
TUTORIAL 2 

Q1) Divergence of the three- dimensional radial vector field 𝑟 is ___? 

Ans: 𝑟 = x𝑖̂ + y𝑗̂  + z𝑘̂     

         ∇⃗⃗⃗ = (
𝜕   

𝜕𝑥
𝑖̂  +

𝜕   

𝜕𝑦
𝑗̂ +

𝜕   

𝜕𝑧
𝑘̂ ) 

          ∇⃗⃗⃗.𝑟 = 
𝜕𝑥   

𝜕𝑥
 +

𝜕𝑦 

𝜕𝑦
+

𝜕 𝑧  

𝜕𝑧
 = 1 +1 +1 = 3 

 

Q2) Compute ∯(𝑎𝑥2 +  b𝑦2  +  𝑐𝑧2). 𝑑𝑠 over the surface of the sphere 

 𝑥2 +  𝑦2  +  𝑧2 = 1. 

Ans: By divergence theorem  ∯ 𝐹⃗. 𝑛̂ 𝑑𝑠 =  ∭ ∇⃗⃗⃗. 𝐹⃗ 𝑑𝑣 

Given 𝐹⃗. 𝑛̂ = 𝑎𝑥2 +  b𝑦2  +  𝑐𝑧2 

Let 𝜑 =  𝑥2 +  𝑦2  +  𝑧2 – 1 

Normal vector 𝑛⃗⃗ to the surface 𝜑 is – 

 ∇⃗⃗⃗ 𝜑 = (
𝜕   

𝜕𝑥
𝑖̂  +

𝜕   

𝜕𝑦
𝑗̂ +

𝜕   

𝜕𝑧
𝑘̂ )(𝑥2 +  𝑦2  +  𝑧2 – 1) 

        = 2 (x𝑖̂ + y𝑗̂  + z𝑘̂) 

 Unit normal vector = 𝑛̂  = 
𝑛⃗⃗

|𝑛⃗⃗|
  

                                     = 
2 (𝑥𝑖̂ + 𝑦𝑗̂  + 𝑧𝑘̂)

2 √(𝑥2+ 𝑦2 + 𝑧2 )
 

                                     = 𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧𝑘̂      as ( 𝑥2 +  𝑦2  +  𝑧2 = 1) 

  𝐹⃗. 𝑛̂ = 𝐹⃗.( 𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧𝑘̂) = 𝑎𝑥2 + b𝑦2 + 𝑐𝑧2  

       = (𝑎𝑥𝑖̂ + 𝑏𝑦𝑗̂ + 𝑐𝑧𝑘̂).( 𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧𝑘̂) 

   i.e, 𝐹⃗ = 𝑎𝑥𝑖̂ + 𝑏𝑦𝑗̂ + 𝑐𝑧𝑘̂ 

Now, ∇⃗⃗⃗.F⃗⃗ = 
𝜕   

𝜕𝑥
𝑎𝑥 +

𝜕   

𝜕𝑦
𝑏𝑦 +

𝜕   

𝜕𝑧
𝑐𝑧 = a + b + c 

By Gauss Divergence Theorem,  

 ∯(𝑎𝑥2 + b𝑦2 + 𝑐𝑧2)  𝑑𝑠  = ∭(𝑎 + 𝑏 + 𝑐) 𝑑𝑣 

= (a+b+c) V                                     

 Now, V is volume of sphere of unit radius 

 V = 
4𝜋

3
 (1)3 = 

4𝜋

3
 

 ∯(𝑎𝑥2 + b𝑦2 + 𝑐𝑧2)  𝑑𝑠  = 
4𝜋

3
 (a+b+c) 



 

Q3) 𝑉⃗⃗ = x 𝑐𝑜𝑠2𝑦 𝑖̂  + 𝑥2𝑒𝑧 𝑗 ̂+ z 𝑠𝑖𝑛2𝑦 𝑘̂ . Then the value of ∯ 𝑉⃗⃗ . 𝑛̂ ds over the unit cube 

is? 

Ans: we know ds⃗⃗⃗⃗⃗ = ds.𝑛̂ where ds is magnitude and 𝑛̂ is direction. 

∯ 𝑉⃗⃗. 𝑑𝑠 =  ∭ ∇⃗⃗⃗. 𝑉⃗⃗ 𝑑𝑣(From divergence theorem) 

∇⃗⃗⃗.𝑉⃗⃗ = 
𝜕𝑉   

𝜕𝑥
 +

𝜕𝑉 

𝜕𝑦
+

𝜕𝑉  

𝜕𝑧
 

∇⃗⃗⃗.𝑉⃗⃗ = 𝑐𝑜𝑠2𝑦 + 0 + 𝑠𝑖𝑛2𝑦  

∇⃗⃗⃗.𝑉⃗⃗ = 1 

∯ 𝑉⃗⃗. 𝑑𝑠 =  ∭ 1. 𝑑𝑣 = volume = 𝑎3|𝑎=1 = 1      

 

 

 

Q4) The value of  ∯ 5𝑟. 𝑑 𝑠  where 𝑟 = position vector and s is the closed surface 

having volume = V. 

a) 5 V 

b) 10 V 

c) 15 V 

d) 20 V 

Ans:   

        𝑟 = x𝑖̂ + y𝑗̂  + z𝑘̂     

         ∇⃗⃗⃗.𝑟 = 3 

 ∯ 5𝑟. 𝑑 𝑠 =  5 ∯ 𝑟. 𝑑 𝑠 = 5 ∭ ∇⃗⃗⃗. 𝑟 𝑑𝑉 = 5 ∭ 3 𝑑𝑉 = 15 ∭ 𝑑𝑉 = 15𝑉   

      

 

 

 

 

 

 

    

  



Q 5) If the vector 

  𝐹⃗⃗⃗⃗ = (3𝑦 −  𝑘1𝑧)𝑎̂𝑥 + ( 𝑘2𝑥 − 2𝑧)𝑎̂𝑦 − ( 𝑘3𝑦 + 𝑧)𝑎̂𝑧    

    is irrotational value of  𝑘1, 𝑘2, 𝑘3     are 

 

Sol . 

∇⃗⃗⃗  × 𝐹⃗ =  |

𝑎̂𝑥 𝑎̂𝑦 𝑎̂𝑧

𝜕

𝜕𝑥

𝜕

𝜕𝑦

𝜕

𝜕𝑧

3𝑦 −  𝑘1𝑧 𝑘2𝑥 − 2𝑧 −𝑘3𝑦 − 𝑧

| = 𝑎̂𝑥(−𝑘3 + 2) − 𝑎̂𝑦(+ 𝑘1) + 𝑎̂𝑧(𝑘2 − 3) = 0

  

 

𝑘1 = 0, 𝑘2 = 3, 𝑘3 = 2 

 

Q6) Find the curl of  

  𝑉⃗⃗ =  𝑥2𝑦 𝑥̂ + 𝑦𝑧 𝑦̂  + 𝑥 ẑ 

Sol. 

∇⃗⃗⃗  × 𝑉⃗⃗ =  ||

𝑥̂ 𝑦̂ ẑ
𝜕

𝜕𝑥

𝜕

𝜕𝑦

𝜕

𝜕𝑧

𝑥2𝑦 𝑦𝑧 𝑥

|| = 𝑥̂(0 − 𝑦) − 𝑦̂(1 − 0) + ẑ(0 − 𝑥2) = −𝑦𝑥̂ − 𝑦̂ − 𝑥2ẑ 

 

Q7)   

 𝐹⃗ = (𝑥 − 𝑦)𝑥̂ + (𝑦 − 𝑧)𝑦̂ + (𝑧 − 𝑥)𝑧̂ 

Find ∮ 𝐹⃗. 𝑑𝑙  . 

Sol.    ∮ 𝐹⃗. 𝑑𝑙 =  ∬(∇⃗⃗⃗ × 𝐹⃗). 𝑑𝑠   

∇⃗⃗⃗  × 𝑉⃗⃗ =  ||

𝑥̂ 𝑦̂ 𝑘̂
𝜕

𝜕𝑥

𝜕

𝜕𝑦

𝜕

𝜕𝑧
𝑥 − 𝑦 𝑦 − 𝑧 𝑧 − 𝑥

|| = 𝑥̂(+1) − 𝑦̂(−1) + 𝑧̂(+1) 

= 𝑥̂ + 𝑦̂ + 𝑧̂ 

 Also, 𝑑𝑠 = 𝑑𝑠 𝑧̂ 

 ∬(∇⃗⃗⃗ × 𝐹⃗). 𝑑𝑠 = ∬ 𝑑𝑠 = 4 +
1

2
× 2 × 2 = 6  
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