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Time: 2:00 Hours                                                                                                                                  Marks:50 
Instructions:  
1.  All questions are compulsory. 
2.  Figures to the right indicate marks. 

Que.1 Answer any two.                                                                                 
(1) Define: Divergence of a vector function. If 𝑓 ̅and 𝑔̅ are vector functions defined 

on the domain D, whose first order partial derivatives exist then prove that 
 𝑑𝑖𝑣(𝑓̅ × 𝑔̅) = 𝑔̅ ∙ 𝑐𝑢𝑟𝑙𝑓̅ − 𝑓̅ ∙ 𝑐𝑢𝑟𝑙𝑔̅.                                       
(2) Define: Irrotational function. If 𝑓̅ = (𝑥3, 𝑦3, 𝑧3) then show that 𝑓 ̅is irrotational 

function and 𝑔𝑟𝑎𝑑(𝑑𝑖𝑣𝑓̅) = 6𝑟̅. 
(3) Define: Laplace equation. Prove that 𝐻 = 𝑒−𝜆𝑥(𝑐1𝑠𝑖𝑛𝜆𝑦 + 𝑐2𝑐𝑜𝑠𝜆𝑦)  satisfies 

the Laplace equation, where 𝜆, 𝑐1, 𝑐2 are constants.  

(10) 

Que.2 Answer any two.                                                                                 

(1) Evaluate ∬ (𝑥2 + 𝑦2)
𝑅

𝑑𝑥𝑑𝑦, where R is a square bounded by lines 
  𝑦 = 𝑥, 𝑦 = −𝑥, 𝑥 − 𝑦 = 2, 𝑥 + 𝑦 = 2. 

(2) Prove that: ∭ (𝑥2 + 𝑦2 + 𝑧2)5𝑑𝑥𝑑𝑦𝑑𝑧 =
4𝜋𝑎13

13𝑅
, where R is 

  𝑥2 + 𝑦2 + 𝑧2 = 𝑎2. 
(3) Change the order of integration in ∫ ∫ 𝑓(𝑥, 𝑦)𝑑𝑥𝑑𝑦

2𝑎−𝑥
𝑥2

𝑎

1

0
 and hence evaluate it. 

(10) 

Que.3 Answer any two.                                                                                 

(1) Evaluate: ∮ 𝑢̅𝑡𝑑𝑠,
𝑐

 where 𝑢̅ = 𝑦2𝑖̂ + 𝑥𝑦𝑗̂  and c is a square with vertices 
(1,1), (−1,1), (−1, −1) and (1, −1). 

(2) State and prove Green’s theorem in plane.  
(3) Verify the divergence theorem for 𝑉̅ = 𝑥𝑖̂ + 𝑦𝑖̂ + 𝑧𝑘̂ and S is a sphere  

 𝑥2 + 𝑦2 + 𝑧2 = 1. 

(10) 

Que.4 Answer any two.                                                                                

(1) Prove that : 𝛽(𝑝, 𝑞) = ∫
𝑥𝑝−1+𝑥𝑞−1

(1+𝑥)𝑝+𝑞

1

0
𝑑𝑥 ; 𝑝 > 0, 𝑞 > 0. 

(2) Define: Gamma function. Prove: ∫ 𝑠𝑖𝑛𝑚𝜃𝑐𝑜𝑠𝑛𝜃𝑑𝜃 =
Γ(

𝑚+1

2
)Γ(

𝑛+1

2
)

2Γ(
𝑚+𝑛+2

2
)

𝜋

2
0

. 

(3) Prove that ∫ 𝑥5

√1−𝑥4
𝑑𝑥 =

𝜋

8
.

1

0
 

(10) 

Que.5 Answer any two.                                                                                
(1) If 𝑓 ̅and 𝑔̅ are irrotational functions on D then show that 𝑓̅ × 𝑔̅ is a solenoidal 

function.  

(2) Evaluate: ∮ 𝑒−𝑥𝑠𝑖𝑛𝑦𝑑𝑥 + 𝑒−𝑥𝑐𝑜𝑠𝑦𝑑𝑦
𝑐

 ; where c is a rectangle with vertices 

(0,0), (0,
𝜋

2
) , (𝜋,

𝜋

2
) and (𝜋, 0). 

(3) Prove: 𝛽(𝑝, 𝑞) =
Γ(𝑝)Γ(𝑞)

Γ(𝑝+𝑞)
 ;  𝑝 > 0, 𝑞 > 0. 

(10) 
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