
Biophysics 400 Problem Set #4 

 

1. In class Prof. Carter talked about whether the biological factors or the underlying physics set the size 

of vesicles, liposomes, or peroxisomes. 

 A) What was the argument that Prof. Carter and the textbook presented? 

 B) What are the assumptions or caveats to this argument? 

C) This argument seems somehow unsatisfactory. What physical arguments might set the size of 

these membrane-bound spheres? This is a fairly open-ended question. If you have some idea of 

how physics might limit the diameter, make an estimation and see what you come up with. A 

good place to start may be the bending energy of the ER or golgi apparatus. Alternatively you 

can do a search on pubmed to see if anyone has published anything on the subject. Include the 

reference for any papers or textbooks you use. 

 

2. The bacterial flagella has been claimed to be the world’s most efficient motor at 100% efficiency. Let’s 

run the numbers and calculate the efficiency.   

A) First, let’s estimate the efficiency of a car engine. Efficiency is the ratio of the power output to 

the power input. The torque output by the engine is related to the force produced by the piston upon 

ignition of the gas and varies with the angular velocity (ωengine) of the engine. Assume that engine torque 

(τengine) is given by , where A=-0.0004 Nms
2
/rad, B=0.731 Nms/rad, 

and C=16.798 Nm. If the engine is running at 2000 rpm what is the power output? Gasoline has a 

specific heat energy of 35 MJ/L. Calculate the power input for a car traveling at 45 mph and with 

a fuel efficiency of 20 mpg. Given this power output and input, what is the efficiency?  

B) Now let’s estimate the efficiency for the bacterial flagella. The flagella rotates at 10 Hz with a 

torque of 4600 pN-nm. To turn the flagella takes 1200 protons per revolution and the proton 

motive force is -170 mV. What is the efficiency? 

C) Compare the efficiency of the bacterial flagella and the car engine. Is the bacterial flagella 

100% efficient? If not, why do you think scientists have claimed 100% efficiency? 

 

3. Using a similar calculation as Problem 2 find the efficiency for ATP synthase? If you look up a number, 

state your reference and back up this number with the calculation. 

 

4. Compare the cellular chemotaxis of prokaryotes (E. coli) to eukaryotes (D. discoideum). For further 

research read the article by Parent et al., Science, 1999. 

A) How does E. coli chemotax down a chemical gradient?  

B) How does D. discoideum accomplish the same task? 

C) Compare the two methods. How do you think cellular architecture plays a role in these 

differences?  


