
 

 

Sri Ramakrishna Institute of Technology, Coimbatore-10 

Department of Science and Humanities 

Class Test - I 

Part-A 

1. State Dirichlet’s condition. 

Ans:  A function 𝑓 𝑥  defined in 𝑐 ≤ 𝑥 ≤ 𝑐 + 2𝑙 can be expanded as an infinite trigonometric series of 

the form 

𝑎0

2
+   𝑎𝑛 cos

𝑛𝜋𝑥

𝑙
 + 𝑏𝑛 sin

𝑛𝜋𝑥

𝑙
  

∞

𝑛=1

 

provided 

(i) 𝑓 𝑥  is defined and single valued except possibly at a finite number of points in  𝑐, 𝑐 + 2𝑙 . 

(ii) 𝑓 𝑥  is periodic in  𝑐, 𝑐 + 2𝑙 . 

(iii) 𝑓(𝑥) and 𝑓′ (𝑥) are piecewise continuous in  𝑐, 𝑐 + 2𝑙 . 

(iv) 𝑓(𝑥) has no or finite number of maxima or minima in  𝑐, 𝑐 + 2𝑙 . 

2. Define Fourier series expansion on  𝑐, 𝑐 + 2𝑙 . 

Solution:  

𝑓 𝑥 =
𝑎0

2
+   𝑎𝑛 cos

𝑛𝜋𝑥

𝑙
 + 𝑏𝑛 sin

𝑛𝜋𝑥

𝑙
  

∞

𝑛=1

 

where 

a0 =
1

𝑙
 𝑓 𝑥 𝑑𝑥

𝑐+2𝑙

𝑐

 

an =
1

𝑙
 𝑓 𝑥 cos

𝑛𝜋𝑥

𝑙
𝑑𝑥

𝑐+2𝑙

𝑐

 

bn =
1

𝑙
 𝑓 𝑥 sin

𝑛𝜋𝑥

𝑙
𝑑𝑥

𝑐+2𝑙

𝑐

 

3. If  𝑓 𝑥 = 𝑥 𝑠𝑖𝑛 𝑥, find 𝑏𝑛  in  –𝜋, 𝜋 . 

Solution:  



 

 

𝑓 −𝑥 =  −𝑥  sin −𝑥  =  −𝑥  − sin 𝑥 = 𝑥 sin𝑥 = 𝑓(𝑥) 

∴ 𝑓 𝑥  is an even function  

∴ 𝑏𝑛 = 0. 

4. If  𝑓 𝑥 = 𝑥3  , find 𝑎𝑛  in  –𝜋, 𝜋 . 

Solution: 

𝑓 −𝑥 =  −𝑥 3 = −𝑥3 = −𝑓(𝑥) 

∴ 𝑓 𝑥  is an odd function  

∴ 𝑎𝑛 = 0. 

Part –B 

1. Find the Fourier series expansion of  

i) 𝑓 𝑥 =  𝜋 − 𝑥 2  in  0,2𝜋 . 

Solution: 

𝑓 𝑥 =
𝑎0

2
+   𝑎𝑛 cos 𝑛𝑥 + 𝑏𝑛 sin 𝑛𝑥  

∞

𝑛=1

 

𝑎0 =
1

𝜋
 𝑓 𝑥 

2𝜋

0

𝑑𝑥 =
1

𝜋
  𝜋 − 𝑥 2

2𝜋

0

𝑑𝑥 

=
1

𝜋
 
 𝜋 − 𝑥 3

−3
 

0

2𝜋

 

=
1

𝜋
 
 𝜋 − 2𝜋 3

−3
−

 𝜋 − 0 3

−3
 =

1

𝜋
 
 −𝜋 3

−3
−

𝜋3

−3
 =

1

𝜋
 
2𝜋3

3
  

𝑎0 =
2𝜋2

3
 

𝑎𝑛 =
1

𝜋
 𝑓 𝑥 cos 𝑛𝑥

2𝜋

0

𝑑𝑥 =
1

𝜋
  𝜋 − 𝑥 2

2𝜋

0

cos 𝑛𝑥 𝑑𝑥 

=
1

𝜋
  𝜋 − 𝑥 2  

sin 𝑛𝑥

𝑛
 −  2 𝜋 − 𝑥  −1  −  

cos 𝑛𝑥

𝑛2
 + 2 −1 (−1)  −  

sin𝑛𝑥

𝑛3
  

0

2𝜋

 



 

 

=
1

𝜋
  𝜋 − 2𝜋 2  

sin 2𝑛𝜋

𝑛
 −  2 𝜋 − 2𝜋  −1  −  

cos 2𝑛𝜋

𝑛2
 + 2 −1 (−1)  −  

sin 2𝑛𝜋

𝑛3
   

−  
1

𝜋
  𝜋 − 0 2  

sin 0

𝑛
 −  2 𝜋 − 0  −1  −  

cos 0

𝑛2
 + 2 −1 (−1)  −  

sin 0

𝑛3
   

=
1

𝜋
 0 +

2𝜋

𝑛2
+ 0 − 0 +

2𝜋

𝑛2
+ 0 =

1

𝜋
 
4𝜋

𝑛2
  

𝑎𝑛 =
4

𝑛2
 

𝑏𝑛 =
1

𝜋
 𝑓 𝑥 sin 𝑛𝑥

2𝜋

0

𝑑𝑥 =
1

𝜋
  𝜋 − 𝑥 2

2𝜋

0

sin𝑛𝑥 𝑑𝑥 

=
1

𝜋
  𝜋 − 𝑥 2  −  

cos 𝑛𝑥

𝑛
 −  2 𝜋 − 𝑥  −1  −  

sin𝑛𝑥

𝑛2
 + 2 −1 (−1)   

cos𝑛𝑥

𝑛3
  

0

2𝜋

 

=
1

𝜋
  𝜋 − 2𝜋 2  −  

cos 2𝑛𝜋

𝑛
 −  2 𝜋 − 2𝜋  −1  −  

sin 2𝑛𝜋

𝑛2
 + 2 −1 (−1)   

cos 2𝑛𝜋

𝑛3
   

−  
1

𝜋
  𝜋 − 0 2  −

cos 0

𝑛
 −  2 𝜋 − 0  −1  −  

sin 0

𝑛2
 + 2 −1 (−1)   

cos 0

𝑛3
   

=
1

𝜋
 
𝜋2

𝑛
− 0 +

2

𝑛3
−  

𝜋2

𝑛
− 0 −

2

𝑛3
 = 0 

𝑏𝑛 = 0 

𝑓 𝑥 =
𝜋2

3
+  

4

𝑛2
cos 𝑛𝑥

∞

𝑛=1

 

ii) 𝑓 𝑥 = 𝑥2  in  –𝜋, 𝜋 . 

Solution: 

𝑓 −𝑥 =  −𝑥 2 = 𝑥2 = 𝑓 𝑥  

∴ 𝑓(𝑥) is an even function. 

bn = 0 

𝑓 𝑥 =
𝑎0

2
+  𝑎𝑛 cos 𝑛𝑥 

∞

𝑛=1

 

𝑎0 =
2

𝜋
 𝑓 𝑥 

𝜋

0

𝑑𝑥 =
2

𝜋
 𝑥2

𝜋

0

𝑑𝑥 



 

 

=
2

𝜋
 
𝑥3

3
 

0

𝜋

=
2

𝜋
 
𝜋3

3
  

𝑎0 =
2𝜋2

3
 

𝑎𝑛 =
2

𝜋
 𝑓 𝑥 cos 𝑛𝑥

𝜋

0

𝑑𝑥 =
2

𝜋
 𝑥2

𝜋

0

cos 𝑛𝑥 𝑑𝑥 

=
2

𝜋
 𝑥2  

sin𝑛𝑥

𝑛
 −  2𝑥  −  

cos 𝑛𝑥

𝑛2
 + 2  −  

sin𝑛𝑥

𝑛3
  

0

𝜋

 

=
2

𝜋
 0 −  2𝜋  −  

cos 𝑛𝜋

𝑛2
 + 0 − 0 + 0 + 0  

 

=
2

𝜋
  2𝜋

cos 𝑛𝜋

𝑛2
 =

4 −1 𝑛

𝑛2
 

𝑎𝑛 =
4 −1 𝑛

𝑛2
 

𝑓 𝑥 =
𝜋2

3
+  

4 −1 𝑛

𝑛2
cos 𝑛𝑥

∞

𝑛=1

 

2. Find the Fourier series expansion of  

i) 𝑓 𝑥 =  
𝑥,               0 < 𝑥 < 𝜋

2𝜋 − 𝑥,       𝜋 < 𝑥 < 2𝜋
  

Solution: 

𝑓 𝑥 =
𝑎0

2
+   𝑎𝑛 cos 𝑛𝑥 + 𝑏𝑛 sin 𝑛𝑥  

∞

𝑛=1

 

𝑎0 =
1

𝜋
 𝑓 𝑥 

2𝜋

0

𝑑𝑥 =
1

𝜋
  𝑥

𝜋

0

𝑑𝑥 +   2𝜋 − 𝑥 

2𝜋

𝜋

𝑑𝑥  

=
1

𝜋
  
𝑥2

2
 

0

𝜋

+  
 2𝜋 − 𝑥 2

−2
 
𝜋

2𝜋

  

=
1

𝜋
 
𝜋2

2
− 0 + 0 −  

𝜋2

−2
  =

1

𝜋
 𝜋2 = 𝜋 



 

 

𝑎0 = 𝜋 

𝑎𝑛 =
1

𝜋
 𝑓 𝑥 cos 𝑛𝑥

2𝜋

0

𝑑𝑥 

=
1

𝜋
  𝑥

𝜋

0

cos 𝑛𝑥 𝑑𝑥 +   2𝜋 − 𝑥 

2𝜋

𝜋

cos 𝑛𝑥 𝑑𝑥  

=
1

𝜋
  𝑥  

sin𝑛𝑥

𝑛
 −  1  −  

cos 𝑛𝑥

𝑛2
  

0

𝜋

+   2𝜋 − 𝑥  
sin𝑛𝑥

𝑛
 −   −1  − 

cos 𝑛𝑥

𝑛2
  

𝜋

2𝜋

  

=
1

𝜋
 0 +

cos 𝑛𝜋

𝑛2
− 0 −

cos 0

𝑛2
+ 0 −

cos 2𝑛𝜋

𝑛2
− 0 +

cos 𝑛𝜋

𝑛2
  

=
1

𝜋
 
 −1 𝑛

𝑛2
−

1

𝑛2
−

1

𝑛2
+

 −1 𝑛

𝑛2
 =

2

𝜋𝑛2
  −1 𝑛 − 1  

𝑎𝑛 =  −  
4

𝜋𝑛2
, 𝑖𝑓 𝑛 𝑖𝑠 𝑜𝑑𝑑

        0,             𝑖𝑓 𝑛 𝑖𝑠 𝑒𝑣𝑒𝑛

  

𝑏𝑛 =
1

𝜋
 𝑓 𝑥 sin 𝑛𝑥

2𝜋

0

𝑑𝑥 

=
1

𝜋
  𝑥

𝜋

0

sin𝑛𝑥 𝑑𝑥 +   2𝜋 − 𝑥 

2𝜋

𝜋

sin𝑛𝑥 𝑑𝑥  

=
1

𝜋
  𝑥  − 

cos 𝑛𝑥

𝑛
 −  1  −  

sin𝑛𝑥

𝑛2
  

0

𝜋

+   2𝜋 − 𝑥  − 
cos 𝑛𝑥

𝑛
 −   −1  − 

sin 𝑛𝑥

𝑛2
  

𝜋

2𝜋

  

=
1

𝜋
 −𝜋

cos 𝑛𝜋

𝑛
+ 𝜋

cos𝑛𝜋

𝑛
  

𝑏𝑛 = 0 

𝑓 𝑥 =
𝜋

2
−  

4

𝜋𝑛2
cos 𝑛𝑥

∞

𝑛=1,3,5,…

 

ii) 𝑓 𝑥 = |𝑥| in – 𝜋 < 𝑥 < 𝜋 

Solution: 

𝑓 −𝑥 = | − 𝑥| = |𝑥| = 𝑓 𝑥  



 

 

∴ 𝑓(𝑥) is an even function. 

bn = 0 

𝑓 𝑥 =
𝑎0

2
+  𝑎𝑛 cos 𝑛𝑥 

∞

𝑛=1

 

𝑎0 =
2

𝜋
 𝑓 𝑥 

𝜋

0

𝑑𝑥 =
2

𝜋
 𝑥

𝜋

0

𝑑𝑥 

=
2

𝜋
 
𝑥2

2
 

0

𝜋

=
2

𝜋
 
𝜋2

2
  

𝑎0 = 𝜋 

𝑎𝑛 =
2

𝜋
 𝑓 𝑥 cos 𝑛𝑥

𝜋

0

𝑑𝑥 =
2

𝜋
 𝑥

𝜋

0

cos 𝑛𝑥 𝑑𝑥 

=
2

𝜋
 𝑥  

sin𝑛𝑥

𝑛
 −  1  − 

cos 𝑛𝑥

𝑛2
  

0

𝜋

 

=
2

𝜋
 0 +  

cos 𝑛𝜋

𝑛2
+ 0 −

1

𝑛2
  

=
2

𝜋𝑛2
  −1 𝑛 − 1  

𝑎𝑛 =  −  
4

𝜋𝑛2
, 𝑖𝑓 𝑛 𝑖𝑠 𝑜𝑑𝑑

        0,             𝑖𝑓 𝑛 𝑖𝑠 𝑒𝑣𝑒𝑛

  

𝑓 𝑥 =
𝜋

2
−  

4

𝜋𝑛2
cos 𝑛𝑥

∞

𝑛=1,3,5,…

 

 


