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Cartesian coordinates:
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Cylindrical coordinates:
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Spherical coordinates:
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∇ fg( ) = f ∇g+ g∇f

∇ A ⋅B ( ) = A × ∇ × B ( ) + B × ∇ × A ( ) + A ⋅∇( )B + B ⋅∇( )A 

∇⋅ fA ( ) = f ∇⋅A ( ) + A ⋅∇f( )

∇⋅ A × B ( ) = B ⋅∇ × A ( ) − A ⋅∇ × B ( )
∇ × fA ( ) = f ∇ × A ( ) + A × ∇f( )

∇ × A × B ( ) = B ⋅∇( )A − A ⋅∇( )B + A ∇ ⋅B ( ) − B ∇ ⋅A ( )



A × B = det

ˆ x ˆ y ˆ z 

Ax Ay Az

Bx By Bz

 

 

 
 

 

 

 
 

= AyBz − SzBy( ) ˆ x + AzBx − AxBz( ) ˆ y + AxBy − AyBx( ) ˆ z 

A ⋅B × C ( ) = B ⋅C × A ( ) = C ⋅A × B ( )
A × B × C ( ) = B A ⋅C ( ) − C A ⋅B ( ) A × B ( ) × C = B C ⋅A ( ) − A C ⋅B ( )

δ ij =
+1 if i = j

0 if i ≠ j
εijk =

0 if i = j  , j = k , or k = i

+1 if ijk =123, 231, 312

−1 if ijk = 321, 213, 132

∂i =
∂

∂xi

ε ijk ε lmk= δil δ jm − δimδ jl

A ⋅B = A i Bi = Aiδ ij Bj A × B 
k

= ε ijk Ai Bj A ⋅ B × C ( ) = ε ijk Ai Bj Ck

A × B × C ( )[ ]
k

= Bk AiCi − Ck Ai Bi

∇ fg( )[ ]k
= ∂k fg( ) = f ∂kg + g∂ k f

∇ A ⋅B ( )[ ]
k

= ∂k Ai Bi( ) = Bi ∂k Ai + Ai∂ kBi

∇⋅ fA ( ) = ∂i f Ai( ) = f ∂i Ai + Ai ∂i f

∇⋅ A × B ( ) = ε ijk∂ i Aj Bk( ) = ε ijk Bk∂i Aj + ε ijk Aj ∂i Bk

∇ × fA ( )[ ]
k

= ε ijk ∂i f Aj( ) = ε ijk f ∂i Aj + ε ijk Aj∂ i f

∇ × A × B ( )[ ]
k

= ε ijk ∂iε lmjAl Bm = εkij εlmj∂i Al Bm = δklδim − δkmδ il( )∂i Al Bm

= ∂i Ak Bi − ∂i Ai Bk = Bi∂ i Ak + Ak∂ i Bi − Bk∂i Ai − Ai ∂i Bk

10−12 = pico   10−9 = nano    10−6 = micro (µ)   10−3 = milli 

10+3 = kilo   10+6 = Mega   10+9 = Giga     10+12 = Tera  


