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MATHEMATICS 
GMAT4B04T: MULTIVARIABLE AND VECTOR CALCULUS II 

 
Time: 2 ½ Hours        Maximum Marks: 80  
 

SECTION A: Answer the following questions. Each carries two marks. 
(Ceiling 25 marks) 

1. 𝑤 = 𝑥ଶ + 𝑥𝑦 + 𝑦ଶ + 𝑧ଷ, 𝑥 = 2𝑡, 𝑦 = 𝑒௧, 𝑧 = 𝑐𝑜𝑠2𝑡. Find
ௗ௪

ௗ௧
. 

2. Find gradient of𝑓 = 𝑥ଶ𝑦𝑧. 

3. Find the directional derivative of 𝑓(𝑥, 𝑦) =  
௫ା௬

௫ି௬
 at (2,1) in the direction of 𝑣 = 𝑖 + 3𝑗. 

4. Find the equation of the normal line to the curve 2𝑥 + 𝑦 − 𝑒௫ି௬ = 2 at(1,1). 

5. Find the critical points of𝑓(𝑥, 𝑦) = 𝑥ଶ + 𝑦ଶ − 4𝑥 − 6𝑦 + 17. 

6. Evaluate ∫ ∫ (3𝑥ଶ𝑦) 𝑑𝑥 𝑑𝑦.
ଶ

ଵ

ଵ
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7. State Fubini's theorem for rectangular regions. 

8. Evaluate ∫ ∫ ∫
ଵ

௫௬௭
𝑑𝑧 𝑑𝑦 𝑑𝑥.
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9. Find the divergence of𝐹⃗ = 𝑥𝑦𝑐𝑜𝑠𝑦𝚤̂ + 𝑦𝑠𝑖𝑛x𝚥̂ + 𝑧𝑥𝑘෠. 

10. State vector form of Green's theorem. 

11. Find the curl of𝑥ଶ𝑦ଷ𝚤̂+x𝑧ଶ𝑘෠. 

12. What is an oriented surface? Give an example of a non-oriented surface. 

13. Find the Jacobian J(u,v) of the transformation u=x-y and v=2x+y. 

14. Find the equation of the tangent plane to the curve𝑧 = 9𝑥ଶ + 4𝑦ଶ 𝑎𝑡 (−1,2,2,5). 

15. Write the parametric equations of a cone. 

SECTION B: Answer the following questions. Each carries five marks. 
(Ceiling 35 marks) 

16. Find a vector giving the direction in which the function f increases most rapidly. What is the 

maximum rate of increase of 𝑓(𝑥, 𝑦) = ඥ𝑥𝑦 cos 𝑧 , 𝑃(4,1, 𝜋 4).⁄  

17. Find and classify the relative extrema and saddle points of 𝑓(𝑥, 𝑦) = 𝑥ଶ − 6𝑥 − 𝑥ඥ𝑦 + 𝑦. 

18. Find 3 positive real numbers whose sum is 300 and product is as large as possible. 

19. Use double integrals to find the area enclosed by one loop of the 3 petalled rose,𝑟 =

𝑠𝑖𝑛3𝜃. 

(P.T.O.) 



20. Evaluate∬ ඥ𝑥ଶ + 𝑦ଶ𝑑𝐴
ோ

, where R is the region in the first quadrant bounded by the 

circles 𝑥ଶ + 𝑦ଶ = 4 and the lines𝑦 = 0 andy=√3 x. 

21. Find the volume of the solid S that lies below the hemisphere 𝑧 = ඥ9 − 𝑥ଶ − 𝑦ଶabove the 

x-y plane and the cylinder 𝑥ଶ + 𝑦ଶ = 1. 

22. State and prove Green’s theorem for simple regions. 

23. Evaluate∫ 𝑦𝑧 𝑑𝑥 − 𝑦𝑐𝑜𝑠𝑥 𝑑𝑦 + 𝑦 𝑑𝑧,
஼

 

where 𝐶 is the curve 𝑥 = 𝑡, 𝑦 = 𝑐𝑜𝑠𝑡, 𝑧 = 𝑠𝑖𝑛𝑡, 0 ≤ 𝑡 ≤
𝜋

2
. 

SECTION C: Answer any two questions. Each carries ten marks. 

24. Find the surface area of the part of the plane 2𝑥 + 3𝑦 + 𝑧 = 12  that lies above the 

rectangular region R={(x,y)| 0 ≤ x  ≤ 2, 0 ≤ y ≤1}. 

25. Find the mass and centre of mass of the lamina, occupying the region D in the first 

quadrant bounded by the circle𝑥ଶ + 𝑦ଶ = 1, 𝑝(𝑥, 𝑦)ඥ𝑥ଶ + 𝑦ଶ. 

26. Let 𝐹 ሬሬሬ⃗ =y𝑧ଶ𝚤̂+ x𝑧ଶ 𝚥ෝ+ 2xyz 𝑘෠. Show  that 𝐹⃗ is conservative and find the potential function  f 

such that 𝐹 ሬሬሬ⃗ =∇f. Also find the work done by 𝐹⃗  in moving a particle along any path from 

(0,0,1) to (1,3,2). 

27. Compute  ∬ 𝐹⃗
ௌ

 . 𝑛ሬ⃗    dS  given that 𝐹 ሬሬሬ⃗ (x,y,z)=(x+sinz) 𝚤̂ +(2y+cosx) 𝚥̂ +(3z+tany) 𝑘෠ 

            and S is the unit sphere 𝑥ଶ+𝑦ଶ+𝑧ଶ=4. 

(2 × 10 =20 Marks) 
 

 


