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Some concepts and illustrations in this lecture are adapted from
the textbook,

Signals and Systems, 2nd Edition by Alan Oppenheim, Alan
Willisky and H. Nawab, Prentice Hall.
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Fourier Series Representations of Periodic Signals with period T,

. jkwot 27
x(t) = ae wo = =
k=00

wo = 27” is the fundamental frequency.

T
T

Specifically,
1

ap = ?/x(t)dt
T
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x(t) = 1+ sin(wot) + 2 cos(wot) + cos(2wot + %)
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a = 0, for |k| > 2
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Example
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Linearity — axi(t) + Bxz(t) &35 aay + By

Time Shifting — x(t — to) LS, eikunto g,

Time Reversal — x(—t) 5 a

Time Scaling — x(at) &5, a4 with period T/«

Mhibelfezrem = s ) B S Al
m=—o0

7S Takbk,

Convolution — x(t) x y(t) <—

x JS *

Conjugation — x(t)* <— a*,, for real x(t) ax = aj

Parseval’s Relation —>%-7I|x (t)|?dt = Z lag|?
k=00
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dx(t)

g(t) = g8k = jkwox

2(sink/2) e—ikn /2
Xk = W k#0

X0 =2/4=1/2
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Example:

For the continuous-time periodic signal

x(t) = 2+ cos(3t) + 4sin(5F t),

determine the fundamental frequency wp and the Fourier series
coefficients x.

x(t) =24+ ejzﬂ—t'i‘ 1e_J27rt+ e]57rt 2 —j%’rt
2 J
T
wo ==
073
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Determine the signal x(t) with period T = 4 from its Fourier series
coefficients xy

Jk |k| <3,
XK =
0 otherwise

X(t) :J'ej27r/4t _J'e—j27'r/4t + 2jej27r/4*2t . 2J'e—j27'r/4*2t
x(t) = —2sin(7/2t) — 4sin(7t)

Ahmet Ademoglu, PhD Bogazici University Institute of Biomedical Engineering

Fourier Series of Continuous Periodic Signals Lecture Notes



vt — H(w)evt
x(t) = 3 xeeffwot — S x H(kwp)elkeot
k——

k=—o00 o9
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