
647510 BSCmaMJ206x-3C Seat No :__________ 
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MATH: Advanced Calculus -1 (Major-6) 

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: Curl of a vector function. Prove that 

𝑐𝑢𝑟𝑙(𝜑𝑓̅) = 𝜑𝑐𝑢𝑟𝑙𝑓̅ + (𝑔𝑟𝑎𝑑𝜑) × 𝑓̅.                                       

(2) Define: Irrotational function. If 𝑓 ̅is irrotational then find 𝑎, 𝑏, 𝑐, where  

 𝑓̅ = (2𝑥 + 3𝑦 + 𝑎𝑧)𝑖̂ + (𝑏𝑥 + 2𝑦 + 3𝑧)𝑗̂ + (2𝑥 + 𝑐𝑦 + 3𝑧)𝑘̂. 

(3) If 𝑟 = |𝑟̅|, where 𝑟̅ = 𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧𝑘̂ then prove that  

(i) ∇𝑟𝑛 = 𝑛𝑟𝑛−2𝑟̅     (ii) ∇2𝑓(𝑟) = 𝑓′′(𝑟) +
2

𝑟
𝑓′(𝑟) 

(10) 

Que.2 Answer any two.                                                                                

(1) Evaluate ∬ 𝑥𝑐𝑜𝑠(𝑥 + 𝑦)𝑑𝑥𝑑𝑦
𝑅

, where 𝑅 is a triangle with vertices  

(0,0), (𝜋, 0) and (𝜋, 𝜋). 

(2) Prove that: ∬ √
1−𝑥2−𝑦2

1+𝑥2+𝑦2𝑅
𝑑𝑥𝑑𝑦 =

𝜋

4
(

𝜋

2
− 1) , where 𝑅  is the first quadrant of 

unit circle.  

(3) Evaluate: ∭
𝑑𝑥𝑑𝑦𝑑𝑧

(𝑥+𝑦+𝑧+1)3𝑅
 ; where 𝑅 is bounded by 𝑥 = 0, 𝑦 = 0, 𝑧 = 0  

and 𝑥 + 𝑦 + 𝑧 = 1. 

(10) 

Que.3 Answer any two.                                                                                 

(1) Evaluate: ∮ 𝐹̅ ∙ 𝑑𝑟̅
𝐶

 ; where 𝐹̅ = (𝑥2 + 𝑦2)𝑖̂ − 2𝑥𝑦𝑗̂  and c is a rectangle 

obtained by 𝑦 = 0, 𝑥 = 𝑎, 𝑦 = 𝑏 and 𝑥 = 0. 

(2) Find ∬ (𝑥𝑐𝑜𝑠𝛼 + 𝑦𝑐𝑜𝑠𝛽 + 𝑧𝑐𝑜𝑠𝛾)𝑑𝜎
𝑆

, where s is a hemisphere 

 𝑧 = √1 − 𝑥2 − 𝑦2. 

(3) Verify Stoke’s theorem for 𝑓̅ = (2𝑥 − 𝑦, −𝑦𝑧2, −𝑦2𝑧) and s is upper half of unit 

sphere. 

(10) 

Que.4 Answer any two.                                                                                 

(1) Define: Beta function. Prove that : 𝛽(𝑝, 𝑞) = ∫
𝑦𝑝−1

(1+𝑦)𝑝+𝑞

∝

0
𝑑𝑦 ; 𝑝 > 0, 𝑞 > 0. 

(2) Prove: 𝛽(𝑝, 𝑞) =
Γ(𝑝)Γ(𝑞)

Γ(𝑝+𝑞)
 ;  𝑝 > 0, 𝑞 > 0. 

(3) Prove:  (i)  𝑝𝛽(𝑝, 𝑞 + 1) = 𝑞𝛽(𝑝 + 1, 𝑞); 𝑝 > 0, 𝑞 > 0. 

(ii)  ∫
1

√𝑠𝑖𝑛𝜃

𝜋

2
0

𝑑𝜃 × ∫ √𝑠𝑖𝑛𝜃𝑑𝜃 = 𝜋.
𝜋

2
0

 

(10) 

Que.5 Answer any two.                                                                                 

(1) Define: Solenoidal function. If 𝑓̅  is a vector function defined on D, whose 

second order derivatives exists then prove that its curl is solenoidal.  

(2) State: Green’s theorem. Evaluate: ∮ (𝑦 − 𝑠𝑖𝑛𝑥)𝑑𝑥 + 𝑐𝑜𝑠𝑥𝑑𝑦
𝑐

 ; where c is a 

triangle formed by the lines 𝑦 = 0, 𝑥 =
𝜋

2
  and 𝑦 =

2

𝜋
𝑥. 

(3) Define: Gamma function. Prove that: Γ(𝑝) = 2 ∫ 𝑒−𝑥2
𝑥2𝑝−1∝

0
𝑑𝑥;  𝑝 > 0. 

(10) 

 
 

****************************** 


