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(Equations of Equilibrium in
Curvilinear Coordinates)
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ordinates, there is no difference in contravariant and covariant transformations.
Hence, the Cartesian stress tensor may be written as 7y;, or 7%, or ;. In general
frames of reference, Tij, 7, 7§ are different. Their components may have different
values. They are different versions of the same physical entity. Now prove the
following results in general coordinates.

(a) The tensors 7, 7;; are symmetric if there is no body moment acting on the
medium,; i.e., B N
™ =", Ty =T

(b) Principal planes are planes on which the stress vector T is parallel to the
normal vector v. If we use contravariant components, we have, on a principal
plane, T? = ov? = og*vi = 7714, where o is a scalar. If we use covariant

» . s
components, we have correspondingly T'; = ov; = og;v; = 7jv;. Show that
o must satisfy the characteristic determinantal equation

lr; - 05;| =0 or its equivalent |t% — og'| =0.
(c) The first invariant of the stress tensor is 7}, or 7 g;;. However, 7;; and 7%
are in general not invariants.
(d) The stress deviation tensor s} is defined as

The first invariant of s} zero. The second invariant has the convenient form

— 1k
JQ—ESLS'—.

(e) The octahedral shearing stress has the same value in any coordinates system.

Problem 3.9. Let us recast the principal results obtained above into ten-
sor equations in general coordinates of reference. In rectangular Cartesian co-
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