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Programme: B.E. Semester: III 

Course Code / Branch: 

23MA3BSTFN (Common to all branches except Civil Engg. 

                            And CS-Stream)  

Duration: 3 hrs.     

22MA3BSTFN (Common to all branches except CS-Stream) Max Marks: 100 

Course:  Transform Calculus, Fourier Series and Numerical  

               Techniques  

 

 

                               

Instructions:  1. All questions have internal choices. 

          2. Missing data, if any, may be suitably assumed.  
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  UNIT - 1 CO PO Marks 

1 a) Find the Laplace transform of the following functions 

 (i) 𝑓(𝑡) = 𝑡𝑒−3𝑡cos⁡(2𝑡)    (ii) 
0

1
( )

t te
f t dt

t

−−
=  .  

1 1 6 

 b) Express the given piecewise continuous function 

 𝑓(𝑡) = {
2𝑡2,⁡⁡⁡⁡0 ≤ 𝑡 < 3
𝑡 + 4,⁡⁡⁡3 ≤ 𝑡 < 5⁡
9,⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑡 ≥ 5

 in terms of the unit step function and 

hence find its Laplace transform.  

1 1 7 

 c) Apply Laplace transform techniques to solve the differential 

equation ( )
2

2
9 cos 2

d x
x t

dt
+ =  if ( )0 1x =  and ( ) 1

2
x  = − . 

1 1 7 

  OR 
   

2 a) Find the inverse Laplace transform of the following functions 

 (i) 𝐹(𝑠) =
𝑠+3

𝑠2−10𝑠+29
       (ii) 𝐹(𝑠) =

1

4𝑠+1
+

1

5𝑠−2
. 

1 1 6 

 
 

b) If 𝑓(𝑡) = {
1 + 𝑡, 0 ≤ 𝑡 < 1
3 − 𝑡, 1 ≤ 𝑡 < 2

 is a periodic function of period 2, then 

show that  𝐿[𝑓(𝑡)] =
1

𝑠
+

1

𝑠2
tanh (

𝑠

2
).⁡  

 

1 

 

1 
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 c) Using Laplace transform, solve the differential equation  
𝑑2𝑦

𝑑𝑡2
− 3

𝑑𝑦

𝑑𝑡
+ 2𝑦 = 4 given 𝑦(0) = 2 and 𝑦′(0) = 3. 

1 1 7 

  UNIT - 2    

3 a) Obtain the Fourier series for the periodic function ( )f x  over the 

interval ( ), −  where 
/ 2 0

( )
/ 2 0

x x
f x

x x

 

 

− −  
= 

+  
. 

1 1 6 

 b) Obtain the Fourier series for 𝑓(𝑥) = 𝑒−𝑎𝑥, 𝑎 > 0, over the interval 

(0,2𝜋)  with 𝑓(𝑥 + 2𝜋) = 𝑓(𝑥). 

1 1 7 

U.S.N.           



 

 

 c) Find the complex Fourier series for the function  

𝑓(𝑥) = {
−𝑘, −𝜋 < 𝑥 < 0
𝑘, 0 < 𝑥 < 𝜋

 with 𝑓(𝑥 + 2𝜋) = 𝑓(𝑥) 

where 𝑘⁡is a real constant, over the interval (−𝜋, 𝜋). 

1 1 7 

  OR    

4 a) Obtain the Fourier series for the periodic function 

( ) cos
x

f x x
l

 
=  

 
over ( , )l l− .  

1 1 6 

 b) Obtain the Fourier series of the periodic function 

𝑓(𝑥) = {
1 +

2𝑥

𝜋
, −𝜋 ≤ 𝑥 ≤ 0

1 −
2𝑥

𝜋
, 0 ≤ 𝑥 ≤ 𝜋

 . 

1 1 7 

 c) The following values of 𝑦 give the displacement in inches of a 

certain machine part for the rotation 𝑥 of the flywheel. Expand 𝑦 in 

the form of a Fourier series up to the first harmonic. 

𝑥 0° 60° 120° 180° 240° 300° 
𝑦 0 9.2 14.4 17.8 17.3 11.7 

 

1 1 7 

  UNIT - 3    

 

5 

 

a) Find the Fourier sine transform of⁡𝑓(𝑥) = {
𝑥,⁡⁡⁡⁡⁡⁡0 < 𝑥 < 1
2 − 𝑥, 1 < 𝑥 < 2⁡⁡

0, 𝑥 > 2
. 

1 1 6 

 b) Find the Fourier transform of 
2 2

, 0a xe a−  .  1 1 7 

 c) Apply Fourier transform technique and solve the integral equation 

∫ 𝑓(𝑥)
∞

0
𝑐𝑜𝑠𝛼𝑥⁡𝑑𝑥 = {

1 − 𝛼,⁡⁡⁡0 ≤ 𝛼 ≤ 1
⁡0,⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝛼 > 1

. 

1 1 7 

  OR    

6 a) Find the Fourier cosine transform of the following funcitons 

(i)⁡𝑓(𝑥) = {
𝑥,⁡⁡⁡0 < 𝑥 < 𝑎
0,⁡⁡⁡𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

     (ii) 𝑓(𝑥) = 𝑒−𝑎𝑥. 

1 1 6 

 
 

b) Find the Fourier transform of 𝑓(𝑥) = {
1 − |𝑥|,⁡⁡⁡𝑓𝑜𝑟⁡|𝑥| ≤ 1

⁡⁡⁡0,⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑓𝑜𝑟⁡|𝑥| > 1
. 

1 1 7 

 c) By employing the convolution theorem, show that inverse Fourier 

transform of 
2

2
s

e
−

 is 
2 21

2

xe


− . Given that 

2
2

4
s

xe
F e



−
−  =

  
. 

1 1 7 

  UNIT - 4    

7 a) Derive the finite difference formula to solve one dimensional wave 

equation 
2 2

2

2 2

u u
c

t x

 
=

 
. 

1 1 6 

 b) Solve 
𝜕𝑢

𝜕𝑡
=

𝜕2𝑢

𝜕𝑥2
 using Schmidt method with the conditions 

𝑢(𝑥, 0) = 𝑠𝑖𝑛(𝜋𝑥) , 0 ≤ 𝑥 ≤ 1, 𝑢(0, 𝑡) = 0, 𝑢(1, 𝑡) = 0.⁡Carryout 

the computations for two-time levels taking ℎ =
1

3
 and 𝑘 =

1

36
. 

1 1 7 

 c) Evaluate the pivotal values of the equation 𝑢𝑡𝑡 = 16𝑢𝑥𝑥 taking 

ℎ = 1 and 𝑘 = 0.25 up to 𝑡 = 0.5. The boundary conditions are 

𝑢(0, 𝑡) = 𝑢(5, 𝑡) = 0 and initial conditions 𝑢(𝑥, 0) = 𝑥2(5 − 𝑥) 

and 
𝜕𝑢

𝜕𝑡
(𝑥, 0) = 0. 

1 1 7 

  OR    



 

 

8 a) Derive the Bendre-Schmidt formula to solve numerically the one-

dimensional heat equation 2

t xxu c u= . 

1 1 6 

 
 

b) Solve the wave equation 
𝜕2𝑢

𝜕𝑡2
=

𝜕2𝑢

𝜕𝑥2
  with the initial conditions 

𝑢(𝑥, 0) = 𝑠𝑖𝑛(𝜋𝑥) , 0 ≤ 𝑥 ≤ 1, 𝑢𝑡(𝑥, 0) = 0, 0 ≤ 𝑥 ≤ 1 and the 

boundary conditions ⁡𝑢(0, 𝑡) = 𝑢(1, 𝑡) = 0.⁡ Carryout the 

computations up to two time levels taking ℎ = 0.25 and 𝑘 = 0.5. 

1 1 7 

  c) Find the numerical solution of the parabolic equation 3 t xxu u=  when 

( ) ,0,0 =tu ( ) 0,4 =tu and ( ) ( )xxxu −= 40,  by taking 1=h  and 

1k = . Carryout the computations up to two-time levels. 

1 1 7 

  UNIT - 5    
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a) Show that a necessary condition for 
2

1

( , , )

x

x

I f x y y dx=   to be an 

extremum is that 0
f d f

y dx y

  
− = 

  
.   

1 1 6 

  

b) Find the extremal of the functional 

2

2 2

0

( 2 sin )y y y x dx



− −  with 

(0) 0
2

y y
 

= = 
 

. 

1 1 7 

 c) Solve 2 1 0 16 9 2   with  0n

n n ny y y y y+ ++ + = = = using Z-transform. 1 1 7 

  OR    

10 a) Show that a heavy cable that hangs freely under gravity between 

two fixed points is in the shape of a catenary. 

1 1 6 

  

b) Find the extremal of the functional ( )
2

2 2

0

' 2y y xy dx



− +      with 

( )(0) 0
2

y y = = . 

 

1 

 

1 

 

7 

 c) Solve the difference equation 
2 13 2 0n n nu u u+ +− + =  with 

0 0,u =   

1 1u =  using Z-transform. 

1 1 7 

 

                                                                ****** 

 


