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Quiz 11 
Polymer Physics 

April 5, 2017 
 

a) The harmonic mean is used to average rates for example the harmonic mean of v1 and v2 

is vhm = 2v1v2
v1 + v2

= 2
1
v1
+ 1v2

.  How does the RPA equation for scattering compare with a 

harmonic mean?  In what way is the scattered intensity a rate? 
b) To consider scattering from a polydisperse sample the scattered intensity is considered an 

arithmetic mean of the component scatterers.  Itotal = p(R)IR∑ , where p(R) is the 
probability of the component with size R.  Why would a harmonic mean be appropriate 
for intertwined polymer chains and an arithmetic mean be appropriate for a polydisperse 
sample of the same chain?  From a scattering perspective what is the difference between 
polydisperse components of the same material and two different materials that are mixed? 

c) Use a force balance for Newton’s second law, F = ma, and Stokes law to calculate the 
relaxation time for Brownian motion. 

d) For a creep experiment sketch the change in length versus time showing the elastic, 
viscous and anelastic parts.  Which component displays a time constant? 

e) Describe the Boltzmann superposition principle.  
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Answers:  Quiz 11 
Polymer Physics 

April 5, 2017 
a) The RPA equation: 

 
is a harmonic mean of the scattering from two components of a blend.  The scattered 
intensity is measured as a rate, counts per time.  So it might make sense that the average 
rate is calculated in this way.  This kind of average would be used if you had a certain 
interest rate for the first half of a year and a different interest rate for the second half of a 
year.  For velocities you would travel the same distance at two different velocities.  If you 
spent the same amount of time at the two velocities you would use an arithmetic mean. 

b) For polydisperse materials the components are viewed as contributing to the overall 
intensity independently.  It is as if there were layers of the different components that sum 
to give the total.  The components are independent of each other.  For the RPA equation 
the inverse sum relies on interaction between the two components.  This is the internal 
field in the derivation of the RPA.  So the two situations are conceptually different.  
There is no internal field between the components for the polydisperse sample.   

c)  
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d)  

 
e)  

 


