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SECTION – A           (10×2=20) 

        ANSWER ANY TEN QUESTIONS 

 

1. Define scalar field and give an example. 

2. If 𝜙(𝑥, 𝑦, 𝑧) = 𝑥𝑦3 + 3𝑥𝑧2 then find grad 𝜙 at the point (1, -2, 3). 

3. Prove that 𝑐𝑢𝑟𝑙 𝑟 = 0  where 𝑟 = 𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧𝑘̂. 

4. Determine the constant 𝑎 so that the vector 𝑉⃗⃗ = (2𝑥 + 3𝑦) 𝑖̂ + (3𝑦 − 2𝑧) 𝑗̂ + (𝑥 + 𝑎𝑧) 𝑘̂ is  

       solenoidal. 

5. Calculate the work done by the force 𝐹⃗ = 2𝑦 𝑖̂ + 𝑥𝑦 𝑗 ̂lb in moving an object along a 

       straight line from 𝐴(0, 0, 0) to 𝐵(2, 1, 0) ft. 

6. If S is any closed surface enclosing a volume V and 𝐹⃗ = 𝑥𝑖̂ + 2𝑦𝑗̂ + 3𝑧𝑘̂ then prove that 

        ∬ 𝐹⃗. 𝑛̂ 𝑑𝑆
⬚

𝑆
= 6𝑉. 

7. Define Laplace’s equation. 

8. If 𝑓 = (𝑥 + 𝑦 + 1)𝑖̂ + 𝑗̂ + (−𝑥 − 𝑦)𝑘̂ then prove that 𝑓 ∙ 𝑐𝑢𝑟𝑙 𝑓 = 0.  

9. Find the unit normal to the surface 𝑥2 − 𝑦2 + 𝑧 = 2 at the point (1, −1, 2). 

10. Define orthogonal curvilinear coordinate system. 

11. Find the unit tangent vector to any point on the curve 𝑥 = 𝑎 cos 𝑡 , 𝑦 = 𝑎 sin 𝑡 , 𝑧 = 𝑏𝑡. 

12. Prove that ∮ 𝑟 ∙ 𝑑𝑟 = 0
⬚

𝐶
. 

SECTION – B    (5×8=40) 

ANSWER ANY FIVE QUESTIONS 

 

13. If 𝐴(𝑡) = 3𝑡2 𝑖̂ − (𝑡 + 4)𝑗̂ + (𝑡2 + 2𝑡)𝑘̂ and 𝐵⃗⃗(𝑡) = 2 sin 𝑡  𝑖̂ + 3𝑒−𝑡 𝑗̂ + 3 cos 𝑡 𝑘̂ then 

       find 
𝑑

𝑑𝑡
(𝐴 × 𝐵⃗⃗) at 𝑡 = 0. 

14. Prove that 𝑐𝑢𝑟𝑙 𝑔𝑟𝑎𝑑 𝜙 = 0 and 𝑑𝑖𝑣 𝑐𝑢𝑟𝑙 𝐴 = 0 where 𝐴 = 𝐴1 𝑖̂ + 𝐴2 𝑗̂ + 𝐴3 𝑘̂. 

15. Find the values of the constants a, b, c so that the directional derivative 𝜙 = 𝑎𝑥𝑦2 + 𝑏𝑦𝑧 + 

        𝑐𝑧2𝑥3 at (1, 2, -1) has maximum of magnitude 64 in a direction parallel to z-axis. 

16. Evaluate by Stoke’s theorem ∮ (𝑒𝑥 𝑑𝑥 + 2𝑦 𝑑𝑦 − 𝑑𝑧)
⬚

𝐶
 where C is the curve  

         𝑥2 + 𝑦2 = 4, 𝑧 = 2. 
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17. Find the total work done in moving a particle in a force field given by 

        𝐹⃗ = 3𝑥𝑦 𝑖̂ − 5𝑧 𝑗̂ + 10𝑥 𝑘̂   along the curves 𝑥 = 𝑡2 + 1, 𝑦 = 2𝑡2, 𝑧 = 𝑡3 from 𝑡 = 1 to  

         𝑡 = 2. 

18. Discuss physical interpretation of curl. 

19. If f and 𝑔 are two scalar point functions the prove that ∇ (
𝑓

𝑔
) =

𝑔 ∇ 𝑓 − 𝑓 ∇ 𝑔

𝑔2 . 

 

                                 SECTION – C    (2×20=40) 

ANSWER ANY TWO QUESTIONS 

20. a) If 𝑟 = |𝑟| where 𝑟 = 𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧𝑘̂ then prove that (i) ∇ log|𝑟| =
𝑟

𝑟2  and  

            (ii) ∇𝑟𝑛 = 𝑛𝑟𝑛−2𝑟. 

       b) If 𝐴 = 𝑥2𝑧 𝑖̂ + 𝑦𝑧3𝑗̂ − 3𝑥𝑦 𝑘̂, 𝐵⃗⃗ = 𝑦2 𝑖̂ − 𝑦𝑧 𝑗̂ + 2𝑥 𝑘̂ and 𝜙(𝑥, 𝑦, 𝑧) = 2𝑥2 + 𝑦𝑧 then  

            find (i) 𝐴 ∙ (∇𝜙)  and (ii) (𝐴 ∙ ∇)𝐵⃗⃗ .                (10 + 10) 

                                                                                    

     21.  a) If 𝑤⃗⃗⃗ is a constant vector and 𝑣⃗ = 𝑤⃗⃗⃗ × 𝑟 where 𝑟 = 𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧𝑘̂ and 𝑤⃗⃗⃗ = 𝑤1𝑖̂ + 𝑤2 𝑗̂ + 

                    𝑤3𝑘̂. Prove that (i) 𝑤⃗⃗⃗ =
1

2
𝑐𝑢𝑟𝑙 𝑣⃗ and (ii) 𝑑𝑖𝑣 𝑣⃗ = 0. 

            b) Verify Green’s theorem in the plane for ∮ (𝑥𝑦 + 𝑦2)𝑑𝑥 + 𝑥2𝑑𝑦
⬚

𝐶
 where C is the closed  

                  curve of the region bounded by 𝑦 = 𝑥 and 𝑦 = 𝑥2.                                         (8 + 12) 

 

22. a) Derive divergence in terms of curvilinear coordinates.   

      b) Prove that 𝑟𝑛𝑟 is solenoidal only when 𝑛 + 3 = 0.                                     (12 + 8) 
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