
 

Candidates are required to give their answer in their own words as far as practicable. The figures in 
the margin  indicate full marks. 

                          Group A   

Attempt all the questions         [6(2+2)=24] 

1. a. Find the limit lim௧→ஶ ቀ𝑒ିଷ௭𝑖 ሬ⃗ +
𝑡2

𝑠𝑖𝑛2𝑡
𝑗⃗ + 𝑐𝑜𝑠2𝑡𝑘 ሬሬ⃗ ቁ . 

     b. Find the length of the curve 𝒓(𝑡) = 𝒊 + 𝑡ଶ𝐣 + 𝑡ଷ𝒌,       0 ≤ 𝑡 ≤ 1. 

2. a.Find the unit tangent vector of 𝑟(𝑡) = (1 + 𝑡ଷ)𝚤 ሬ⃗ + 𝑡𝑒ି௧𝚥 + 𝑠𝑖𝑛2𝑡 𝑘ሬ⃗ , at the point where 𝑡 = 0. 

     b. Find the domain of the function 
ඥ௬ି௫మ

ଵି௫మ
. 

3. a.Show that the function 𝑢(𝑥, 𝑦) = 𝑒௫𝑠𝑖𝑛𝑦 satisfy the Laplace's equation. 

     b. Calculate 𝑓௫௫௬௭  if  𝑓(𝑥, 𝑦 𝑧 ) = sin(3𝑥 + 𝑦𝑧 ) . 

4. a. Evaluate the iterated integral ∫ ∫ 𝑥𝑦 𝑑𝑥 𝑑𝑦.
ଶ௬

௬

ଶ

଴
  

     b. Change from rectangular coordinate to spherical form of ൫−√3, −3, −2൯. 

5. a. Find the Jacobian of transformation of 𝑥 = 5𝑢 − 𝑣, 𝑦 = 𝑢 + 3𝑣. 

     b. Find the Curl of  F( x, y ) =𝑥e௬𝐣 + e௭ y 𝐤. 

6. a. If 𝐹 ሬሬሬ⃗ (𝑥, 𝑦, 𝑧) = 𝑥𝑧𝚤 + 𝑥𝑦𝚥 − 𝑦ଶ𝑘ሬ⃗ , 𝑓𝑖𝑛𝑑 𝑑𝑖𝑣𝐹 .ሬሬሬሬ⃗  

     b. Is the vector field Fሬ⃗ (𝑥 , 𝑦, 𝑧 ) = 2𝑥𝑦 𝚤 + (𝑥ଶ + 2𝑦𝑧)𝚥 + 𝑦ଶ𝑘ሬ⃗        conservative? Justify it. 
 

Group B      

Attempt all the questions         [4×13=52] 

7. If 𝑢ሬ⃗  and 𝑣⃗ are differentiable vector function then prove that 
ௗ[௨ሬሬ⃗ (௧)×௩ሬ⃗ (௧)]

ௗ௧
= 𝑢ሬ⃗ ᇱ(𝑡) × 𝑣⃗(𝑡) + 𝑢ሬ⃗ (t)× 𝑣⃗ᇱ(𝑡). 

8. A particle moves with position function 𝑟(𝑡) = 〈𝑡, 𝑡ଶ, 3𝑡〉. Find the tangencial and normal components 
of acceleration. 

9. Find the equation of tangent plane to the given surface  𝑧 = 𝑦 cos(𝑥 − 𝑦)at the given point  
   (2, 2, 2). 

OR 

  Find first partial derivative of the function 𝑓(𝑥, 𝑦) =
௔௫ା௕௬

௖௫ାௗ௬
. 

10. The Kinectic energy of body with mass m and velocity v is K = 
ଵ

ଶ
𝑚𝑣ଶ. Show that 

ఋ୏

ఋ௠
.

ఋమ୏

ఋ௩మ
= 𝐾    

11. If 𝑧 = 𝑓(𝑥, 𝑦) has continuous second order partial derivatives and 𝑥 = 𝑟ଶ + 𝑠ଶand 𝑦 = 2𝑟𝑠, find     

      
డ௭

డ௥
, 

డమ௭

డ௥మ. 
12. Find the volume of the solid that lies under the paraboloid 𝑧 = 𝑥ଶ + 𝑦ଶand above the region D in the    
     xy-plane bounded by the line 𝑦 = 2𝑥 and parabola 𝑦 = 𝑥ଶ. 
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13. Evaluate the line of integral ∫ ൫𝑥ଶ𝑦ଷ − √𝑥൯𝑑𝑦
େ

 ,where C is the arc of the curve 𝑦 =

√𝑥 form ( 1,1) to ( 4 , 2 ). 

14. Evaluate the triple integral ∭ 𝑥𝑦𝑧ଶ
஻

𝑑𝑉, where B is the rectangular box given by 𝐵 = {(𝑥, 𝑦, 𝑧):  0 ≤

𝑥 ≤ 1, −1 ≤ 𝑦 ≤ 2,0 ≤ 𝑧 ≤ 3}. 

15. Let  X  and Y be random variables defined by  

         𝑓(𝑋, 𝑌) = ൜0.1𝑒ି(଴.ହ௫ା଴.ଶଽ)

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
     𝑖𝑓 𝑋 ≥ 0, 𝑌 ≥ 0
.

 

Verify that  f  is joint  density  function. Find 𝑃(𝑌 ≥ 1)𝑎𝑛𝑑 𝑃(𝑋 ≤ 2, 𝑌 ≤ 4). 
16. The integral ∫ 𝐹 ሬሬሬ⃗ . 𝑑𝑟

஼
 is independent of path in D if and only if ∫ 𝐹 ሬሬሬ⃗ . 𝑑𝑟

஼
=0, for every closed path C in D. 

OR 
If f is a function of three variables that has continuous second order partial derivatives then 𝑐𝑢𝑟𝑙(∇𝑓) = 0. 

17. Show that 𝐹(𝑥, 𝑦, 𝑧) = 𝑥𝑦𝑧ଶ𝚤 ሬ⃗ + 2𝑥ଶ𝑦𝑧ଶ𝚥 ሬሬ⃗ + 3𝑥ଶ𝑦ଶ𝑧𝑘ሬ⃗  is a conservative vector field. 

18. If 𝐹 ሬሬሬ⃗ = 𝑃𝚤 + 𝑄𝚥 + 𝑅𝑘ሬ⃗  is a vector field on 𝑅ଷ and P,Q, and R have continuous second order partial 

derivatives, then 𝑑𝑖𝑣 𝑐𝑢𝑟𝑙𝐹 ሬሬሬ⃗ = 0. 

19. Verify the Divergence Theorem for the vector field F(𝑥, y, z )= 3𝑥 𝒊 + 𝑥𝑦 𝐣 +  2𝑥𝑧 𝒌 , on the region E 
bounded by the planes  𝑥 = 0, 𝑥 = 1 , 𝑦 = 0, 𝑦 = 1, 𝑧 =   0 & 𝑧 = 1      

 
Group  C  

Attempt all the questions            [6×4=24] 

20. Prove that for plane curve, curvature is 𝜅(𝑡) =
|௙"(௫)|

[ଵା(௙ᇲ(௫)మ]
య
మ

   . 

     Find the curvature of the 𝑟(𝑡) = 〈𝑡, 𝑡ଶ, 𝑡ଷ〉 at the point (1, 1, 1). 
21. If 𝑢 = 𝑓(𝑥, 𝑦), where 𝑥 = 𝑒௦𝑐𝑜𝑠𝑡 𝑎𝑛𝑑 𝑦 = 𝑒௦𝑠𝑖𝑛𝑡, show that 

      
డమ௨

డ௫మ
+

డమ௨

డ௬మ
= 𝑒ିଶ௦[

డమ௨

డ௦మ
+

డమ௨

డ௧మ
]. 

OR 
If 𝑧 = 𝑓(𝑥, 𝑦) is a differential function of  x and y  where  x and y are function of  t ,then z is a function of 

t and  
ௗ௭

ௗ௧
=

ఋ௙

ఋ௫
 .

ௗ௫ 

ௗ௧
+

ఋ௙

ఋ௬
 .

ௗ௬

ௗ௧
  

22. Find the volume of the solid bounded by the plane 𝑧 = 0 and the paraboloid 𝑧 = 1 − 𝑥ଶ − 𝑦ଶ. 
23. State and prove Green's theorem. 
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