hold off

end %end function

Matlab implementation

>> diffusion(1e4,1e2);
>> hold on; diffusion(1e4,1e3);
>> hold on; diffusion(1e4,1e4);


