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MATHEMATICAL METHODS  
  (MATH 2001) 
 
Time Allotted : 3 hrs       Full Marks : 70 

 
Figures out of the right margin indicate full marks. 

 

Candidates are required to answer Group A and 
any 5 (five) from Group B to E, taking at least one from each group. 

 

Candidates are required to give answer in their own words as far as 
practicable. 

 

Group – A 
(Multiple Choice Type Questions) 

 

 
1.  Choose the correct alternative for the following:  10 × 1 = 10 
 

(i)  The value of the integral ∮


௭ିଶ
 𝑑𝑧


, where 𝐶: |𝑧 − 2| = 4 is 

  (a) 2𝜋𝑖  (b) 2𝜋𝑖𝑒ଶ  (c)𝜋𝑖   (d)  𝜋𝑖 𝑒.   

(ii)   If   𝑓(𝑧) = 𝑢(𝑥, 𝑦) − 𝑖𝑣(𝑥, 𝑦)  is analytic, then 𝑓′(𝑧) equals to 

  (a) 
డ௨

డ௫
− 𝑖

డ௨

డ௬
  (b)  

డ௨

డ௫
+ 𝑖

డ௨

డ௬
  

  (c)   
డ௩

డ௬
+ 𝑖

డ௩

డ௫
   (d)   

డ௨

డ௫
− 𝑖

డ௩

డ௬
. 

 

(iii)  If the function 𝑓(𝑧) is not analytic at 𝑧 = 0; then 𝑧 = 0 is called a 
  (a) ordinary point (b)  singular point  

 (c) zero of 𝑓(𝑧)  (d)  none of these. 
 

(iv) If 𝐹(𝑠) be the Fourier transform of 𝑓(𝑥), then the Fourier transform 
of 𝑓(𝑥 − 𝑎) is  

  (a) 𝑒௦𝐹(𝑠)  (b) 𝐹(𝑠)                (c) 𝑒௦𝐹(𝑠)                (d) 𝑒ି௦𝐹(𝑠). 
(v) If 𝑓(𝑥) = 𝑥ଶ, −𝜋 ≤ 𝑥 < 𝜋 be expanded in Fourier Series as                    

బ

ଶ
+ ∑ (𝑎 𝑐𝑜𝑠 𝑛𝑥 + 𝑏 𝑠𝑖𝑛 𝑛𝑥)ஶ

ୀଵ   then bଵis   

  (a)0   (b) 1 (c) 
ଵ

ଶ
    (d) −

ଵ

ଶ
  

(vi) The solution of the differential equation (1 − 𝑥ଶ)𝑦" − 2𝑥𝑦′ + 12𝑦 =
0 is 

  (a) 𝑃(𝑥)     (b)  𝑃ଵ(𝑥)    (c) 𝑃ଷ(𝑥)    (d) 𝑃ସ(𝑥) 
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(vii)  Let 𝑃(𝑥) be the Legendre Polynomial, then 𝑃ଶ(𝑥)  is 
  (a) 𝑥        (b) 

ଵ

ଶ
(3𝑥ଶ − 1) 

  (c) 1      (d) 
ଵ

ଷ
(2𝑥ଶ − 1). 

  

(viii)  The solution of 𝑥𝑝 + 𝑦𝑞 = 𝑧 is  
 

  (a) 𝑓(𝑥, 𝑦)          (b) 𝑓 ቀ
௫

௬
,

௬

௭
ቁ 

  (c) 𝑓(𝑥𝑦, 𝑦𝑧)       (d)   𝑓(𝑥ଶ, 𝑦ଶ)  

(ix)  Equation 
డమ௭

డ௫మ − 2
డమ௭

డ௫డ௬
+ ቀ

డ௭

డ௬
ቁ

ଶ
= 0 is of order 

        (a) 3 (b)2 (c) 1   (d) none of these.   

(x)  If the Fourier transform of 𝑓(𝑡) be 𝐹(𝑠), then the Fourier 
transform of  𝑓(𝑡) cos 𝑎𝑡 is 

  (a)  𝐹(𝑠 + 𝑎)     (b)    
ଵ

ଶ
{𝐹(𝑠 + 𝑎) − 𝐹(𝑠 − 𝑎) }            

  (c)   
ଵ

ଶ
{𝐹(𝑠 − 𝑎) − 𝐹(𝑠 + 𝑎) }         (d)     

ଵ

ଶ
{𝐹(𝑠 + 𝑎) + 𝐹(𝑠 − 𝑎) }.  

 
       Group – B 

 
2. (a) Show that the function 𝑓(𝑧) = ඥ|𝑥𝑦| is not regular at the origin, 

although Cauchy-Riemann equations are satisfied. 
 

(b) Prove that 𝑢(𝑥, 𝑦) = 𝑒ି௫  (𝑥𝑠𝑖𝑛 𝑦 − 𝑦𝑐𝑜𝑠 𝑦) is a harmonic function. 
Find 𝑣(𝑥, 𝑦) such that 𝑓(𝑧) = 𝑢 + 𝑖𝑣 is analytic.  

6 + 6 = 12 
   

3. (a) Evaluate  ∮
௦య௭

ቀ௭ି
ഏ

ర
ቁ

య  𝑑𝑧


 where C is the circle |𝑧| = 1. 

 

(b) Find the residues of 𝑓(𝑧) =
௭

(௭ିଵ)ర(௭ିଶ)(௭ିଷ)
 at its pole and hence 

evaluate∮ 𝑓(𝑧)𝑑𝑧


, where C is the circle |𝑧| = 2.5. 
 5 + 7 = 12 

 

Group – C 
 

4. (a) If 𝑓(𝑥) = ቄ
0,  −𝜋 ≤ 𝑥 ≤ 0

 𝑠𝑖𝑛 𝑥,  0 ≤ 𝑥 ≤ 𝜋
   prove that 

 
    𝑓(𝑥) =

ଵ

గ
+

ଵ

ଶ
𝑠𝑖𝑛 𝑥 −

ଶ

గ
∑

௦ ଶ௫

ସమିଵ
ஶ
ୀଵ . 

Hence show that   ଵ

ଵ.ଷ
+

ଵ

ଷ.ହ
+

ଵ

ହ.
+ ⋯ =

ଵ

ଶ
. 
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(b) Obtain the Fourier series for the function 𝑓(𝑥) given by 

                               𝑓(𝑥) = ቐ
1 +

ଶ௫

గ
,      − 𝜋 ≤  𝑥 ≤ 0

1 −
 ଶ௫

గ
  ,       0 ≤ 𝑥 ≤ 𝜋.

   

 
7+5= 12 

5. (a) Find the Fourier  sine transform of the function 

𝑓(𝑥) = ൜
1, 𝑓𝑜𝑟 0 < 𝑥 ≤ 𝜋
0,               𝑓𝑜𝑟 𝑥 > 𝜋.

  

Hence evaluate ∫
ଵିୡ

௦
sin 𝑠𝑥 𝑑𝑠

ஶ


. 

 
(b) Find the Fourier transform of 𝑓(𝑥) = 𝑒ି|௫|, where 𝑎 > 0. Hence find 

the Fourier transform of the function 𝑓(𝑥) = 𝑒ି|௫ିଷ|.  
6 + 6 = 12 

 
 

 

Group – D 
 

6. (a) Find the power series solution of the differential equation                
2𝑥ଶ𝑦" + 𝑥𝑦′ − (𝑥 + 1)𝑦 = 0 about 𝑥 = 0. 

 

(b) Prove that  𝐽
ି 

భ

మ

(𝑥) = ට
ଶ

గ௫
𝑐𝑜𝑠 𝑥, where  𝐽(𝑥) is the Bessel’s function of 

first kind. 
   7 +5= 12 

 

7. (a) Prove the following recurrence relation for Bessel’s function using 
generating function: 

2𝐽
ᇱ (𝑥) = 𝐽ିଵ(𝑥) − 𝐽ାଵ(𝑥) 

where  𝐽(𝑥) is the Bessel’s function of first kind. 
 

(b) Show that 𝑃(−𝑥) = (−1)𝑃(𝑥). Hence deduce that  𝑃(−1) = (−1), 
where 𝑃(𝑥) is the Legendre’s polynomial of degree  𝑛.  

 

 6 + 6 = 12   

Group – E 
 

8. (a) Solve the following partial differential equation by Lagrange’s 
method: 

(𝑦 − 𝑧)𝑝 + (𝑥 − 𝑦)𝑞 = 𝑧 − 𝑥. 

(b) Solve:  
డమ௭

డ௫మ − 4
డమ௭

డ௫డ௬
+ 4

డమ௭

డ௬మ = 𝑒ଶ௫ା௬ . 

 6+6 = 12 
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9. (a) Solve the following one-dimensional heat equation by using Laplace 

transform method:    
𝜕𝑢

𝜕𝑡
= 3

𝜕ଶ𝑢

𝜕𝑥ଶ
 

with boundary conditions 𝑢 ቀ
గ

ଶ
, 𝑡ቁ = 0, ቀ

డ௨

డ௫
ቁ

௫ୀ
= 0 and initial 

condition 𝑢(𝑥, 0) = 30 cos 5𝑥. 
 

 
(b) Solve the following partial differential equation using suitable 

method: 
𝑧ଶ = 𝑝𝑞𝑥𝑦. 

 7+5 = 12 
 

 

 
 
 
 
 
 
 
 
 
 

Department & 
 Section 

Submission Link  

AEIE/CE/ECE/EE https://classroom.google.com/c/MjE4MTgwOTgzNTY0/a/Mjc0NTMyMjc2OTk3/details 


