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So by considering objectivity a const itutive equation in the fori m ; ()( ),53 _ (:71 <F}\><S
takes one of the following forms:




Theorem 173 If the elastic constituitive equation

T(x,t) = G(F(x,t),x) (4.1)

is consistent with the Principle of Material Frame-Indifference, then it can
be written in any of the following reduced forms:

(x, 1)
(x,t)
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where G : Psym x B— Sym

R(x,t)G(U(x,t),x)R(x,t): (4.2)
F(x,t)G(U(x,t), x)F!(x,t); (4.3)
F(x,t)G(C(x,t),x)F!(x,t); (4.4)

- 0 .
and G : Psym x B— Sym.

4.4 Material symmetry; Isotropy

A transformation of an object that leaves some properties of the object invariant is called a symmetry transformation.

How about a constitutive equation?

From geometric perspective, any multiple of 90

degree rotation, results in the same material.

We will show that under infinitesimal deformation for linear material: = C %
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Last timgwe obtained the relatioq between G's starting from two different "initial configurations":
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As h e minimum requirement g ng thro ghdff nitial P
tions, we want the initial density to h nge.
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Basically, if we only restric ourselves to g's for which initial density does not change (very reasonable restriction), we are left with grad g's in the space of unimodular
tensors (which obviously include rotations):
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How about constitutive equation for Cauchy stress tensor T ¢} )
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Basically, map g belongs to symmetry group for cons. Eqn. If
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Definition 112 (Noll. 1958) Giwen an elastic body and a reference config-

0
uration that corresponds to the region B, the material symmetry group at the
material point identified by X in the reference configuration is the set
Msg = {H € Unim V' : G(FH,x) = G(F,x) YF&Lin V7 }. V QL
N

Again, it should be emphasized that the material symmetry group is char-

acterized by tensors H that correspond to the gradients at X of deformations
not the deformations themselves. This is because the mass density and the
elastic response function in the second reference u»nﬁ:lll':\l ion ch'])t'lli] only
on the gradient of the connecting deformation. Also, note that H € Msg,_ is
not a tensor field, but rather the value of a tensor field at x.
The following theorem presents a property of all orthogonal elements of
Msg, that derives from the Principle of Material Frame-Indifference.

For isotropic solid material, what should be symmetry group of
constitutive equation?

All rotations belong to symmetry group.

What is the material that ALL unimodal tensors belong to its symmetry group?
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"Elastic fluids" would have all unimodal tensors in their const. eqn. symmetry group:
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