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(Short Answers Questions) 

 
1. Find Laplace Transform of 푡 .푢(푡 − 3), where 푢(푡 − 3) is a unit step 

function. 
2. Evaluate Laplace transform of the function : 

푓(푡) = sin푎푡 − 푎푡 cos푎푡 +
sin 푡
푡  

3. Find Laplace transform of the function sin√푡 and hence obtain the Laplace 
transform of   √

√
 

4. If 푓(푡) continuous for all 푡 >  0 and is of exponential order as 푡 → ∞ and 
if 푓(푡)  is of class A, then show that : 
lim
→

푓(푡) = lim
→
푃 퐿 [푓(푡);푝] 

5. Prove that 퐿[푈(푡 − 푎); 푝] = , where 푈(푡 − 푎) is the Heaviside’s unit 
step function. 

6. Find 퐿 [푆∈(푡);푝] where 푆∈(푡) is dirac delta function and hence show that 
lim∈→  퐿[푆∈(푡);푝] = 1. 

7. Prove that 퐿
/

√
 ; 푡 =   √

√
 

8. Find 퐿
( ) /  

 ; 푡 , hence obtain the unverse Laplace transform of 

( ) / . 
9. Find inverse Laplace transform of : 

log 1 +
1
푝  표푟 log

푝 + 1
푝  

10. Find 퐿 푒 √ . 
11. Obtain inverse Laplace transform of 

( ) ( )
 using convolution 

theorem. 
12. Evaluate : 퐿 푙표푔  ; 푡 . 

13. Solve −  푦 = 1, subject to conditions 푦(0) = 푦’(0) = 푦’’(0) =
푦’’’(0) = 0. 

14. Solve :  
(2퐷 + 3퐷 − 2) 푦 = 0, 푦(0) =  1,푦(푡) → 0 푎푠 푡 → ∞. 

15. Find the solution of = 3 , given that 푢 (0, 푡) =  0,푢  , 푡 =
0 푎푛푑 푢(푥, 0) =  30 cos 5푥. 



16. Solve the boundary value problem: 
 = 푎  , (푥 > 0, 푡 > 0) with the boundary conditions: 
푢(푥, 0) =  0,   푢 (푥 , 0) = 0       ;   푥 > 0 
푢(0, 푡) =  푓(푡),   lim

→
푢(푥, 푡) = 0       ; 푡 ≥ 0 

17. Solve : 
푡푦 +  푦 +  4푡푦 = 0 푖푓 푦(0) = 3,푦 (0) = 0 

18. Solve : 
(퐷 + 9)푦 = cos 2푡, 푖푓 푦(0) = 1,푦 

휋
2 = 1. 

19.  If (푝) is the fourier sine transform of 푓(푡) for 푝 >  0 then for   
 푝 <  0,     퐹 {푓(푡);푝} =  − (−푝), show it 

20. Find the fourier transform of 푓(푡) =  1,     |푡| ≤ 1
0,      |푡| > 1 

21. Find the fourier cosine transform of 푒 . 
22. Prove that : 

 푃 푓( )(푝) =  푖  ∑ ! !
!( )!( )!

퐹 {푡 .푓( )(푡);푃} 
23. Solve the integral equation for 푓(푡) : 

푓(푡)푐푝푠 푝푡 푑푡 =  1 − 푝 ,    0 ≤ 푝 ≤ 1
0,    푝 > 1  

Hence deduce that ∫  푑푡 = . 

24. Find 푓(푡) if its sine transform is .퐻푒푛푐푒 푑푒푑푢푐푒 퐹 . 
25. Prove that: 

푀 {(1 + 푥 )  ; 푝} =  
Ґ 푝
푎   Ґ 푏 − 푝

푎
푎 Ґ(푏)  ;   0 < 푅푒 (푝) < 푅푒 (푎푏). 

26. Prove that if n is a positive integer : 

푀 푥 
푑
푑푥 푓(푥);푝 =  (−1)  푃  퐹(푝) 푤ℎ푒푟푒 푀 {푓(푥)} = 퐹(푝). 

27. If 푚 is a positive integer and 훼 ≠ 0 then prove that : 

푀  
푑
푑푥  푥 푓(푥);푝 =  (−1)   퐹(푝)  푤ℎ푒푟푒 푀 {푓(푥)} = 퐹(푝). 

28. Derive the Mellin Inversion theorem. 
29. Derive convolution theorem for Mellin transform. 
30. If 푀 {푓(푥)} = 퐹(푝) , then prove that : 

푀 푥
푑 푓
푑푥 +  푥 

푑푓
푑푥  ;푝 =  푃  퐹(푝)  

31. Find the Hankel transform of 푓(푥) =  1,     0 < 푥 < 푎,   푣 > 0
0,     푥 > 푎,   푣 = 0  

32. Find the Hankel transform of the function : 
푓(푥) =  푎 − 푥 ,     0 < 푥 < 푎

0,     푥 > 푎  

taking 푥 퐽  (푝푥) as the kernel. 

33. Find the Hankel transform of : 
(i)  



(ii) 
  

taking 푥 퐽  (푝푥) as the kernel. 

34. Find the Hankel transform of the function : 

푓(푥) =  푥 ,     0 < 푥 < 푎
0,     푥 > 푎           (n > -1) 

taking 푥 퐽  (푝푥) as the kernel. 
35. Find the Hankel transform of 푒 푒 , taking 푥 퐽  (푝푥) as the kernel. 
36. If 퐻 {푓(푥);푝} = ∫ 푓(푥) 퐽 (푝푥)(푥푝) 푑푥, 푝 > 0, then show that: 

퐻 푥    푒  ;  푝 =  
2 Ґ(푣 + 1

2) 푃

√휋 (푎 + 푝 )
 

Where 푅푒 (푎) >  0 푎푛푑 푅푒 (푣) >  

37. Solve =  , 푥 > 0, 푡 > 0 subject to conditions : 
(i) 푈(표, 푡) =  0 
(ii) 푈 =  1,     0 < 푥 < 1

0,    푥 ≥ 1    when t = 0 
(iii) 푈 (푥, 푡)is bounded 

38. The temperature 푈 (푥, 푡) in the semi-infinite rod 0 ≤ 푥 ≤  ∞ is 
determined by the D.E. 
휕푈
휕푡 =  푘 

휕 푈
휕푥  

Subject to conditions : 
(i) 푈 = 0 푤ℎ푒푛 푡 = 0,    푥 ≥ 0 
(ii) = −휇 (푎 푐표푛푠푡푎푛푡)  푤ℎ푒푛   푥 = 0, 푡 ≥ 0 
Making use of cosine transform, show that 

푈(푥, 푡) =  
2휇
휋  

cos푝푢
푝  1 − 푒 푑푝 

39. Solve + = 0,−∞ < 푥 <  ∞, 푦 ≥ 0, satisfying the conditions : 
(i) 푈 and its partial derivatives tend to zero as 푥 → ±∞ 
(ii) 푈 = 푓(푥), = 0 푓표푟 푦 = 0 

40. Find the solution of the linear diffusion equation  : 

=   in a semi-infinite rod 푥 ≥ 0, satisfying the boundary conditions 
(i) 푈 (0, 푡) =  푓(푡),   푡 ≥ 0 

(ii) 푈 (푥, 푡) → 0 푎푠 푥 → ∞ 

and he initial conditions 푈 (푥, 0) = 0 

41. Apply Hankel transform (of zero order) to solve the differential equation: 
휕 푈
휕푟 +

1
푟  
휕푈
휕푟 +

휕 푈
휕푧 = 0, 0 ≤ 푟 ≤ ∞, 푧 ≥ 0 

 satisfying the following conditions : 

(i) 푈 → 0 푎푠 푧 → ∞ 푎푛푑 푟 → ∞ 
(ii) 푈 = 푓(푟)표푛 푧 = 0, 푟 ≥ 0. It is given that 푈(푟, 푧) is bounded. 



42. The magnetic potential 푈 for a circular disc of radius 푎 and strength 푤, 
magnetized parallel to its axis. Satisfying Laplace’s equation is equal to 
2휋푤 on the disc itself and vanishes at exterior point in the plane of the disc. 
Show that at the point (푟, 푧), 푧 >  0 

 푈 = 2휋푤 ∫ 푒 퐽 (푝푟)퐽 (푎푝)푑푝 

43. Show that the function 푔(푥) = (1 + 푥 )  is a solution of the volterra 
integral equation: 
푔(푥) =

1
1+x  −

1
(1 + 푥 )  푔(푡)푑푡 

44. Show that the function 푔(푥) = 1 is a solution of the Fredholm integral 
equation. 

푔(푥) + 푥 (푒 − 1)푔(푡)푑푡 =  푒 − 푥 

45. Form a integral equation corresponding to the differential equation : 
푑 푦
푑푥 + 푥

푑푦
푑푥 + 푦 = 0 

With initial conditions : 푦(0) = 1 = 푦 (0) = 0 
46. Convert the following differential equation into an integrall equation : 

푑 푦
푑푥 + 휆푥푦 = 푓(푥) ;푦(0) =  1, 푦 (0) = 0 

47. Transform + 푥푦 = 1 ;   푦(0) = 0,푦(1) =  1 into an integral equation. 
48. Solve the homogeneous fredholm integral equation: 

(푥) =  휆 ∫ 푒   (푡)푑푡 
49. Solve the homogeneous fredholm integral equation of the second kind. 

푔(푥) = 휆 sin(푥 + 푡)  푔(푡)푑푡 

50. Find eigen values and eigen functions of the homogeneous integral 
equation. 

푔(푥) = 휆 푘(푥, 푡) 푔(푡)푑푡 

51. Solve : 

푔(푥) =  푒 + 휆 2푒  푒  푔(푡)푑푡 

52. Solve the integral : 

푔(푥) =  푓(푥) + 휆 (xt + x t 푔(푡)푑푡 

Also find its resolvent kernel. 
53. Solve the following equation and find its eienvalues : 

푔(푥) =  + + 휆 cos (x − t)푔(푡)푑푡
/

 

54. Solve the integral equation  : 

푔(푥) =  1 sin (x − t)푔(푡)푑푡 

and verify your answer. 
55. Solve for 푓(푥) the integral equation “ 



푓(푥) sin 푝푥 푑푥 = 
1,    0 ≤ 푝 ≤ 1

2,      1 ≤ 푝 ≤ 2
0,     푝 > 2

 

56. Solve : 
푓(푥) cos푝푥 푑푥 = 푒  

57. Solve the following integral equation by the method of successive 
approximation :- 

푔(푥) = 푒 −
1
2 푒 +

1
2 +

1
2  푔(푡)푑푡 

58. Using iterative method, solve : 

푔(푥) = 푓(푥) +  휆  푒  푔(푡)푑푡 
59. By means of resolvent kernel find the solution of : 

푔(푥) =  푒 sin 푥 +
2 +  cos 푥
2 +  cos 푡  푔(푡)푑푡 

60. By means of resolvent kernel, find the solution of: 

푔(푥) =  1 +  푥  
1 + x
1 + t  푔(푡)푑푡 

61. Using the method of successive approximation solve the integral equation : 
푔(푥) =  1 +  (푥 − 푡)푔(푡)푑푡  푡푎푘푖푛푔 푔 (푥) = 0 

62. Solve : 
푔(푥) =  푥. 2 −  2 푔(푡)푑푡 ,     푔 (푥) = 푥. 2  

By using the method if successive approximation. 
63. Prove that the eigen values of a symmetric kernel are real. 
64. Show that the eigen functions of a symmetric kernel corresponding to 

distinct eigen values are orthogonal. 
65. Show that if the sequence {푔 (푥)} be all the eigen functions of a symmetric 

퐿 −kernel with {휆 } as the corresponding eigen values. Then the series : 
∑ | ( )|  converges and its sum is bounded by 퐶  which is 
an upper bound of the integral: 

|푘 (푥, 푡)| 푑푡 

66. Show that if the sequence {푔 (푥)} be all the eigen functions of a symmetric 
kernel k(x, t) with {휆 } as the corresponding eigen values then the 
truncated kernel 퐾( )(, 푡) = 푘 (푥, 푡) −  ∑ ( ) ( ) has the eigen 
values 휆 , 휆 , … …to which corresponds the eigen functions 
푔 (푥),푔 (푥) … … . .푇ℎ푒 퐾푒푟푛푒푙 퐾 (푥, 푡) has no other eigenvalues 
or eigen functions. 

67. Using Hilbert Schmidt theorem, find the solution of the symmetric integral 
equation 

푔(푥) =  푥 + 1 +
3
2 (푥푡 + 푥 푡 )푔(푡)푑푡 



68. Determine the eigenvalues and the corresponding eigen functions of the 
equation: 

푔(푥) =  푓(푥) + 휆 푠푖푛(푥 + 푡)푔(푡)푑푡 

Where 푓(푥) = 푥 obtain the solution of this equation when λ is not an 
eigenvalue. 

69. Using the recurrence relation find the resolvent kernel of the following 
kernel : 
푘(푥, 푡) = sin 푥,    0 ≤ 푥 ≤ 휋 

70. Show by using fredholm’s theory that the resolvent kernel for the integral 
equation with kernel 푘(푥, 푡)  =  1 − 3푥푡 in interval (0,1) is : 
푅(푥, 푡 ;  휆) =  

4
4 − 휆 1 + 휆 −

(푥 − 푡)
2 − 3 (1 − 휆)푥푡  , 휆 ≠ 2 

71. Using fredholm theory solve, 

푔(푥) =  푒 + 휆 푥푡 푔(푡)푑푡 

72. Solve the following integral equation : 

푔(푥) =  푥 + 휆 [4푥푡 +  푥 ]푔(푡)푑푡 

73. Using fredholm theory, solve : 

푔(푥) = cos 2푥  sin 푥 cos 푡 푔 (푡)푑푡 

74. For the integral equation : 

푔(푥) = 푓(푥) + 휆 푘 (푥, 푡)푔(푡)푑푡 

Find 퐷(휆) 푎푛푑 퐷(푥, 푡 ;  휆) for the kernel: 

 푘(푥, 푡) = sin 푥 ;   푎 = 0, 푏 =  휋 


