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Instructions:  
1.  All questions are compulsory. 
2.  Figures to the right indicate marks. 

Que.1 Answer any two out of the following.     
1. Prove: 𝑖̂ × (𝑎⃗ × 𝑖̂) + 𝑗̂ × (𝑎⃗ × 𝑗̂) + 𝑘̂ × (𝑎⃗ × 𝑘̂) = 2 𝑎⃗. 

2. Prove the identity: ( 𝑎⃗ × 𝑏⃗⃗) ⋅ (c⃗ × d⃗⃗) = (a⃗⃗ ⋅ 𝑐)(𝑏⃗⃗ ⋅ 𝑑) − (𝑎⃗ ⋅ 𝑑)(𝑏⃗⃗ ⋅ 𝑐)  
3. Explain the geometrical interpretation of scalar triple product.  
 If 𝑎⃗ = −3𝑖̂ + 7𝑗̂ + 5𝑘̂, 𝑏⃗⃗ = −3𝑖̂ + 7𝑗̂ − 3𝑘̂ 𝑎𝑛𝑑 𝑐 = 7𝑖̂ − 5𝑗̂ − 3𝑘̂ then find its 

scalar triple product. 

(10) 

Que.2 Answer any two out of the following.    
1. Define Scalar field and vector field and give one example of each. Also define 

∇ operator.  
2. Define curl of 𝑓̅ . Find ∇ × 𝑓̅  where 𝑓̅ = 𝑥3𝑦2𝑧𝑖̂ + 𝑥𝑦3𝑧2𝑗̂ + 𝑥2𝑦𝑧3𝑘̂  at 

(1,2,3).  
3. If 𝑟 = |𝑟̅| where 𝑟̅ = 𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧𝑘̂ then prove the following. 

(i) ∇𝑓(𝑟) = 𝑓′(𝑟)
 𝑟̅

𝑟
    (ii) ∇𝑓(𝑟) × 𝑟̅ = 0 

(10) 

Que.3 Answer any two out of the following.      
1. Evaluate ∬ √𝑥𝑦(1 − 𝑥 − 𝑦)  𝑑𝑥 𝑑𝑦 over the area of triangle bounded by lines                   

x=0,y=0, x+y=1. 
2. Find the volume of a sphere using multiple integral. 

3. Prove: ∬ √
1−𝑥2−𝑦2

1+𝑥2+𝑦2  
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𝐷
, where D is the third quadrant of the 

unit circle.  

(10) 

Que.4 Answer any two out of the following.   
1. Evaluate: ∮ 𝐹̅ ⋅  𝑑𝑟̅

 

𝑐
, where 𝐹̅ = (𝑥 − 3𝑦, 2𝑥 − 𝑦) and C is an ellipse  

4𝑥2 + 9𝑦2 = 36. 
2. Verify Green’s theorem for the line integral ∮ (𝑥 − 𝑦)3𝑑𝑥 + (𝑥 − 𝑦)3𝑑𝑦,

 

𝐶
 

where C is a circle 𝑥2 + 𝑦2 = 𝑎2.   
3. Show that the vector field 𝐹⃗ = 2𝑥(𝑦2 + 𝑧3)𝑖̂ + 2𝑥2𝑦𝑗̂ + 3𝑥2𝑧2𝑘̂  is 

conservative. Find its scalar potential and work done in moving a particle from 
(−1,2,1) to (2,3,4). 

(10) 

Que.5 Answer any two out of the following.  
1. If 𝑉̅ = 𝑦𝑖̂ + 𝑧𝑗̂ and S is a part of 2𝑥 + 2𝑦 + 𝑧 = 2 then find ∬ 𝑉𝑛 𝑑𝜎

 

𝑠
. 

2. Evaluate: ∭ 𝑥2 𝑑𝑥 𝑑𝑦 𝑑𝑧
 

𝑅
, where R is a closed surface of cylinder bounded 

by z=0, z=2 and 𝑥2 + 𝑦2 = 9. 
3. Prove that 𝑑𝑖𝑣(𝑟𝑛𝑟̅) = (𝑛 + 3)𝑟𝑛. 

(10) 
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