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Basic Rules X; = QX[ ¢

® A free index appears only once in each Cll;ange of \ /,’X*
term of a tensor equation. The equation rame X. — Q Xf \ Y
then holds for all possible values of that J - ¥
index.

° Summation is implied on an index, which det‘Qij =3cl
appears twice.

° No index can appear more than twice in QiQik =9 |QiiQu = Si
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Change o7 Frame ks

r=Xi+yj=xi +yj

i =icosO+ jsin®

j =—isin@+jcoso

X =XCcosO+ysin®

y =-Xsin0+ycos0
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Change ot Frame ¢kses
Transformation in cos® sin®

Two Dimension [Q]:{ _ }
—sin® cosH

1 0
|y b, |
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Scalar

Vector -::»

=T =T

v=Q-v

Second Order
Tensor T

=Q-t-Q’
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Vector | 0> |V, = Q,V,
Second Order *
Tensor | I L = QiijItkI

Third Order *
Tensor E} 7“ijk :Qimanlexmnl
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Alternating Symbol Geisen

Alternating .:} c..
Symbol ijk

gy =1, forl, j, k even permutation

g5 =—1, fori, j,k odd permutation
g; =0, whentwoindicesareequal
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Gradient -:’} 2;(-
Divergence | i [v7.y = v
1,1
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Tensor Operations Carkses

Isotropic Tensors Sarkses

oU
Curl .:} (VxU), :8ijk§|.(:8ijkuk,j

J

Determinant I:} det/A| = e AuA, A,

Identity .:> EiEimn = OjmOkn — OjnBim
82
Laplacian |I:> Vip= axi;;i =0
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Rank Zero: -:> All Scalars

Rank One:

None

=)
Rank Two: -_:» G’Sij
)

Rank Three:
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Isotropic lensors Sarkses

Rank Four:

08y +B(8;0; +6;8;)
+ Y(Sik6j| - Silsjk)
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