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SECTION-A 

 Answer All the questions  (10 x 2 = 20) 

 

1. If𝐴 = 5𝑢2𝑖 + 𝑢𝑗 − 𝑢3�⃗⃗� and �⃗⃗� = 𝑠𝑖𝑛𝑢𝑖 − 𝑐𝑜𝑠𝑢𝑗, find 
𝑑

𝑑𝑢
(𝐴 ∙ �⃗⃗�). 

2. Suppose ϕ(𝑥, 𝑦, 𝑧) = 3𝑥2𝑦 − 𝑦3𝑧2. Find ∇ϕ at the point (1, −2, −1). 

3. Determine the constant a so that the following vector is solenoidal. 

�⃗⃗� = (−4𝑥 − 6𝑦 + 3𝑧)𝑖 + (−2𝑥 + 𝑦 − 5𝑧)𝑗 + (5𝑥 + 6𝑦 + 𝑎𝑧)�⃗⃗�. 

4. Find a unit normal to the surface 2𝑥𝑦2𝑧 − 𝑥2𝑦𝑧2 = 1 at the point (1,1,1). 

5. Evaluate ∫ �⃗� ∙ 𝑑𝑟
𝐶

 where �⃗� = −3𝑥2𝑖 + 5𝑥𝑦𝑗 and C is the curve in the 𝑥𝑦-plane, 

𝑦 = 2𝑥2, from (0,0) to (1,2). 

6. Define a conservative field. 

7. Write down the Frenet-Serret formulae. 

8. Define osculating plane. 

9. State Stokes’ theorem. 

10. Evaluate ∬ 𝑟 ∙ �̂� 𝑑𝑆
𝑆

 where 𝑆 is a closed surface. 

 

SECTION-B 

  Answer any FIVE questions  (5 x 8 = 40) 

 

11. A particle moves along the curve 𝑥 = 2𝑡2, 𝑦 = 𝑡2 − 4𝑡, 𝑧 = −𝑡 − 5 where 𝑡 is the time. 

Find the components of its velocity and acceleration at time 𝑡 = 1 in the direction 

𝑖 − 2𝑗 + 2�⃗⃗�. 

12. Find the acute angle between the surfaces 𝑥𝑦2𝑧 = 3𝑥 + 𝑧2 and 3𝑥2 − 𝑦2 + 2𝑧 = 1 at the 

point (1, −2,1). 

13. Find the total work done in moving a particle in the force field given by �⃗� = 𝑧𝑖 + 𝑧𝑗 +

𝑥�⃗⃗� along the helix 𝐶 is given by 𝑥 = 𝑐𝑜𝑠𝑡, 𝑦 = 𝑠𝑖𝑛𝑡, 𝑧 = 𝑡 from 𝑡 = 0 to 𝑡 =
𝜋

2
. 

14. Prove that a cylindrical coordinate system is orthogonal.  

15. Use Gauss divergence theorem to evaluate ∬ �⃗� ∙ �̂� 𝑑𝑆
𝑆

 where �⃗� = 4𝑥𝑧𝑖 − 𝑦2𝑗 + 𝑦𝑧�⃗⃗� 

and 𝑆 is the surface of the cube bounded by 𝑥 = 0, 𝑥 = 1, 𝑦 = 0, 𝑦 = 1, 𝑧 = 0, 𝑧 = 1. 

16. Suppose 𝐴 and �⃗⃗� are differential functions of a scalar u. 

Prove that (i) 
𝑑

𝑑𝑢
(𝐴 ∙ �⃗⃗�) = 𝐴 ∙

𝑑�⃗⃗�

𝑑𝑢
+

𝑑�⃗�

𝑑𝑢
∙ �⃗⃗�,     (ii) 

𝑑

𝑑𝑢
(𝐴 × �⃗⃗�) = 𝐴 ×

𝑑�⃗⃗�

𝑑𝑢
+

𝑑�⃗�

𝑑𝑢
× �⃗⃗�. 

17. Find the volume of the region common to the intersecting cylinders 𝑥2 + 𝑦2 = 𝑎2 

and  𝑥2 + 𝑧2 = 𝑎2. 
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 SECTION-C 

                                     Answer any TWO questions  (2 x 20 = 40) 

 

18. (a) Let 𝑟 = 𝑥𝑖 + 𝑦𝑗 + 𝑧�⃗⃗�.Show that (i) ∇ln|𝑟| =
𝑟

𝑟2
,       (ii) ∇𝑟𝑛 = 𝑛𝑟𝑛−2𝑟.                (10) 

(b) Show that (i) For a scalar ϕ , ∇ × (∇ ϕ) = 0 

                      (ii) For a vector 𝐴, ∇ ∙ (∇ × 𝐴) = 0.                                                          (10) 

 

19. (a) Let �⃗⃗� = (−4𝑥 − 3𝑦 + 𝑎𝑧)𝑖 + (𝑏𝑥 + 3𝑦 + 5𝑧)𝑗 + (4𝑥 + 𝑐𝑦 + 3𝑧)�⃗⃗�. Find the 

constants a, b and c so that the vector�⃗⃗� is irrotational and hence express �⃗⃗� as the 

gradient of a scalar function.                                                                                     (10) 

(b) Evaluate ∬ 𝐴 ∙ �̂� 𝑑𝑆
𝑆

 where 𝐴 = 18𝑧𝑖 − 12𝑗 + 3𝑦�⃗⃗� and S is the part of the plane          

2𝑥 + 3𝑦 + 6𝑧 = 12, which is located in the first octant.                                         (10) 

 

20. (a) Evaluate ∭ (𝑥2 + 𝑦2 + 𝑧2) 𝑑𝑥 𝑑𝑦 𝑑𝑧
𝑉

 where 𝑉 is a sphere having center at the 

origin and radius equal to  𝑎.                                                                                     (10) 

(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.                                      (10) 

 

 
     

 

 

 

 

 


