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4.0 Introduction
* Aperiodic signals
» Approaches to derive Fourier Transform

- Eigenfunction approach
- Extending Fourier series by letting the period become infinite

y(t)=| "h(x)x(t-7)dr

= [ "h(z)edr

y(t)=e™[ "h(r)e dr

y(t) =H(jw)e™ H(jo)=| h(r)edz
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4.1 Representation of aperiodic signals
. the continuous-time Fourier transform
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4.1 Representation of aperiodic signals
. the continuous-time Fourier transform

2sin T,
Plots of Ta, Ta, =
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()= Yaen N
k=—0o0 )
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1 e¢T/2 _ . .
a, =—[  X(t)e ket “
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R =2 3 X(jka)e" = - 3 X(jka,)e* o,
T k=—0c0 272- k=—c0

x(jw)eju}l

X{jkwp)e! 0t - 2
o ,.h

Area = X(jkmgye™0' wy

Kug o)

If T goes to infinite, @, becomes 0, kaw, — w, and X (t) — x(t).

1 fio ] .
x(t)=—| X e'“*d
0= [ X(jo)e"do

Inverse Fourier transform

X(jo) =] x(t)e™dt

Fourier transform
or Fourier integral of x(t)
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4.1.2 Convergence of Fourier transform
T >

Square integrable

1~ . Sufficient Conditions
Dirichlet conditions

Why not necessary conditions? Periodic signal

4.1.3 Examples of CT Fourier Transforms
Ex. 4.1) x(t) =eu(t), a>0
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Ex. 42) X(t)=e", a>0 @

[ g ?llgmiotgy | ‘

o —00

X(Jo)
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=| e ldt+ j e e I dt
o —0O0 O
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Ex.4.3) X(t) =0o(t) x(t)
X(jo)=[ s(t)e™dt=1

t 1 |t|<T, o
Ex. 4.4) x(t) = 1| —— | =

2T, 0, [t|>T,

+T; .
X (jew) = j_Tl e 1 dt
T ol ol
1 oot eJ —e! /
— | — |
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sinc (0)

 Sinc function

. In
smc(6?)=S 70
44d ~ N\ SN
\—{’3 -2 -1 0 .1 2 é\'_/ 7]
sinwt  sin(z¥%t) w _ (\th
= = SINC| — X{jo)
it et o7 T
EX. 4.5) X (i) 1, ‘a)‘<W Ll -
Jo) = .
0, ‘a)‘>W ®
x(t)
1 v . sinWt
X()=—| e"dw= Wi
(t) 27rjVV il
—a/W W t
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Note) Duality (X () <> 22x(—w)

o) x(®) =~ [ X (jo)e!”do
27T 9=
27x(t) = j_‘” X (jo)e dw
27X(—t) = f" X (jo)e 'dew = j°° X (r)e ¥dr

27 X(—w) = L © X (t)e dt

1w

1, lt|<T - S‘””[ j
X(t) = f<T, X (jo) =23l _ o7 7 _ oTsind o
T

0, ‘t‘>Tl @ ' ﬂ_(le 7T
%Tlawl T

(W W, . (W sinW,t L o<W
X (t) = 2W,sinc| —2t | <> 22x(—w) {@mm) —Lsinc| —1t |= L s x(w) = !
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Fourier transform pair for several different values of W

X(1)
W /m
xolt)
W/
/Wy W,
t t

— /Wy /W,

Xy (jm) Ka{iw)
1 1
—W1 W1 =] W2 W2 [sH]
(a) (]
x3(t)
Wo/n
— /Wy W t
Xs(jw)
1
Wy Wy
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4.2 The Fourier transform for periodic signals

The Fourier transform of a periodic signal can be represented
by using delta functions.

X(Jo)=2m(w—w,)

KO == [ 275(0-a,)e do =™
27 Y~

X(Jw)_Zmak(S(a) ko) <2 x(t)—Zake’k%

k=—c0

: Fourier series representation

of a periodic signal
When @, =0, 1 <% 25 (w)
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EX. 4.6) -I

T T

27 t

N
- =

Z 278, 6 (0 —Ka,)

k=—o0

X(Jjow)
_sin(ke,T,)

w ]
a = 2sinkayT,
K x = S(w—Ka,)
k=—o0
L1 X(jo)
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20 2 e S R l ! , l Sk e sl
~. Y. \\ S oy Wy I YT e
@ Y. Y.
0. 195, Fig. 3.7(a)
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Ex. 4.7)
ot e—ja)ot

1) x(t)=sinot=

ZJ X{joo)
/]
.-,alzi_,a_lz—i_,ak:() (k-?t—l,l) j
2] 2] . T
= X(Jo) =278 ,6(w+ ) + 2786 (0 — ) 0 0w

/] (a}
=-Z5(0+ @) + = 5(0- @) "’
J j

= Jno(w+ w,) — J76 (0 — @) "

i) x(t)=cosmt

—- 1}
_--*-.:‘

As a similar manner

—ng 0] U ]
X(jo)=n0(o+ w,) + mo(0—w,) o
SR
.\?< \'@- :
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Ex. 48) X(t) = fa(t—kT)
k=—00

l +% — ikont 1
a, =—| ot)e " rdt==
‘ TJ—% © T

X(jw)=2ni(%) W — ka)0 25(0)——]

X(t) X(Jjw)
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SRR
2T -1 0 T o2t A Z . 2T
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