CT Fourier transform

— 4) differentiation

dx(1) e
dt

> X (J)

— 5) time-scaling

1 _Y(‘] )

x(af)«= >|a| .

)

— useful
() «Eo X (—jw)
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CT Fourier transform

— 6) modulation

e’ x(1) «—— X (j(®w - ,))

— 7) Parseval theorem

” - 1 oo ;
[ b@fde=——] [X(jo) do
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CT Fourier transform

— 8) convolution

y(1) = h(t)*x(t)«——Y(jo) = H(jo)X(jo)

— 9) multiplication in time

] e
(1) = s(p() > R(jo) =—— [ S(GO)IP(j(@~6))db
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CT Fourier transform

e Example: the differentiator system

. dx(t)
»(t) 0
— Then,
Y(jw)= joX(jm)
— and
. Y(jjo | '
H(jo)= X(jw)) =Jjo
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CT Fourier transform

e Example: an LTI system with impulse response

h(t) =e " u(t). a >0
— And the |nput )= €_brll(f). b=>0
— We know
X(jo) = H(jow)= :
b+ jw a+ jo

— Which leads to

|
(a+ jo )b+ jo)

Y(jw) =
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CT Fourier transform

— Using partial fractional expansion ( a=» )

| 1 |
Y(jo) = -
b—ala+jow b+ jo

— and,

1

- [e_‘"u(r) - e-bru(r)]

y(t) =
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CT Fourier transform

 An important example: s(t) with the following
spectrum

S(jw)
/R

— Wy w4 w

— Obtain the spectrum of () =s(Hp() where

p(t) =cosm,t
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CT Fourier transform

e We know that

P(jo)=mo(w—-w,)+mo(®w+®,)

P{w)

——- =]

#:}
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CT Fourier transform

— Using multiplication property 8):

l - . i = 1— jw) * j
R(jw)= %J‘.x S(Jw)P(j(w—-06))do Rlw) = 57 (80) + Plo)]
A/2
==S(jO - 0y)+ SO + @) o [ wo ®
= = (—wp = @) (—wg+ wy) (0o = w1) (g + w)

e Derive this result using modulation property
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CT Fourier transform

e Table of properties
PROPERTIES OF THE FOURIER TRANSFORM

Property Aperiodic signal Fourier transform

x(2) X(jw)
y(®) Y(jw)

Linearity ax(t) + by(r) aX(jw) + bY(jw)

Time Shifting x(t = tp) e " X(jw)

Frequency Shifting e’ x(2) X(j(w — wo))

Conjugation x'(r) X' (—jow)

Time Reversal x(—1) X(—jw)

Time and Frequency x(at) |—l-|X (ﬂ)

Scaling 5 “
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CT Fourier transform

e Table (cont.)

Differentiation in tx(t) jdiX( jw)

Frequency @
[ X(jw) = X*(~ jo)
Re{X(jw)} = Re{X(— jw)}
Conjugate Symmetry x(t) real  In{X(jw)} = —Im{X(— jw)}

for Real Signals X(jo)| = |X(- jo)|
| $X(jo) = —<X(~ jw)
Symmetry for Real and  x(r) real and even X(jw) real and even
Even Signals
Symmetry for Real and  x(¢) real and odd X(jw) purely imaginary and odd
Odd Signals
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CT Fourier transform

e Some FT pairs BASIC FOURIER TRANSFORM PAIRS
Signal Fourier transform

i are’ ™' 2m i ad(w — kwo)
& =
el 2md(w — wg)
08 wol m8(w — wo) + §(w + wo)]
sinwot g[S(w — w0) — 8(w + wo)]
x(t) =1 27 d(w)
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CT Fourier transform

e FT pairs (cont.)

= -y B2
8(n 1
u(t) i + 7 é(w)
Jw
8(t — 1) e /e
e “u(t), Rela} > 0 p +1 e

32

Mohammad Mahdi Naghsh

ECE. Dept., Isfahan University of Technology



CT Fourier transform

e Periodic signals
— Theorem: the FT of the periodic signal x(t) is given

by
X(jo)= D 2ma,8(w~kw,)
— Where
= L (72 : -—jka)ord
a, e _Tl.z,\(r)e t

— And T is the period of the signal
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CT Fourier transform

e Example: (power signal)

x(1r)

I I I I I I
58 ] T-T, I, T T T
] P

sinkw, T,
a, =——21L
k
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CT Fourier transform

—The FT

= 2smiw, T, .
X(jw) = Z i Lé(w —k@,)

k=-x
X(jw)
™
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Fourier transform of a symmetric periodic square wave.
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CT Fourier transform

 Example: sin function is a special case

x(1) = cosm, 1

X{jow)

& s
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CT Fourier transform

e A useful example: FT of the impulse train

x

x(1)= Y 6(r—kT)

k=—x

SNRENES

— Periodic
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CT Fourier transform

e We begin by computing

1 p+1/2 : 1
iy =— O()e™ ™ =—
8 T‘rvz () T

e Leading to ¥y =2 35022 )
k=—x 0

————
5

>

——

B
o
2y
=]
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