
Vector calculus
Consider a scalar A like temperature or a vector A like electric field
defined in 3 dim space X Y Z

A x ̅ A ix Y Z

ATI E A x ̅ E A E EsAsx Aj ÉEAE
Innerproduct A B Ai Bi

repeatedindexes

Gradientoperator Éi2i 2x2y.dz
I said so

ÑA Ei 2 A 2xA 2 A 2 A is a vectorthat indicatesthe
shortestpath to go up

DivergenceB A Ox2y.az AxAyAz 2 Ai is a scalar thatindicates ifany
source DA 0 or sink I A o

Carl ÑxA ExZAZ 2zAy Ey 2 Ax 2 Az
éz 2xAy ZyAx

Eijkei2 Ak sum over repeated i j k

Levi Civitasymbol
Eijk 1 if cijk is an even 123 231 312 1

permutationof 1.2.3

Eijk 1 ifcijk is an odd
permutationof4.2.3

13 321 Eg

Eijk 0 if thereisanyrepeatedindexes 122 333 0

Example AXB EijkéiAjBK É EEijkéiAjBe
A EijkEiDjAK EijkEgAk

Nowthemostusefulrelation Eg Sjman Indian

Laplacian D A P.BA Éi2iÑA Edi ejaja Ei e Sij I wheni

8ij2i2jA did A 2A A 2 a
o itj



Exercise Sei

ProveD A 0 dedeEijk 2jAk tijkle.li2,2 AK Eijk22jAre 0
xDA O Eijkli2j IA k Eijkei2j2kAk 0

A B BÑxA A 5 5 éi2i Ejkeej.tkBe

eiejEjkeZi AkBe
SijEjke Ak 2 Be Be2Ak
Ejke Ak 2 Be Be2 Ak
AkEjkl 2jBe BeLike2 AK
Ak Ek l 2jBe Betejk2jAk
B DxÑ A DXB

A B BB At A DB A D B B DA

tijkeidj.CA k

EijkEkemei2jAeBm
EkijEkemeiCAe2jBm Bm2gAe

dieSim Simage

Ei Aid B B 2 Ai AeZeBi BJjAj
A x ̅ I B B A AI B B E A


