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Theorem 106 Let /
[ (Si;) == [ (Sn, S22, Sa3. Si2, S13, Sa3)
be a scalar invariant of S € Sym (that is f(S;;) = f (\)) where S;; and
.\';} are components of S w.r.t. two frames X and X'). Then 3 a unique R < S
real-valued function g of three real variables >
f(S;)=9(L(S),I,(S).15(S)) Swe S
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Tensor fields:
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These are tensor functions that depend on space (or space & ‘;‘"
time) coordinates.
\/(_)(\/ Yoy ){- )

They are in all parts of continuum mechanics: kinematics,
balance laws, etc.
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Grad is always one tensor order higher

Since the definition is based on coordinate components, we need to show that it's coordinate-independent (i.e. it follows tensor
coordinate transformation rule)
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So, gradient follows coordinate transformation rule -> it's a
tensor (always one order higher than T)
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Interpretation of gradient: Y
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We know the change of location
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And we seek, change in the function
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Curvilinear orthonormal coordinate systems:

Example: polar coordinate system
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How to express gradient in polar coordinate system
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Gradient of a vector in polar coordinate:
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