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Hook’s Law for elastic solids
Valid for infinitesimally small displacements

Newton’s Law for viscous fluids
Valid for arbitrarily large displacement gradients
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Consider a sequence of small 
deformations where their 
response is linear. 
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Constitutive Model
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• Predict Constant shear viscosity (no shear thinning, small strain rates).
• Assume that strains can be added (small strains)
• Like in generalized Newtonian models, stresses are proportional to strain

rates. Hence they cannot predict Normal Stresses in shear flow.
• Their predictions are not frame-invariant!

Cons

Pros

• The first set of constitutive relations with “memory”
• Can predict SAOS & Step Change Flows well
• Easy Calculations
• Can approximate start-up and cessation flows
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The rotating coordinate system is 
related to the Cartesian one via:

Constant velocity is applied on the 
upper plate of a Couette device:

Steady state 
shearing flow

Table rotating 
with angular 
velocity W

xu y

xu y where 1

The rate of strain tensor based on 
the observer xyz-system is:
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The integral form of the GLVM stress tensor is 
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 The stress tensor depends on the rotation velocity of the moving 
coordinate system!!!

 The zero-shear viscosity for t=0 is:

       
0 0

G cos 2 G cos 2xy s Ws ds s Ws ds     
 

      

Hence, it depends on the angular velocity!!!

 Also, elastic materials are analyzed under the Lagrangian framework.
Cause? The generalization of Maxwell’s equation to the tensorial form.

Thus, for viscoelastic materials, which are partially elastic, we need a better 
mathematical description to study them in the Eulerian framework.

Solution ?

Objective time derivatives
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Plateau Modulus
Integration of 
the loss modulus
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Maxwell Model
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The function
reaches its max value when 
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tG(t) for polybutylene of high 
molecular weight Μw=940,000 
and zero dispersity in the length 
of macromolecular chains. The 
continuous line depicts the 
predictions of the Maxwell model.


