
                                                                Coordinate Systems 

Cartesian coordinates   ( )x, y,z  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cylindrical coordinates  ( )r , ,zθ  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
x r cosθ=  
y r sinθ=  
z z=  
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Spherical coordinates   ( )r , ,φ θ  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
x r cos sinφ θ=  
y r sin sinφ θ=  
z r cosθ=  
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Basic vectors 

( ) = 1,0,0i  

( ) = 0,1,0j  

( ) = 0,0,1k  

 
 

r  =  cos sinθ θ+e i j  
 = - sin cosθ θ θ+e i j  

z  =  e k  

 
 

r = cos sin sin sin cosφ θ φ θ θ+ +e i j k  
= - sin cosθ θ φ+e i j  
= cos cos sin cos sinφ φ θ φ θ θ+ −e i j k  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Line elements     dx,dy,dz  

Differential areas 

xdA  =  dydz  

ydA  =  dxdz  

zdA  =  dxdy  

Differential volume 

dV  =  dxdydz  

Arc length 
2 2 2 2ds dx dy dz= + +  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 dr,rd ,dzθ  
 
 

rdA  =  rd dzθ  
dA  =  drdzθ  

rdA  =  rd drθ  
 
 
dV  =  rdrd dzθ  
 
 

2 2 2 2 2ds  =  dr r d dzθ+ +  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
dr, r sin d , rdθ φ θ  
 
 

2
rdA  =  r sin d dθ φ θ  

dA  =  r sin d drφ θ φ  

dA  =  d dφ ρ φ ρ  
 

2dV  =  r sin d d drθ φ θ  
 
 

2 2 2 2 2 2ds  =  dr r sin d r dθ φ θ+ +  
 



 
 

scalar field ( )u r  

 

 
 
 
 
 
Gradient u∇  
 
 
 
 
 
 
 
Laplacian 2u∇  
 
 

          ( )u x, y,z  
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                 ( )u r, ,zθ  
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                  ( )u r, ,φ θ  

 

 

 

 

u 1 u 1 uu =  , ,
r r sin rθ φ θ
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vector field ( )F r  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Divergence  
div = ∇ ⋅F F  
 
 
 
 
 
 
 
 
 
curl  = ∇×F F  
 
 
 
 
 

 
         ( )x y zF ,F ,F  
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       ( )r zF ,F ,Fθ  
 

r x yF F cos F sinθ θ= +  

x yF F sin F cosθ θ θ= +  

z zF F=  
 

x rF F cos F sinθθ θ= −  

y rF F sin F cosθθ θ= +  

z zF F=  
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       ( )rF ,F ,Fφ θ  

 
r x y zF F cos sin F sin sin F cosφ θ φ θ θ= + +  

x yF F sin F cosφ φ φ= − +  

x y zF F cos cos F sin cos F sinθ φ θ φ θ θ= + −  
 

x rF F cos sin F sin F cos cosφ θφ θ φ φ θ= − +  

y rF F sin sin F cos F sin cosφ θφ θ φ φ θ= + +  

z rF F cos F sinθθ θ= −  
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                       ( )1 sin F
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