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Gurtin 4.3)  Establish the component representations: 
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These can be established from the relation 
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The definition of gradient is: 
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Then, 
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The definition of divergence is: 
 

vtrvdiv ∇=  
 
So that using the divergences determined above, I have: 
 
Invoking an earlier relation, 
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The definition of Laplacian is: 
 

Φ∇=ΔΦ div  
 
Invoking some earlier relations, 
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Invoking earlier relations again,  
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Gurtin 4.10)  Let  and  be smooth.  Show that 
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I will take a Tensor-notation approach to this proof, for simplicity and conciseness: 
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Gurtin 5.1)  Let R  be a bounded region, and let  and  be 
smooth.  Show that: 

VRwv →:, LinRS →:
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Using the fact that the unit normal and the area element necessarily point in the same 
direction, 
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Now using the divergence theorem, 
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Let  be given. Then, Va∈
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But, since  is arbitrary,  Va∈
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Gurtin 5.2)  Let  be a smooth vector field on an open region v R .  Show that 
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Let  for every regular region 0=⋅∫
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Gurtin 6.8)  A deformation of the form  
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is called a plane strain.  Show that for such a deformation the principal stretch 3λ  
(in the  direction) is unity.  Show further that the deformation is isochoric if and 

only if the other two principal stretches, 
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also be an eigenvector of  and ( )xC ( )xU  with the same eigenvalue.  This transformation 
is isochoric by definition if 1det =U .  Since the determinant of a matrix is a product of 
the eigenvalues and 13 =λ , then the other principal stretches αλ  and βλ  must satisfy 

1=βαλλ  in order for the transformation to be isochoric.  
 
Gurtin 6.10)  Establish the following analogs of the relation given below: 
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Where  and  are respectively the outward unit normal fields on m n ( )Pf∂  and P∂ .  
Here, v  and T  are continuous fields on ( )Bf  with v  vector-valued and T  tensor-
valued. 
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From the given relation above, then,  
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However, since  is arbitrary, then, I have  Va∈
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Following the same strategy as in the last relation, let Va∈ : 
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Using the relation given in the problem statement, then, I have: 
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And since  is arbitrary, then I have: Va∈
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Gurtin 7.1)  Show that if  ( 00 )εεε <<f  is a one-parameter family of deformations 
and εε =∇u , then  

( )
( )ε

ε

εε

εε

oudivF
oIUE

+=−
+−=

1det
 

Give a physical interpretation of 1det −εF  in terms of the volume change in the 
deformation . εf
 
Recall: 
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Now, if , then 2UC = ( )[ ] ( )[ ]SDUSDC 020 =  for all tensors .  U  should be 
differentiable because  is composed of differentiable deformations u .  Now expanding 
about zero, I have: 
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Next, take  
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If, for a physical system, the operator corresponding to F , ( ) puppf ( )+= , moves each 

position as , then  gives the infinitesimal volume ratio ( )pu 1det −F
V

VVf − , indicating 

how much the final volume allocated to the initial infinitesimal volume about which this 
transformation is valid has changed.   
 
Gurtin 7.3)  Define the mean strain E  by ( ) ∫=
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As shown in problem 5.1a above, then, 
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QED. 
 

Gurtin 7.4)  Let ( TuuW ∇−∇=
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Gurtin 7.5)  (Korn’s Inequality)  Let u  be of class  and suppose that  on 

.  Show that 
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Further:   
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Since  on , then:   0=u B∂
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