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070601  Polymer Properties  Quiz 8 
 
1)  The Voigt Model and the Maxwell Model (1850’s to 1880’s) were used to describe 

viscoelastic properties of solids and liquids many years prior to the Rouse Model and 
prior to the development of the molecular Dumb Bell Model in physics.   

                  
a)  Describe the Dumb Bell Model and compare it to these two models.   
b)  In the Voigt model the stress (force) of the system is the sum of the stress for the two 
components (strain is equal) while for the Maxwell model the strain (position) is the sum 
of the strains for the two components, a spring and a dash pot (stress is equal).  Show 
which of these conditions is inherent to the Dumb Bell Model. 
c)  The Voigt and Maxwell Models are often combined in more complex relaxation 
models need to describe solid-like features in liquids and liquid-like features in solids.   

 
Explain how the Dumb Bell model might be modified to accommodate more complex 
relaxations.   
d)  Is it physically possible for a system to display more than one relaxation time? 
Explain. 
e)  Write the constitutive equations involving the friction factor and the spring constant 
and show by unit analysis that the units of the relaxation time are time, 

! 

" =
#vis

kspr
. 

 
2)  a)  What is the difference between the Rouse Model and the Dumb Bell Model? 

b)  What is the difference between the Maxwell-Weichert Model shown above and the 
Rouse Model? 
c)  In a simple analysis, such as shown for the Maxwell-Weichert Model above, how 
many relaxation times would a Rouse chain display? 
d)  How is the size of a Rouse unit determined? 
e)  Would the number of relxation times displayed by the Rouse chain depend on the 
definition of a Rouse unit? 
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3)  The dynamics of chains in dilute solutions in good solvents are often modeled using the 
Rouse theory.   
a)  What assumptions are involved in the use of the Rouse theory? 
b)  Are these assumptions appropriate for a chain in a dilute solution in a good solvent? 
c)  In order for the Rouse chain’s dynamic properties to not depend on the size of a Rouse 

unit 
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( =  constant , where aR is the size of a Rouse unit and ξR is the friction factor 

of the Rouse unit.  What does this mean in terms of the solvent interaction with the chain 
coil?  (For a Gaussian chain 
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d)  The Mark-Houwink parameter, “a”, relates the intrinsic viscosity to the molecular 
weight, 
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"[ ] = kNa .  What is the value of “a” for the chain of part c? 
e)  How does the value of “a”  in part d compare with the expected value for a non-
draining Gaussian Chain and a non-draining excluded volume chain? 

 
4)   a)  Write the force balance (Langevin Equation) for a Rouse chain. 

b)  Why is inertia ignored in this force balance? 
c)  What term would be included if inertia were not ignored? 
d)  What effect would inertia have on the response of the Rouse chain? 
e)  Explain how the expression 
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5)  The Rouse Model results in a relaxation time of the form, 
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, while the Dumb 

Bell model results in a relaxation time of the form, 
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a)  Explain the similarities between these two expressions. (Why would they be similar?) 
b)  Explain the differences between these two expressions. 
c)  Calculate the values of δ for a cyclic chain of length N. 
d)  Calculate the values of δ for a linear chain of length N. 
e)  Explain the difference between these two in terms of the structure of a cyclic chain. 
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ANSWERS:  070601  Polymer Properties  Quiz 8 
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