
T
H

E

U
N I V E

R
S

I
T

Y

O
F

E
D

I N B
U

R
G

H

Fourier Analysis

Workshop 2: More on Fourier Series & Parseval

Professor John A. Peacock
School of Physics and Astronomy
jap@roe.ac.uk
Session: 2014/15
30th September & 3rd October 2014

1. (a) Show that the Fourier Series for f(x) = x in the range �⇡ < x < ⇡ is

f(x) = 2
1X

m=1

(�1)m+1

m
sinmx.

(b) Hence, by carefully choosing a value of x, show that
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.

2. Compute the complex Fourier Series for f(x) = x, �⇡ < x < ⇡.

3. Compute the complex Fourier Series for

f(x) =

⇢
�1 �1 < x < 0
+1 0 < x < 1

and show it is c
n

= (cos(k
n

)� 1)i/k
n

.

4. Using a trigonometric identity, or otherwise, compute the Fourier Series for f(x) = x sin x
for �⇡ < x < ⇡, and hence show that

⇡
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5. Prove Parseval’s theorem for the complex Fourier Series. Write down the relation between
the complex Fourier coe�cients, c

m

and the (a
m

, b
m

) coe�cients for a real series, and hence
deduce Parseval’s theorem for a sin + cos series:

1
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|f(x)|2 dx = |a0/2|2 +
1

2

1X

n=1

�
|a

n

|2 + |b
n

|2
�
.

6. If f(x) = |x| for �⇡  x  ⇡,
(a) show that its Fourier Series is

f(x) =
⇡

2
� 4

⇡

1X

n=0

cos[(2n+ 1)x]

(2n+ 1)2
.

(b) Hence show that
1X

n=0

1

(2n+ 1)2
=

⇡2

8
.

(c) State Parseval’s theorem, and prove that

1X

n=0

1

(2n+ 1)4
=

⇡4

96
.

7. You are given that the Fourier Series of f(x) = x (defined for �1  x  1) is

f(x) =
1X

n=1

(�1)n+1 2

n⇡
sin(n⇡x).

Using Parseval’s theorem, show that

1X

n=1

1

n2
=

⇡2

6
.
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