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Distribution function
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Gaussian chain acts like a Hookean spring

Stress 
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Stresses, produced by distortions of the distribution of 
polymer configurations

Stresses, interpreted in terms of anisotropies in molecular 
orientations



Rubber elasticity theory
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At equilibrium

If the crosslink points deform affinely

Purely elastic model, valid only at small frequency

At high frequencies, the strands are not able to relax 
their conformations fast enough to keep up with the 
imposed deformation, and energy is dissipated.



Temporary network model

Polymer chains are physically restrained by temporary junctions that 
spontaneously form and break (physical junction/entanglements).
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Predicts:
first normal stress difference
stress relaxation after cessation of flow
elastic recovery after removal of stress
time dependent extensional viscosity

No indication of the relationship 
between the relaxation spectrum and 
the molecular relaxation processes.



Elastic dumbbell model

Force balance

0
R

RvRR =
∂
∂

++∇⋅−
ψβς nTkTk BB

l& 22)(
2
1

Smoluchowski equation
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Stress (Kramer’s form)

Upper convected Maxwell model
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Rouse model
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Upper convected Maxwell model
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Predicts a nontrivial distribution of polymer relaxation times
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2/1ωωη ∝−′′=′ sGG at high frequencies



Time-temperature superposition
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On a log-log plot, a change in 
temperature merely shifts the 
curves along the frequency axis, 
without changing their shape

Shift along modulus axis is 
small or negligible
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