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Scalar (Dot) Product
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Permutation Symbol ¢g;;,

I

ijk
1 (if ijk are cyclic permutation of 123)
-1 (if ijk are non-cyclic permutation of 123; interchange a pair)

0 (ifi,]orkis aduplicated index)

€.9. E€qp3= €3y =E3qp=1

€132 = E€3p1 = Epq3 = -1
8113= 8221 =8322=O ...etC
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Vector (Cross) Product

é1 é2 é3
AxB=|A, A, A,=&g,AB,
B, B, B

115k
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(ith component) (AX E)l = gijkAjBk

O 3
°0 (AxB), =) _&,AB,

J.k=

=€,,A,B;+€,;,A;B, =A,B; -A;B,
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000
i
) o0
Triple Product (1 of 2) :
A, A, A
A-BxC=|B, B, B;|=B-CxA=C-AxB (cyclic)
C, C C
(non-cyclic)

e.g. I, .
A-BXxC=A,(BxC),=A¢e_B C

1 "1mn m n

=Ce B A =—Ce B A =-C (BxA) =—C-BxA

n —1mn m 1 n —nm m 1
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Product of g,

€ik €mn = Oim Okn — Ojn Ok

©0- €1p3 €133 = Opg O3 — Op3 033 = 0 (no sum)
€193 €13p = Op3 O35 — Opp 033 = -1
281238133 =0 (sum too)

Z €7€3, =0 = 623812 - 622813

.

1
281218112 =—1= 821612 — 822611
i
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Triple Vector Product

Ax(BxC)=z¢g, A (BxC), =g, A¢g,.B.C, =¢,€..AB.C,
(5.8 —8.5 )AB.C

im™ jn in™jm/% *j~'m™~"n (for each component)

=ABC —A B C. =(A-C)B.—(A-B)C,

Jo1 ]

= (A-C)B—(A-B)C

Note:  (AxB)xC=g, (¢,.A,B,)C, =¢,.€,..A,.B,C,

jmn jki™ jmn

— (Skmﬁin _8 8 )AmBan

kn ¥ mi

=ABC,—ABC,

=(A-C)B—(B-O)A
AX(BxC)# (AxB)xC
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Vector Calculus - example

V- (fA) =2
9,(fA), = f0,A, + A0, f
V- (fA)= fV-A+A-Vf




