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Question One (20 Marks) 

a. If 𝑓(𝑥) is even function show that 

i. 𝑏𝑛 = 0                                                                                                      (3 Marks) 

ii.  

𝑎𝑛 =
2

𝐿
∫ 𝑓(𝑥) cos

𝑛𝜋𝑥

𝐿
𝑑𝑥                                                                 (𝟒 𝐌𝐚𝐫𝐤𝐬)

𝐿

0

 

b. Obtain a Fourier series for the periodic function 𝑓(𝑥) defined 

𝑓(𝑥) = {
−𝑘;      −𝜋 < 𝑥 < 0
  +𝑘;          0 < 𝑥 < 𝜋

 

The function is periodic outside of this range with period 2𝜋         (4 Marks) 

c. Find the Fourier series of the function 

𝑓(𝑥) = {

0  𝑖𝑓 − 2 < 𝑥 < −1
𝑘 𝑖𝑓    − 1 < 𝑥 < 1
0 𝑖𝑓         1 < 𝑥 < 2

      𝑃 = 2𝐿 = 4, 𝐿 = 2  

                                                                                                                                          (4 Marks) 

d. Using complex form find the Fourier series of the function  

𝑓(𝑥) =
𝑎 sin 𝑥

1 − 2𝑎 cos 𝑥 + 𝑎2
 ;   |𝑎| < 1 

                                                                                                                                          (5 Marks) 

Question Two (15 Marks) 

 

a. Prove that 

i.  

1

2
+ cos 𝑡 + cos 2𝑡 +. … … … . + cos 𝑀𝑡 =

sin (𝑀 +
1
2

) 𝑡

2 sin
1
2 𝑡

 

                                                                                                                   (5 Marks) 

ii.  

1

𝜋
∫

sin (𝑀 +
1
2) 𝑡

2 sin
1
2 𝑡

𝑑𝑡 =

𝜋

0

1

2
 ; 

1

𝜋
∫

sin (𝑀 +
1
2) 𝑡

2 sin
1
2 𝑡

𝑑𝑡 =

0

−𝜋

1

2
 

                                                                                                                              (4 Marks) 
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b. Show that for all positive integers 𝑀, 

𝑎0
2

2
+ ∑(𝑎𝑛

2 + 𝑏𝑛
2) ≤

1

𝐿
∫{𝑓(𝑥)}2𝑑𝑥

𝐿

−𝐿

𝑀

𝑛=1

 

where 𝑎𝑛 and 𝑏𝑛 are the Fourier coefficients corresponding to 𝑓(𝑥) and  

𝑓(𝑥) is assumed piecewise continuous in (−𝐿, 𝐿)                                 (6 Marks) 

 

Question Three (15 Marks) 

a. If the series 

𝐴 + ∑ (𝑎𝑛 cos
𝑛𝜋𝑥

𝐿
+ 𝑏𝑛 sin

𝑛𝜋𝑥

𝐿
)

∞

𝑛=1

 

converges uniformly to 𝑓(𝑥) in (−𝐿, 𝐿). Show that for 𝑛 = 1,2,3, … … …. 

i.  

𝑎𝑛 =
1

𝐿
∫ 𝑓(𝑥) cos

𝑛𝜋𝑥

𝐿
𝑑𝑥                                                                (𝟑 𝐌𝐚𝐫𝐤𝐬)

𝐿

−𝐿

 

ii.  

𝑏𝑛 =
1

𝐿
∫ 𝑓(𝑥) sin

𝑛𝜋𝑥

𝐿
𝑑𝑥                                                                (𝟐 𝐌𝐚𝐫𝐤𝐬)

𝐿

−𝐿

 

iii. 𝐴 =
𝑎0

2
                                                                                                      (1 Marks) 

 

b. A sinusoidal voltage, 𝐸 sin 𝜔𝑡 where 𝑡 is time is passed through a half wave 

rectifier that clips the negative portion of the wave. Find the Fourier series 

of the resulting periodic function 

𝑢(𝑡) = {
0                      𝑖𝑓 − 𝐿 < 𝑡 < 0
𝐸 sin 𝜔𝑡         𝑖𝑓      0 < 𝑡 < 𝐿

     𝑃 = 2𝐿 =
2𝜋

𝜔
 ; 𝐿 =

𝜋

𝜔
              (4 Marks) 

c. Find the two half-range expansions of the triangle with function given 

below using even and odd periodic extensions  

𝑓(𝑥) = {

2𝑘

𝐿
𝑥                    𝑖𝑓 0 < 𝑥 <

𝐿

2
2𝑘

𝐿
(𝐿 − 𝑥)       𝑖𝑓 

𝐿

2
< 𝑥 < 𝐿

 

                                                                                                                                          (5 Marks) 
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Question Four (15 Marks) 

 

a. Using complex form, find the Fourier series of the function 

𝑓(𝑥) = sin 𝑥 = {
−1  ;  −𝜋 ≤ 𝑥 ≤ 0
1     ;     0 < 𝑥 ≤ 𝜋

                                                           (5 Marks) 

b. Prove 

i.  

∫ cos
𝑚𝜋𝑥

𝐿

𝐿

−𝐿

cos
𝑛𝜋𝑥

𝐿
𝑑𝑥 = ∫ sin

𝑚𝜋𝑥

𝐿
sin

𝑛𝜋𝑥

𝐿
𝑑𝑥

𝐿

−𝐿

= {
0      𝑖𝑓  𝑚 ≠ 𝑛
𝐿      𝑖𝑓   𝑚 = 𝑛

 

                                                                                                                  (5 Marks) 

ii.  

∫ sin
𝑚𝜋𝑥

𝐿
cos

𝑛𝜋𝑥

𝐿
𝑑𝑥 = 0                                  𝑖𝑓  𝑚 ≠ 𝑛 𝑜𝑟 𝑚 = 𝑛  

𝑳

−𝑳

 

                                                                                                                  (5 Marks) 
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