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

Group A  

Attempt all questions [4x6 = 24] 

1. Use the Lagrange multiplier to find the maximum and minimum value of the functions subject 
to the given function 𝑓(𝑥, 𝑦) = 4𝑥 + 6𝑦  ;  𝑥ଶ + 𝑦ଶ = 13 . 

2. ∭
ோ

 𝑥𝑦𝑑𝑉, where 𝐸 is bounded by the parabolic cylinders 𝑦 = 𝑥ଶ and 𝑥 = 𝑦ଶ and the planes 

𝑧 = 0 and 𝑧 = 𝑥 + 𝑦 . 
3. Let C be a positively oriented, piecewise-smooth, simple   closed curve in the plane and let D 

be the region bounded by C. If P and Q have continuous partial derivatives on an open region 
that contains D, then prove the relation. 

න 𝑃𝑑𝑥 + 𝑄𝑑𝑦 = ඵ ൬
𝜕𝑄

𝜕𝑥
−

𝜕𝑃

𝜕𝑦
൰



𝑑𝐴 

4. Find the mass and center of mass of the lamina that occupies the region D  and has the given 
density function ρ, where 

 𝐷 =  {(𝑥, 𝑦) ∶ 0 ≤ 𝑥 ≤ 2, −1 ≤ 𝑦 ≤ 1 } ;  𝜌(𝑥, 𝑦) = 𝑥𝑦ଶ. 
OR 

Suppose F is a vector field that is continuous on an open connected region D. If ∫ 𝑭. 𝑑𝒓


 is 

independent of path in D, then F is a conservative vector field on  D ; that is, there exists a f 
function such that ∇𝑓 = 𝐅.. 

Group B  

Attempt all questions [6x4 = 24] 

5. Find the equation tangent plane to the given surface  𝑧 = 2𝑥ଶ + 𝑦ଶ at (1,1,3). If z=f(x, y) is a 

differential function of x and y, where x = g(t) and y = h(t) are differentiable function of t,  then 

z is a differential function of t and ௗ௭

ௗ௧
=

డ

డ௫
.

ௗ௫

ௗ௧
+

డ

డ௬
.

ௗ௬

ௗ௫

 .   

6. Define the triple integral in polar form. Evaluate∬ (3𝑥 + 4𝑦ଶ)𝑑𝐴
ோ

 , where R is the region in 

the upper half-plane bounded by the circles 𝑥ଶ + 𝑦ଶ = 1  and 𝑥ଶ + 𝑦ଶ = 4. 
7. Show that 𝑓(𝑥, 𝑦) = 𝑥𝑒௫௬  is the differentiable at (1, 0 ) and find its linearization there. Then 

use it to approximate 𝑓(1.1, −0.1). 
OR 

The pressure, volume and the temperature of a mole of an ideal gas are related by the equation 
𝑃𝑉 = 8.31𝑇 where P is measured in Kilopascal V in liters and T in kelvin. Use the differential 
to find the approximate change in the pressure if the volume increase from 12L to 12.3L and 
the temperature decrease from 310k to 305k. 
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8. Estimate the double integral ∬ 𝑓(𝑥, 𝑦)𝑑𝐴
ோ

 with m = n = 4 by choosing the sample point to be 

the points farthest form the origin.    

        y 
       x 

0 1 2 3 4 

1.0 2 0 -3 -6 - 5 
1.5 3 1 -4 -8 -6 
2.0 4 3 0 -5 -8 
2.5 5 5 3 -1 -4 
3.0 7 8 6 3 0 

9. The voltage V in a simple electrical circuit is slowly decreasing as the battery wears out. The 
resistance R is slowly increasing as the resistor heats up. Use Ohm's Law V=I R , to find how 

the current I is changing at the moment when R = 400Ω, I=0.08 A, 
ௗ

ௗ௧
= −0.01 𝑉/𝑠 and   

ௗோ

ௗ௧
= 0.03 Ω/𝑠.  

10. Find the potential function for 𝑭(𝑥, 𝑦) = 〈2𝑥𝑦ଷ, 3𝑥ଶ𝑦ଶ + cos 𝑦〉 thereby showing that F  is 
conservative. 

Group C  

Attempt any six questions [6x2 = 12] 

11. Find the domain of the following functions 𝑓(𝑥, 𝑦) =
ඥ௫ା௬ାଵ

௫ିଵ
. 

12. Show that the function 𝑓(𝑥, 𝑦) =
ଶ௫మ௬

௫రା௬మ
 has no limit as (x, y) approaches (0,0). 

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

14. Verify the Clairaut’s Theorem for  𝑢 = ln(2𝑥 + 3𝑦). 
15. Estimate the volume of the solid that lies below the surface 𝑧 = 𝑥𝑦 and above the rectangle 

𝑅 =  {(𝑥, 𝑦): 0 ≤ 𝑥 ≤ 6, 0 ≤ 𝑦 ≤ 4}. 

Use the Riemann sum with m = 3, n = 2, and take the sample point to be the upper right            
corner of each square. 

16. Evaluate the integral ∭
ோ

 (𝑥𝑦 + 𝑧ଶ)𝑑𝑉, where 

𝐸 = {(𝑥, 𝑦, 𝑧), 0 ≤ 𝑥 ≤ 2, 0 ≤ 𝑦 ≤ 1, 0 ≤ 𝑧 ≤ 3}. 

17. Evaluate ∫ ∫ x
୶


e

ష౮మ

౯ dxdy
ஶ


 by changing the order of integration. 

18. Find the divergence, and curl of the given vector point function  𝑓 = 𝑥ଶ𝑧𝚤 − 2𝑦ଷ𝑧ଶ𝚥+𝑥𝑦ଶ𝑧𝑘ሬ⃗ ) at the 

point (1, -1, 1).                   
The End 


