
Unit- 5 

Vector Calculus 
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Gradient 



Scalar Point Function 

Mathematically  

is an example of scalar function 



Vector Point Function  

Vector Differential Operator   

Mathematically  

be an example of vector point function 



GRADIENT OF SCALAR FIELD 

 



GEOMETRICAL INTERPRETATION 

 





PROPERTIES OF GRADIENT 



EXAMPLE 1: 

 

SOLUTION: 
 



 EXAMPLE 2. 
 
 

 

SOLUTION 

 





 EXAMPLE 3 
 

 

SOLUTION 

 





EXAMPLE 4 

SOLUTION 
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EXAMPLE 5 
 

 

 

 

SOLUTION 
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(ii) 

 



(iii) 



EXAMPLE 6 
 

 

 

SOLUTION 
 

 

 





APPLICATION OF GRADIENT 

EQUATION OF THE TANGENT PLANE  

(1) 





EXAMPLE 7 

SOLUTION  



Gradient in Polar Co-ordinate 
If f(r) is a scalar function of scalar r then it’s gradient is given by  



Q1 

 

 

Q2 

Practice Questions  



Practice Questions  

 
Q3 

 
 
 
Q4 
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Directional Derivatives  



  

Directional Derivatives 



Directional Derivative 
Let  f(x, y, z)  be  a scalar  valued function , directional derivative of  f(x, y, z) at 
the point       in the direction of a vector       is given by 

 

   

 

         is the unit vector of the vector       . 

 

 

 

 

Directional derivative =   



Example 1 

 

 

 

Solution 
 

 





Example 2 

Solution 





Example 3 
 

 

 

 

Solution 
 





Example 4 

 

 

 

Solution 

 

 







Example 5 

 

 

Solution 

 

 































Practice Questions 
1. 

 

 

Ans:   
 

2. 

 

Ans:  



Practice Questions  
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Divergence of a Vector Point Function  



Definition 

is  a scalar function  



Physical interpretation of Divergence of a  

Vector Function 







Thus it can be concluded that   



Example 1  

Solution  



Example 2 

Solution 





Example 3 

Solution 





Example 4 

Solution 



Example 5 

Solution 



Example 6 

Solution 





Example 7 







Practice Questions  

1 
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3 
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Ans :  5u 



Q1  

 

 

Q2 

 

Q3  

 

Q4 

        Is motion possible for incompressible fluid? 

 

    



Curl of a Vector Point Function & Vector 
Identities 
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Curl of a Vector Point  Function   



Physical Interpretation 





Example 1 

Solution 



Example 2 

Solution 





Example 3 

Solution 





Example 4 

Solution 





Vector Identities  



Vector Identities  

6. 

7. 

8. 

9. 



Example 5 

Solution 

(i) Prove that the vector                       is irrotational  

(ii) Prove that the vector                                                      is irrotational  













Practice Questions 



(4) 

Ans:  Yes,   

Practice Questions 



Line Integral, Surface Integral And 

Volume Integral 
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Line Integral 



Example 1 

Solution 





Example 2 

Solution 















Surface Integral 



Example 3 

Solution 







Example 4 

Solution 





Volume Integral 



Example 5 

Solution 





Practice Questions 
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Practice Questions 
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Thank You  



Green’s Theorem and its  

Applications - I 
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Green Theorem 

o 
X 

Y 



Example 1 

Solution 





Example 2 

Solution 





Example 3 

Solution 

(0,0) 

(a,0) 







Example 4 

Solution 





Example 1 

Solution 
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Example 2 

Solution 





















Practice Questions 
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Green’s Theorem and its  

Applications - II 
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Green Theorem 

o 
X 

Y 



Area of Plane Region by Green Theorem 



Example 3 

Solution 





Example 1 

Solution 
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Example 2 

Solution 







Practice Questions 
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Ans:  0 



Practice Questions 
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Stoke’s Theorem and It’s Applications - 

I 

Lecture 42(I) 



Stoke’s Theorem 

Stokes’ Theorem relates a surface integral 
over an open surface S to a line integral 
around the boundary curve of S (a space 
curve). 



Example 1 

Solution 





Example 2 

Solution 









Example 3 

Solution 







Example 3 

Solution 









Stoke’s Theorem and It’s Applications - 

II 
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Practice Questions  

Q1  
 
                                                                                                                        

Ans:                                              =  21. 
  
Q2 
 
 
 
Ans:  - 4  



Use Stokes’ Theorem to evaluate  

 

 is triangle with vertices (0,0,3), (0,2,0) and (4,0,0). C has a counter clockwise 

rotation if you are above the triangle and looking down towards the xy-plane.See 

the figure below for a sketch of the curve.  Ans -5 

Q3.  



Q 4  Verify Stoke’s theorem 

for  
and Surface S is the portion of the sphere   

above the xy-Plane.  

Ans:  


