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Example 5.1 (Fourier series of a periodic square wave). Find the Fourier series representation of the periodic square

wave x shown in Figure 5.1.
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Figure 5.1: Periodic square wave.

Solution. Let us consider the single period of x(t) for 0 ≤ t < T . For this range of t, we have

x(t) =

{

A 0 ≤ t < T
2

−A T
2
≤ t < T .

Let ω0 =
2π

T
. From the Fourier series analysis equation, we have
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1
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∫
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∣
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∣
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k 6= 0

1
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(

[At]|
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0 + [−At]|TT/2

)

k = 0.

Now, we simplify the expression for ck for each of the cases k 6= 0 and k = 0 in turn. First, suppose that k 6= 0. We

have

ck =
1
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]∣

∣

∣

∣

T
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)

=
−A

j2πk
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e− jkω0t
]∣

∣

∣

T/2

0
−
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e− jkω0t
]∣

∣

∣

T

T/2

)

=
jA

2πk

([

e− jπk −1
]

−
[

e− j2πk − e− jπk
])

=
jA

2πk

[

2e− jπk − e− j2πk −1
]

=
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[
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.
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Now, we observe that e− jπ =−1 and e− j2π = 1. So, we have

ck =
jA

2πk
[2(−1)k −1k −1]

=
jA

2πk
[2(−1)k −2]

=
jA

πk
[(−1)k −1]

=







− j2A

πk
k odd

0 k even, k 6= 0.

Now, suppose that k = 0. We have

c0 =
1
T

(

[At]|
T/2

0 + [−At]|TT/2

)

= 1
T

[

AT
2
− AT

2

]

= 0.

Thus, the Fourier series of x is given by

x(t) =
∞

∑
k=−∞

cke j(2π/T )kt ,

where

ck =







− j2A

πk
k odd

0 k even. �
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