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                                                                                       Section A  

                                                         Answer all questions (3 × 4 = 12) 

 

1. If  
𝑑𝑎⃗ 

𝑑𝑡
= 𝜔⃗⃗ ×  𝑎  and 

𝑑𝑏⃗ 

𝑑𝑡
= 𝜔⃗⃗ × 𝑏⃗ , show that 

𝑑

𝑑𝑡
(𝑎 × 𝑏⃗ ) =  𝜔⃗⃗ × (𝑎 × 𝑏⃗ ). 

2. Briefly explain the geometrical significance of the gradient ∇𝜙. 

3. Show that ∫ ∇𝜙. 𝑐𝑢𝑟𝑙𝐹 
𝑆

𝑑𝑉 =  ∫ (𝐹 ×
𝑆

∇𝜙). 𝑑𝑆.   

 

                                                            Section B 

                                                         Answer any three questions (3 × 16 = 48) 

 

4. Find (i) 
𝑑2

𝑑t2
[𝑟 ,

𝑑𝑟 

𝑑𝑡
,

𝑑2𝑟 

𝑑t2
 ]  (ii) 

𝑑

𝑑𝑡
[𝑟  ×  (

𝑑𝑟 

𝑑𝑡
 ×   

𝑑2𝑟 

𝑑t2
) ]  (iii) 

𝑑

𝑑𝑡
[𝑟  ,

𝑑𝑟 

𝑑𝑡
,
𝑑2𝑟 

𝑑t2
 ].        (6+5+5)                                                                                                                                                                                         

5. Define curl of a vector point function and show that (i) ∇2 (
𝑥

𝑟3) = 0 (ii) curl grad ϕ = 0. 

                                                                                                                            (2+7+7) 

6. Explain the divergence of a vector point function in terms of curvilinear co-ordinates.                                                                                                                   

7. Show that 𝐹  =  (2𝑥𝑦 + 𝑧3)𝑖  +  𝑥2𝑗  +  3𝑥𝑧2𝑘⃗  is a conservative force field. Find the 

scalar potential. Find also the work done in moving an object in this field from (1, −2, 1) 

to (3, 1, 4).                                                                                                           (4+5+7) 

Section C 

Answer any one question (1 × 40 = 40) 

 

8. a) A particle moves along the curve 𝑥 =  𝑡3 + 1, 𝑦 =  𝑡2, 𝑧 =  2𝑡 + 5, where t is the 

   time. Find the components of its velocity and acceleration at t = 1 in the direction 𝑖 + 𝑗 +

    3𝑘⃗ . Also find the unit tangent vector at any point to the curve. 

b) Verify Stoke’s theorem for 𝐹  =  (2𝑥 −  𝑦)𝑖  −  𝑦𝑧2𝑗  −  𝑦2𝑧𝑘⃗ ,  where S is the upper 

     half surface of the sphere 𝑥2 + 𝑦2 + 𝑧2  =  1 and C is its boundary. 

c) Show that (i) ∇. (𝐴 × 𝐵⃗ ) =  𝐵⃗ . (∇ × 𝐴 ) − 𝐴 . (∇ × 𝐵⃗ ) (ii)  ∇(𝐴 . 𝐵⃗ ) = (𝐵⃗ . ∇)𝐴 +

     (𝐴 . ∇)𝐵⃗ + 𝐵⃗ × (∇ × 𝐴 ) + 𝐴 × (∇ × 𝐵⃗ ).                                                      (14+12+14)                                                                                                                                            

 

9. a) If  A⃗⃗   is a differentiable vector function and ϕ is a differentiable scalar function,  

     then show that div (ϕA⃗⃗ ) = grad ϕ. A⃗⃗  + ϕ div A⃗⃗  . 

b) Find the equation of the tangent plane to the surface 𝑥𝑦𝑧 = 4 at the point (1, 2, 2) on 



    it. 

c) Evaluate ∬ 𝐹  .  𝑛⃗ 
𝑆

 𝑑𝑆, where 𝐹  =  (𝑥 + 𝑦2)𝑖  −  2𝑥𝑗  +  2𝑦𝑧𝑘⃗  and S is the surface of 

    the plane 2𝑥 +  𝑦 +  2𝑧 =  6 in the first octant.  

d) State Gauss divergence theorem. Verify divergence theorem for 

𝐹  =  (𝑥2  −  𝑦𝑧)𝑖  +  (𝑦2  −  𝑧𝑥)𝑗  +  (𝑧2  −  𝑥𝑦)𝑘⃗  
                taken over the rectangular parallelopiped  0 ≤ 𝑥 ≤ 𝑎, 0 ≤ 𝑦 ≤ 𝑏, 0 ≤ 𝑧 ≤ 𝑐.  

 

                                                                                                                       (6+6+13+15) 
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