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INDICIAL NOTATION (Cartesian Tensor)
Basic Rules
i) A free index appears only once in each term of a tensor equation. The equation

then holds for all possible values of that index.
i) Summation is implied on an index, which appears twice.
iii) No index can appear more than twice in any term.

Definition (Cartesian Tensors)

Consider a change of frame
X: = Qijxj! Xj = Qin:’ det‘Qij‘ =+1, QijQik = 8jk’ Qiijj = 8ik

The quantities T(x), v(x), and t(x) are said to be a scalar, a vector, or a second order
tensor if they transform according to the rules:

T=T,v=Qv,1=QtQ"
or in component forms:
Vi =Quvj, ;= QuQyty
Similarly, a third order tensor A transforms as:
x;jk = Qimanle}\'mnl

Tensor Operations

Gradient:
0
(V(p)| = _(P =0;
OX;
v
(VV) ij= 878 =Vii
Divergence:
V.v=yv,;
8Tij
(V-1); =§=Tij,i
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Curl:

ouU
(VxU); =gy —= €Uy
OX
Here, &, is the permutation symbol. The permutation symbol is used for

evaluating the determinant. e.g.,
det|A| = & Ay A, A,

The inner product of the permutation symbol satisfy the following identity:

Eijk€imn = 8jm8kn _SjnSkm
Laplacian:
82(p
Vip= =0.
(P 6XI6XI (P,II

Isotropic Tensors

Isotropic tensors are tensors, which are form invariant under all possible rotations
of the frame of reference. The most general forms of the isotropic tensors are:

Rank zero: All scalars isotropic
Rank one: None

Rank two: ad;,

Rank three: oy,
Rank four: ad;;8, +B(6ik6jl +8“8jk)+y(8ik8jI —8i,8jk)

a ascalar and §; = Kronecker delta



