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Brownian motion – a random walk 

Brownian motion, initially observed as the random jittering of pollen grains in 

a microscope slide, is due to the random jostling of molecular motion. In the 

base of the pollen grains, it is the smaller (invisible) air molecules which are 

colliding at random. How far will a given particle move in a specified 

time, given its motion is random?  

 

Consider motion in one direction in N steps of fixed length l. The caveat is 

that each step is either forward or backwards, and the direction is ‘chosen’ 

randomly. 

 

The total displacement is                       where   
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A sensible measure of the distance travelled is the  

root-mean-square (RMS) displacement: 
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   Since a is a random choice 

between -1 and 1 

Robert Brown 

(1773-1858) 

Brownian motion simulation 

https://en.wikipedia.org/wiki/Brownian_motion


If the average molecular speed is         ,  the number of steps in t seconds is:  
v t

N
l



Hence the RMS random walk displacement in t seconds is predicted to be: 

2x l N l v t 

The step size l can be associated with the mean free path 

between molecular collisions. We can define the mean 

free path to be the average distance travelled by a 

molecule in time t divided by the number of molecules it 

will likely collide with in that time. 

We might use the RMS 

speed here 
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1D random walk 



Mean free 

path 





PhET States of Matter 

Fluid Gas 

https://phet.colorado.edu/sims/html/states-of-matter/latest/states-of-matter_en.html
https://phet.colorado.edu/sims/html/states-of-matter/latest/states-of-matter_en.html
https://phet.colorado.edu/sims/html/states-of-matter/latest/states-of-matter_en.html
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1D random walk simulation in Excel 

2x l N



2D random walk with  

fixed step size. i.e. angle of turn 

per step is random. 



2D random walk 

MATLAB 

simulation 





MATLAB implementation 

of multiple random 

walks (in a loop) 



We can compute a 3D diffusion model 

efficiently by using a random walk. 

 

The random walk gets around the need 

to keep track of thousands of particles 

and their collisions. 

Note in this simulation 

the power is not 0.5 

as per a 1D random walk 

Mean of 50 

random trajectories 



Random angles 

in azimuth and elevation 

Assume elastic 

collisions with walls 



• Suggested homework 

• Q&A 


