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Integral Calculus 

o Line ( Path) Integrals 

 

o Surface (Flux) Integrals 

 

o Volume Integrals  
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Line ( Path) Integrals: 

 
Let v  - is a vector function 

      dl - is the infinitesimal displacement vector 

 

Integral  carried out along a specified  path from point a to point b 

gives line or path integral. 

 

 

 
Line integral depends critically 

 on the particular path taken from  

a to b.  
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If path forms a closed loop i.e. a = b, the integral can be 

written as: 
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There is a special type of vector which does not depend 

on path, but depends on the co-ordinate s of the points a and 

point b. The vector field is called as conservative field. 

The line integral of the conservative field along a closed path 

is zero. 

0 dlV
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Surface (Flux) Integrals: 

 
Let v - is a vector function 

     da - is an infinitesimal patch of area (direction is  to the                

            surface) 

 

If v is flow of a fluid (mass per unit area per unit time) 

    

 

   

 

surface he through tpassing 

unit timeper  mass total: 
s

daV
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If the surface is closed: 

 

o For closed surface, direction of da is outward 

 

o For open surfaces it’s arbitrary. 

 

oSurface integral depends on the particular surface 

chosen. 

 

o There is a special class of vector function for which 

integral is independent of the surface, and is determined 

entirely by the boundary line. 

 daV
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Volume Integrals: 

 

The volume integrals as applied to closed volumes are of two 

type   
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 as written becan it  , scoordinateCartesian In 

 vector a of integral  volume theis this, 

 volumein the contained ccharge  total theis Q and 

functiondensity  charge assuch function density  

 volume theisρscalar  where, v

2/8/2013 Lecture  by Dr Aparna Tripathi 



Gauss Divergence Theorem 
According to divergence theorem: 

 

The volume integral of divergence of a vector field A over a volume V 

is equal to the surface integral of that vector field A taken over the 

surface which encloses that volume V i.e, 

This theorem is used to convert the volume integral into the surface 

integral or to convert the surface integral into the volume integral. 
2/8/2013 Lecture  by Dr Aparna Tripathi 



Example 6 
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Stokes’ Theorem 
According to divergence theorem: 

 

The line integral of a vector field A along the boundary of a closed 

curve C is equal to the surface integral of curl of that vector field when 

the surface integration is done over a surface S enclosed by the 

boundary C i.e. 

This theorem is used to convert the surface integral into the line 

integral or to convert the line integral into the surface integral. 2/8/2013 Lecture  by Dr Aparna Tripathi 



For r = constant    dr = 0 
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Example 7 
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