
Biophysics 400 Problem Set #5 
 

1. Brownian Motion vs. Diffusion… 
 A) Compare and contrast Brownian motion and diffusion. Are they different concepts? 

B) The diffusion coefficient, D, keeps popping up. It popped up in the context of Brownian 
motion and in the context of diffusion. List at least 3 equations that we went over in the lecture 
with D in it. What is D in each context? How are the equations related? How are the microscopic 
properties of the random walk related to macroscopic properties? 

 
2. Brownian motion vs. Momentum conservation…  
Brownian motion of a particle is said to be due to the collision of water molecules with the particle. 
Given this statement formulate a model for the system and calculate a velocity for the particle. How 
does this velocity relate to what we know about the particle’s random walk? Is your model a good one?  
 
3. The mean of the squared displacement for a one-dimensional random walk is equal to 2Dt, for two 
dimensions it is 4Dt, and for three dimensions it is 6Dt. Why? 
 
4. Assume that a protein undergoes a one-dimensional random walk in x and y. What is the function for 
the probability density in this case? Plot the probability density at three different time points all on the 
same graph. (Mathematica is your friend!) How does the probability at the initial position change with 
time? Select a different position and relate how the probability changes with time at that position. What 
does this say about the protein’s diffusion? (Make sure to pick reasonable numbers such that your plots 
make sense.) 
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 6. Design an experiment to measure the diffusion coefficient. This is an open-ended question so you 
should be as specific as possible. (Bonus: Calculate the error for your experiment. Will it give you a 
reasonable answer?) 
 
7. Brownian Motion vs. Lipid Rafts… 
Read the article: “Dynamic clustered distribution of hemagglutinin resolved at 40 nm in living cell 
membranes discriminates between raft theories” by Hess et al., PNAS 2007. A pdf is available on the 
website. You will find several movies in the supplementary information that can be downloaded from 
the PNAS website through a school computer or by using a VPN client. Let’s see what diffusion has to 
say about lipid rafts. 

A) Protein molecules are nanometer-sized; how were the researchers able to visualize then 
using a light microscope? The article: “Review PALM and STORM: Unlocking Live-Cell Super-
Resolution” by Henriques et al. Biopolymers 2011, should be helpful in answering this question. 
B) Summarize the findings of the article. Do lipid rafts exist? 
C) Do you have any scientific objections to the author’s argument? 
D) It is always irksome that the techniques of PALM and STORM are called super-resolution 
techniques. This is NOT true. Why? 


