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CYLINDRICAL COORDINATES 
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SPHERICAL COORDINATES 

x 

z 

y 

P 

P:  (x0,  y0,  z0) cartesian coord. 

x0 

y0 

z0 

ϕ 
ρ 

P:  (r,  θ,  ϕ)  spherical coord. 
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PROBLEM 1 

Calculate: ( , , )A x y z=
S

A dS⋅∫∫ where the vector field is: 

SOLUTION 

and S is a cube (length 2 each side) centred in the origin. 
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(a) In a direct way (using the parameterization of the surface) 
 

(b)  Using the Gauss theorem 
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Let’s start with S1 
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2- Integral calculation: 
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Due to the symmetry of the problem we have:  4
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(b) S is a closed surface ⇒ we can apply the Gauss theorem 

33 3 3 2 24
1 1 1 3

S V

yx z S V

A dS divAdV

A dS dV VAA AdivA
x y z

⋅ =
 ⇒ ⋅ = = = ⋅ =∂∂ ∂ = + + = + + =

∂ ∂ ∂ 

∫∫ ∫∫∫
∫∫ ∫∫∫



PROBLEM 2 

Calculate                            using the Gauss theorem 

3 3 3( , , )A x y z=

S
A dS⋅∫∫

where the vector field is: 

and the surface S is a half sphere defined by: 
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But S is NOT a closed surface! 
So we can consider the surface  
Stot=S+Splane   
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planeS V S

A dS divAdV A dS⋅ = − ⋅∫∫ ∫∫∫ ∫∫ So we have transformed a surface integral 
into a volume integral minus another surface integral 
What is the advantage? 
They can be calculated much easier!! 

Let’s consider the second integral. 
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Let’s consider the first integral. 
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PROBLEM 3 

Calculate the line integral of the vector field: 
 
along the closed curve: 
 
 
(a) directly 
(b) using the Stokes’ theorem 
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SOLUTION 

The curve is on the cylinder  
defined by  (cosu, sinu, z) 

x 

z 

y 

On the cylinder the curve 
Is defined by z=f(u) 



SOLUTION  (A) 
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SOLUTION  (B) 
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