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Review of Fourier Series

e Deal with continuous-time periodic signals.
e Discrete frequency spectra.
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Two Forms for Fourier Series
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How to Deal with Aperiodic Signal?

A Periodic Signal
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Fourier Integral



Fourier Integral
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Fourier Integral
.
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Fourier Series vs. Fourier Integral
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Fourier Transform Pair
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Inverse Fourier Transform:
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Fourier Transform:
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Existence of the Fourier Transform
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Sufticient Condition:

() 1s absolutely integrable, 1.¢.,
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Continuous Spectra
.
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Example
S
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Example
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Notation
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Linearity
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Time Scaling




Time Reversal
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Time Shifting
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Frequency Shifting (Modulation)
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Symmetry Property
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Fourier Transform for
Real Functions

o]
If /() 1s a real function, and F(jo) = Fr(jo) + jF(jo)

) F(—jo) = F*jo)
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Fourier Transform for
Real Functions

o]
If /() 1s a real function, and F(jo) = Fr(jo) + jF(jo)

) F(—jo) = F*jo)
m) [,(jo) 1s even, and F(jo) 1s odd.
Fl=jo) = Fi(jo) F(~jo) = ~F{jo)

m) Magnitude spectrum |F(jm)| 1s even, and
phase spectrum ¢p(m) 1s odd.



Fourier Transform for
Real Functions

«c
If f(¢) 1s real and even If f(¢) 1s real and odd
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Example:
e«

1

tw(1)

*f(t) =w (£)cosm,t

I

—d/2

d/2

—d/2 4P

J VIV U

W,(jo)=F[w,()]= J‘_d/z e’ dt = 2 sin(%dj

F(jo)=F[w,(t)cosmnyt] = 2 +

d/?2 0

sini((ﬂ—mo) sin%(erooo)

W=, O+ O,




1l Wd(t) f(t) :Wd(t)COS(DOZ‘

: \ * M

a0 a2 " —~d/2 d2 l
J VIV \
] /2 o _ 2 . od
Wﬂﬂ@:fﬁ%@ﬂZjﬂf]cﬁ—gﬁ4}5)

sini(m—mo) Sini(ﬂ)‘l‘ﬂ)o)

F(jo) = Flw, () cos o,t] =—= 2

W=, O+ O,



Example:
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Fourier Transform of £°(¢¥)
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Fourier Transform of £ *)(¢)
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Fourier Transform of £ *)(¢)
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Fourier Transform of Integral
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The Derivative of Fourier Transform
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Basic Concept
S
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Basic Concept
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Basic Concept
S

fi(r). Causal Jo (lt)

System

A causal system satisfies
f(H)y=0fort<t, mmp f(1)=0 forz<t¢,



Which of the following

systems are causal?
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Unit Impulse Response
c |
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Unit Impulse Response
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Unit Impulse Response
c |
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> LTI System >
) h(?) AO)*h(?)




Convolution Definition
«

The convolution of two functions f,(¢) and
/5(?) 1s defined as:
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— fl (£)* fz (7)



Properties of Convolution
.
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Properties of Convolution

LHO* [,)= L) 1)

)
)

Impulse Response
LTI System

h(?)

h(?)
)

Impulse Response
LTI System

)

ﬁh(t)

h()*/(1)
)



Properties of Convolution
.
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The following two

systems are 1dentical

Properties of Convolution
.
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Properties of Convolution
.
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Properties of Convolution
.

f(t)*S(t)=f(t)| ) w57 (mmp f(2)
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Properties of Convolution
.
f@)*8(—-T)=f(t-T)
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System function o(z—7) serves as an

ideal delay or a copier.
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Properties of Convolution
.
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Time Domain Frequency Domain

convolution multiplication
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Time Domain Frequency Domain

convolution multiplication
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convolution

Time Domain Frequency Domain

multiplication
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Properties of Convolution
.
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An Ideal Low-Pass Filter



Properties of Convolution
.
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Properties of Convolution
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Time Domain Frequency Domain

multiplication convolution
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Parseval’s Theorem



Properties of Convolution
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Properties of Convolution
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If /,(¢) and f,(#) are real functions,
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Parseval’s Theorem:
Energy Preserving
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