
PHYS3511-Biological Physics 
Fall 2018, Assignment #5 

Due Wednesday October 7, 2018 
Read Chapter 5 before attempting the solution 

Exercise 1) Chapter 5, Problem 5.2 
 
Exercise 2) Chapter 5, Problem 5.5 
 
Exercise 3) An E. Coli of radius about is observed to swim at . 
Estimate the amount of ATP that it must produce per second, in order for the E. Coli to 
swim at this rate. Compare this with the number of ATP needed to produce one E. Coli 
per second. DATA: ATP hydrolysis produce ∆𝐺 = −30𝑘𝐽 ∙ 𝑚𝑜𝑙-.. 
 
Exercise 4) From class note, I showed the 1st law of Thermodynamics: 
 𝑑𝐸 = 𝑇𝑑𝑆 − 𝑃𝑑𝑉 + 𝜇𝑑𝑁, which gives	𝑑𝑆 = .

9
𝑑𝐸 + :

9
𝑑𝑉 − ;

9
𝑑𝑁. Hence we know that 

the Entropy𝑆(𝐸, 𝑉, 𝑁) is a function of E, V and N. This gives the differential formula 
	𝑑𝑆 = ?@A
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𝑑𝑁. Comparing coefficients we obtain: 
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For an ideal gas of non-interacting particles the Entropy is given by the Sackur-Tetrode 
equation: 
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The above can be used to find the ideal gas equation, 𝑃𝑉 = 𝑁𝑘K𝑇, and the equipartition 
theorem, 𝐸 = S

R
𝑁𝑘K𝑇. 

Now we consider the entropy of a dilute attractive gas with Entropy: 
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A) Use ?@A
@B
C
D,E

= .
9
 to find an analogous equipartition equation. 

B) and ?@A
@D
C
B,E

= :
9
 to find an analogous equation to the ideal gas equation 

BONUS: For the van der waals gas the Entropy is 

𝑆 = 𝑁𝑘K Z𝑙𝑛 [F
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𝑁 H F

4𝜋𝑚
3𝑁ℎRH

S/R

\𝐸 + 𝑎
𝑁R

𝑉 ^
S/R

_ +
5
2
` 

Find the van der Waals equation of state (this equation is easily found online) 

NOTE: van der Waals equation of state is F𝑃 + 𝑎 ?E
D
C
R
H (𝑉 − 𝑁𝑏) = 𝑁𝑘K𝑇. The 

equation of state of an attractive gas is found by setting b = 0 in the van der Waals 
equation of state. 
 

r = 0.7µm  v = 80µmis−1



  
 
 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 

 
 
 
 


