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(KEY CONCEPT) [B-1-4] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Line, area, and volume integral geometry sketch (source: J.D. Anderson "Fundamentals of Aerodynamics" 2016) 
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Line Integral 
(open path) 

∫ 𝐴 ∙ 𝑑�̂�

𝑏

𝑎

 

= ∫ 𝐴 ∙ 𝑑�̂�

𝐶

 

Line Integral 
(closed loop) 

∮ 𝐴 ∙ 𝑑�̂�

𝐶

 

Area Integral 
(closed loop) 

∯ 𝜌(�⃗⃗� ∙ �̂�)𝑑𝑆

𝑆

= ∯ 𝜌�⃗⃗� ∙ 𝑑𝑆

𝑆

 

∯ 𝑝 𝑑𝑆

𝑆

 

Volume Integral 
(closed surface) 

∰ 𝜌 𝑑𝑉

𝑉

 

∰ 𝜌�⃗⃗� 𝑑𝑉

𝑉

 

𝑑�̂� = Line Vector 

𝑑�̂� = Area Vector 

�̂� = Outward 
Unit Normal  

Vector 
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