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Attempt any four questions. All questions carry equal marks. 

 

1.  Let 𝑓(𝑥, 𝑦) = ൝
௬య

௫మା௬మ , (𝑥, 𝑦) ≠ (0,0)

0,           (𝑥, 𝑦) = (0,0)

  

     Is the function 𝑓  continuous at (0,0)? Justify your answer. 

     Find an equation for the tangent plane to the surface 𝑧 = 𝑓(𝑥, 𝑦) defined above at the point 𝑃଴ ቀ1, 2,
଼

ହ
ቁ. 

     Also find the directional derivative of 𝑓(𝑥, 𝑦) at 𝑃଴(1,2) in the direction of  𝐯 = 3𝒊 − 2𝒋. 

2. Find the critical point and classify each point as a relative minimum, relative maximum, or a saddle point 
of  

                                 𝑓(𝑥, 𝑦) = 𝑥𝑦𝑒ି଼(௫మା௬మ). 

     Find the maximum and minimum values of 𝑓(𝑥, 𝑦, 𝑧) = 𝑥𝑦𝑧 subject to the constraint 
                                    𝑥ଶ + 2𝑦ଶ + 4𝑧ଶ = 24. 

     Where is the function 𝑓(𝑥, 𝑦) = ඥ𝑥ଶ + 𝑦ଶ differentiable? 

3. Compute  ∬ோ  𝑥𝑒௫௬𝑑𝐴  where 𝑅 is the rectangle 0 ≤ 𝑥 ≤ 1, 1 ≤ 𝑦 ≤ 2, using iterated integrals in both 

orders. 

     Evaluate ∬ோ  6𝑥ଶ𝑦 𝑑𝐴  if  𝑅 is the region bounded between the curves 𝑦 = 𝑥, 𝑦 = 1 and 4𝑦 = 𝑥ଶ. 

     Find the area of the region bounded between the curves  𝑟ଵ(𝜃) = 2 + sin3𝜃  and 𝑟ଶ(𝜃) = 4 − cos3𝜃. 

4. Find the mass of the ellipsoid 4𝑥ଶ + 4𝑦ଶ + 𝑧ଶ = 16  lying above the 𝑥𝑦-plane if the density is given          
by 𝛿(𝑥, 𝑦, 𝑧) = 𝑧.  

     Determine the centroid of the solid bounded above by the sphere  𝑥ଶ + 𝑦ଶ + 𝑧ଶ = 1 and below by the 𝑥𝑦-
plane plane where the density is given by  𝛿(𝑥, 𝑦, 𝑧) = 𝑧. 
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       Compute ∫ ∫ 𝑥ଶ𝑦 𝑑𝑥 𝑑𝑦
ଵ

଴

ଵ

଴
 by changing 𝑢 = 𝑥 and 𝑣 = 𝑥𝑦. 

5. Evaluate ∮ (𝑥ଶ𝑧𝑑𝑥 − 𝑦𝑥ଶ𝑑𝑦 + 3𝑑𝑧)
஼

  where 𝐶 is the boundary of the triangle with vertices 
(0, 0, 0), (1, 1, 0) and ( 1, 1, 1). 

     Find a non-zero function ℎ for which         

𝑭(𝑥, 𝑦) = ℎ(𝑥)(𝑥 sin 𝑦 + 𝑦 cos 𝑦)𝒊 + ℎ(𝑥)(𝑥 cos 𝑦 − 𝑦 sin 𝑦)𝒋 

     is conservative.  

    Using line integral, find the area of the region enclosed by the asteroid  

                                 𝑥 = 𝑎 cosଷ 𝑡,   𝑦 = 𝑎 sinଷ 𝑡 (0 ≤ 𝑡 ≤ 2𝜋). 

6. Find the mass of the lamina that is the portion of the paraboloid 𝑧 = 𝑥ଶ + 𝑦ଶ  that lies below the plane 
 𝑧 = 2 with constant density 𝛿଴. 

    Verify Stokes’ Theorem if  𝑭(𝑥, 𝑦, 𝑧) = (𝑥 − 𝑦)𝒊 + (𝑦 − 𝑧)𝒋 + (𝑧 − 𝑥)𝒌 and 𝑆 be the portion of the plane 
𝑥 + 𝑦 + 𝑧 =  1 in the first octant assuming that the surface has an upward orientation.  

    Using the Divergence Theorem, evaluate ∬ 𝑭. 𝑵𝑑𝑆
ௌ

, where 𝑭(𝑥, 𝑦, 𝑧) = (𝑧ଷ𝒊 − 𝑥ଷ𝒋 + 𝑦ଷ𝒌) and 𝑆 is the 
sphere 𝑥ଶ+𝑦ଶ + 𝑧ଶ = 𝑎ଶ, with outward unit normal vector 𝑵.  
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