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LECTURE 14

Index Notations (Contd....)

In the last class, we introduced you the index notations for vectors, tensors, etc.

> Say e.g. a vector ¥ was given as

» We described about free index and dummy index.
» Also described about index notations for various operations.

e.g. Vp — ;—i ,
V.3 %, etc.
> Recall, the Kronecher delta
s _ {1 for i=j
2 B 0 fori #j
1 0 O
ie. 511 = 0 1 0
0O 0 1

Like the kronecher delta, there is another isotropic tensor called Permutation symbol

1 for even permutations (123,231, etc.)
€ijk = -1 for odd permutations (132,213, etc.)
0 for two or more equal indices



i.e.

311

11

112

113

We can represent the cross product of two vectors

é, & &
Wy W, Wi
= é[vawz - viwy] - é[viws - vawq] + &[vyw, - vawy]
el}k V; W]
.. N ov;
imilarl XV = € —2
S arty, Vv v ijk 9%
- - avk
Youcanalsowrite V XU = € F
J

Also if you want, you can check
- 0 617-
Y X(V XU) - E X (Eijka_x]i)

2 o
— Crim €iji 5, 55 Vi

» Divergence operator increases the order of a tensor by one.
GTU

VT:W

» Gradient operation increases the order of a tensor by one.



Symmeteric and Antisymmeteric Tensors

A tensor T is symmetric, if the components do not change when i and j are interchanged

T — Tij = T (symmetric tensor)
A tensor is anti symmetric , if
Tij = - Tji
We can write any tensor as sum of symmetric part and anti symmetric part.
. 1 1
I.e. Ty = syt 0 Sy -7l

l |

Symmetric Tensor  Anti symmetric tensor

Green Gauss Theorem and Bounding surfaces

Green gauss theorem — relation that connects the surface integral for a vector ¥ in the
direction normal to an inclined surface with the volume integral of the divergence of v.

ie. IVﬁdF:IVVdQ
r Q

where T s the bounding surfaces

Q is volumetric domain
n

dr

In index notation, we write green guass theorem

aVi
lwmdrziéng



If < is any index, then green guass theorem in a general form
j aV.AdT = j V.(a¥)dQ
r Q

= [avidQ+[(@V)adQ
Q Q

. ov, oa
ie. la:vinidl“zioca—xidQJrE[vi 8_xidQ

% The index notation for same equation

— VY = 0
e
Ie 8xi8xi 0
ov _ %y | 97y 9%y
ot -7 [axz ay? dz2
. ov _ o’y
I.€. E - -C 6xi6xl-

Q. Write in index notation of following equations :

1, 85-Vp+v.7 = 62

2 4 = Ll ps dul + Jf po(wA) dA

dt lsystem

where B is a second order tensor.



