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Question: 

Obtain the Fourier series for the following periodic function which has a period of 

2𝜋.  𝑓(𝑥) = 𝜋2 − 𝑥2 for −𝜋 < 𝑥 < 𝜋 

Solution: 

𝑓(𝑥) =
𝑎0

2
+ ∑(𝑎𝑛 cos 𝑛𝑥 + 𝑏𝑛 sin 𝑛𝑥)

∞

𝑛=1

, where 

𝑎0 =
1

𝜋
∫ 𝑓(𝑥)𝑑𝑥,

𝜋

−𝜋

 

𝑎𝑛 =
1

𝜋
∫ 𝑓(𝑥) cos(𝑛𝑥) 𝑑𝑥,

𝜋

−𝜋

 

𝑏𝑛 =
1

𝜋
∫ 𝑓(𝑥) sin(𝑛𝑥) 𝑑𝑥,

𝜋

−𝜋

 

𝑓(𝑥) = 𝜋2 − 𝑥2; 

𝑓(−𝑥) = 𝜋2 − (−𝑥)2 = 𝜋2 − 𝑥2 = 𝑓(𝑥); 

Function is symmetrical. 

Then: 

𝑓(𝑥) = 𝑎0 + ∑ 𝑎𝑛 cos 𝑛𝑥,

∞

𝑛=1

 

𝑎0 =
1

𝜋
∫ 𝑓(𝑥)𝑑𝑥,

𝜋

0

 where 

𝑎𝑛 =
2

𝜋
∫ 𝑓(𝑥) cos 𝑛𝑥 𝑑𝑥,

𝜋

0

 

http://www.AssignmentExpert.com

http://www.AssignmentExpert.com


𝑎0 =
1

𝜋
∫ 𝑑𝑥

𝜋

0

=
𝜋2𝑥 −

𝑥3

3
𝜋

|

0

𝜋

=
2𝜋2

3
 

𝑎𝑛 =
2

𝜋
∫(𝜋2 − 𝑥2) cos 𝑛𝑥 𝑑𝑥 =

𝜋

0

=
2 (−

2𝑥 cos(𝑛𝑥)
𝑛2 −

(𝑛2𝑥2 − 2) sin(𝑛𝑥)
𝑛3 +

𝜋2 sin(𝑛𝑥)
𝑛

)

𝜋
|

0

𝜋

= 

=
2(2 sin(𝜋𝑛) − 2𝜋𝑛 cos(𝜋𝑛))

𝜋𝑛3
 

𝑓(𝑥) =
2𝜋2

3
+ ∑

2(2 sin(𝜋𝑛) − 2𝜋𝑛 cos(𝜋𝑛))

𝜋𝑛3
cos 𝑛𝑥,

∞

𝑛=1

 

Answer: 

𝑓(𝑥) =
2𝜋2

3
+ ∑

2(2 sin(𝜋𝑛) − 2𝜋𝑛 cos(𝜋𝑛))

𝜋𝑛3
cos 𝑛𝑥,

∞

𝑛=1
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