
Stokes’ Theorem    
Integral calculus  
Summary  

Line integrals. For a vector field ࢜ defined for all points of a curve ࣝ, ׬ ࢜ ൉ ࣝ࢒݀  is defined as 

׬   ࢜ ൉ ࣝ࢒݀ ൌ ׬ ൫࢜ሺࢽሺݐሻሻ ൉ ௕௔ݐ݀ ሻ൯ݐԢሺࢽ  , 

where  ࢽ: ሾܽ, ܾሿ ՜ ࣝ is any parameterization of ࣝ.  ׬ ࢜ ൉ ࣝ࢒݀  is also denoted 

as ߬ࣝሺ࢜ሻ. By its analogy with the work done by a force along a curve, ߬ࣝሺ࢜ሻ 
can be called the toil of ࢜ along ࣝ. In the case when ࣝ is closed, ߬ࣝሺ࢜ሻ ൌ׬ ࢜ ൉ ࣝ࢒݀  is also called the circulation of ࢜ on ࣝ (and in this case the integral 

is often written as ׯ ࢜ ൉ ࣝ࢒݀ ). 

Fundamental Theorem of Calculus. For any function ݂, 

  ߬ࣝሺ݂ࣔሻ ൌ ݂ሺܤሻ െ ݂ሺܣሻ ,  

Where the points ܣ and ܤ are the origin and the end of ࣝ, respectively. 



Surface integrals. If ࢜ is a vector field defined for all points of a surface Σ, 
the integral over Σ of ࢜ ൉ ݀࣌ is called the flux of ࢜ trough Σ, and is denoted ߶ஊሺ࢜ሻ: 

  ߶ஊሺ࢜ሻ ൌ ׬ ࢜ ൉ ݀࣌ஊ  . 

The main result is Stokes’ classical theorem: if Σ is an oriented surface with 
boundary ࣝ ൌ ߲Σ, and ࢜ is a vector field defined on all points of Σ, then 

  ߶ஊ൫ܔܚܝ܋ሺ࢜ሻ൯ ൌ ߬ࣝሺ࢜ሻ . 

For a parameterized surface, ࣌: ܴ ՜ Σ, ܴ a regular region in a plane, the 
flux can be computed with the following formula: ߶ஊሺ࢜ሻ ൌ න ࢜൫࣌ሺݏ, ሻ൯ݐ ൉ ሺ ௦߲࣌ሺݏ, ሻݐ ൈ ߲௧࣌ሺݏ, ோݐ݀ݏሻሻ݀ݐ . 
 

 

 



Volume integrals ׬ ݂ሺݔ, ,ݕ ሻ݀߱ௐݖ  

The main result is Gauss’ divergence theorem: if ܹ is a regular region in 3‐
space, possibly with boundary ߲ܹ, and ࢜ is a vector field defined on ܹ, 
then 

׬   divሺ࢜ሻௐ ൌ ߶డௐሺ࢜ሻ.  

 

    

 

 

 


