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FORMULA SHEET

For a general (Lagrangian) coordinate system £
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The material derivative in general coordinates is
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where V' is the velocity of the continuum and
U'll; =U" +T%,U",

where F; .. are the Christoffel symbols for the chosen coordinate system in the deformed config-
uration.

The deformation gradient tensor F = V), R has components Cartesian coordinates given by

Fry= :

The determinant of F is denoted by J.

The Eulerian velocity gradient tensor, L, has components in Cartesian coordinates given by

Liy=

X,

The deformation rate tensor, D and spin tensor, W are defined by

_1 T _1 1T
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Cauchy’s equation in the usual notation in components in general coordinates & is
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57 Where TV = T3+ T3 T + T3 17",

The material derivative of the determinant of the deformation gradient tensor is
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The Reynolds Transport theorem states that
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where (); is a material volume, ¢ is a scalar field and V' is the velocity of the continuum.

For a Cartesian line element d X; in the deformed configuration

DdX;
Dt

where V; is the I-th Cartesian component of the velocity.

= Vi kd Xk,

Nanson'’s relation states that ,
o¢?
ox*
where & are the Lagrangian coordinates, y’ are the Eulerian coordinates, J is the determinant

of the deformation gradient tensor, dA is an area element in the deformed configuration and
da is an area element in the undeformed configuration.

dA; =J da]’,

The Green-Lagrange strain tensor is defined by

1
5 (Gij — 9i7) -

Yij =
The strain invariants are defined by

L = gijGjia I, = (112 - girgstz'jGrs) , I3= G/g7

N —

where g = det(g;;) and G = det(G};)
A hyperelastic material is described by a strain energy function W(Iy, I, I3) such that
TV = PGY 4+ Ag” + BB,

where 2 oW 2 oW oW
A= —— =——, P=2/13—
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and BY = [Ilgij — g"ngG,,s} .

The physical components of the stress tensor are given by o(;;) = T /G;;/G" (no summation).

The body stress tensor 7% and second Piola-Kirchhoff stress tensor s¥ are related by the
expression JT% = s¥,
The first law of thermodynamics can be written as
Do
"Dt

where W, is any additional non-thermomechanical rates of work.

=T:D+pB=V-Q+W.,
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e The second law of thermodynamics for continuum mechanics can be written as
) Q B

>_v. (=X -,

Pl =""Vr (@ * o

e The Clausius—Duhem inequality is
) .1
—p\I/—pn@—@Q-VR@—FT:D >0,
where ¥ = ® — 1O; or (in the Lagrangian viewpoint)
. .1 s
—po¥ — porol — 5(1'Vr9 + 57 % 20,

where ¢ = .

e The most general transformation of position and time between observers in Euclidean space is
R (t")=Q(t)R(t) + C(t), t"=t—a,

where Q is an orthogonal matrix, C' is a translation vector and a is a constant time shift.

END OF EXAMINATION PAPER
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