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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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X(t) — x(t)
Fourier Transform and its Inverse for continuous nonperiodic signal
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where s = jw

oo

—0o0

Special case of Laplace Transform X(s) = [ x(t)e™*'dt
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X(jw) = /x(t)e_j“’tdt

—00

x(t) = % / X (jw) et dus

x(t) <2 X(jw)
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| | X(t) = e—atu(t)

| X(t) = e—a|t|u(t)

a > 0’
1
Xw) = L
a+jw

O < Fr <=

«=

fHac



|t| < T3,

|t| >T;
ZQM
w

x(t)

X(jw)

Or «F»r «=»

«=

fHac



X(w) _

X(t)

_M
=2

X(jw)

|w| < W,

|w|>W

fHac



Xq(t)

W I
Xo(t)
WEI‘II
— ‘Ir/wI “M-‘
—m/Wo L,
(i) i
| 1
—W, Wy | |

fHac




oo

X(w) = 2md(w — wo)

— 0

1 | |
o 2r / 276 (w — wo)e/¥ dw = /0t
EXample:

X(6) = sin(eor)

X(w) = ?5(w — wo) — ?‘5(w+wo)
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m Linearity : ax(t) + by(t) < aX(w) + bY(w)
m Time Shifting: x(t — to) < eIt X (w)
Example: x(t) = xi(t —2.5) — x2(t — 2.5)

X(w) = e—ffw/z{ sin(w/2+2:in(3w/2)) }
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m Conjugation and Conjugate Symmetry
x*(t) «— X*(—w)
x(—t) +— X(—w)
If x(t) is real, X(—w) = X*(w)
If x(t) is even, X(—w) = X(w)
If x(t) is odd, X(—w) = —X(w)
Even{x(t)} <2 Re{X(w)}
Odd{x(t)} 2 jim{X(w)}
Example:
x(t) = e—altl — etu(—t) + e tu(t) = 2eatu(—f)'2*'e_atu(t)
X(w) = 2Re{ 2a
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Properties of Continuous Fourier Transform

m Convolution: x(t) * y(t) PN X(w)Y(w)
dx(t)

m Differentiation: <—>JwX( )

t

m Integration : [ x(7)dT < J%X(w) + 7X(0)d(w)

[ X7 = ] x(mult —)ar L5 X()U(w)

u(t) = 3(sgn(t) +1) 7 3(2 +21(w))
[ x(r)dr o X(w)( + mo(w))

m Time and Frequency Scaling : x(at) N ﬁX(

)
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Properties of Continuous Fourier Transform

m Differentiation in Frequency: x(t) <i> L;SJ)

—Jtx
m Shift in Frequency: e/“0tx(t) < X(w - wo)
[2dt =

m Parseval’s Relation: [ |x(t)| = f | X (w)|?dw

m 2(t) = x(D)y(t) < Z(w) = %_}o X(0)Y(w — 6)d8

Example: p(t) = cos(wot) < P(w) = mé(w — wo) + 7 (w — wo)
\ Rlo) = o [S(e) - Plol
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Example:

B 20 4 ay(t) = x(¢) with a > 0

a+jw

Hw) = —

h(t) = e ?fu(t)

I 49 4 3y (r) = L 4 ox(t) with a > 0

x(t) = e ?u(t), X(w) = 3 +1jw
1/4 1/2 1/4

Y(w) = 1+jw+ (1+jw)?

y(t) —( e’
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