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Fourier Series Representation of CT Periodic Signals
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Page 193, Ex 3.5

Representation of Aperiodic Signals: CT Fourier Transform

= CT Fourier Transform of an Aperiodic Signal:
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Representation of Aperiodic Signals: CT Fourier Transform
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Representation of Aperiodic Signals: CT Fourier Transform
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= Sufficient conditions for the convergence of FT
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= Sufficient conditions for the convergence of FT

» Dirichlet conditions:

+oc
1.x(t) be absolutely integrable; that is, f [z(t)]dt < oo
N— T —— —0o0

2.X(t) have a finite number of maxima and minima
within any finite interval

3.x(t) have a finite number of discontinuities
AN —r—— N
within any finite interval
Furthermore, each of these discontinuities must be finite
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Representation of Aperiodic Signals: CT Fourier Transform
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Representation of Aperiodic Signals: CT Fourier Transform
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Transform

= The Fourier Transform @i@nals

= Properties

of the Continuous-Time Fourier Transform

= The Convolution Property
= The Multiplication Property

= Systems Characterized by

Linear Constant-Coefficient Differential Equations

Fourier Transform for Periodic Signals

= Fourier Transform from Fourier Series; 7~
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Fourier Transform for Periodic Signals

E Example48 |
z(t) = Z 5(t — kT)
e — g 2R
T8 (ot Lo socrvadl)
— . 2T I 2T
T o= Sl 5o
5o

(t)
eralth e

Feng-Li Lian © 2013

Outline NTUEE-SS4-CTFT-26

= Representation of Aperiodic Signals:
the Continuous-Time Fourier Transform

* The Fourier Transform for Periodic Signals

= Properties
of the Continuous-Time Fourier Transform

= The Convolution Property
= The Multiplication Property

= Systems Characterized by Linear Constant-
Coefficient Differential Equations




Outiine Nstoiktaes
Section Property
4.3.1 Linearity
4.3.2 Time Shifting
4.3.6 Frequency Shifting
4.3.3 Conjugation
435 Time Reversal
435 Time and Frequency Scaling
4.4 Convolution
4.5 Multiplication
4.3.4 Differentiation in Time
434 Integration
4.3.6 Differentiation in Frequency
4.3.3 Conjugate Symmetry for Real Signals
4.3.3 Symmetry for Real and Even Signals
4.3.3 Symmetry for Real and Odd Signals
4.3.3 Even-Odd Decomposition for Real Signals
4.3.7 Parseval's Relation for Aperiodic Signals
Outiine Nstoikties
Property CTFS | DTFS | CTFT DTFT LT zT
Linearity 351 431 5.3.2 951 | 1051
Time Shifting 3.5.2 4.3.2 5.3.3 9.52 | 10.5.2
Frequency Shifting (in s, z) 4.3.6 5.3.3 9.5.3 | 10.5.3
Conjugation 3.5.6 4.3.3 5.34 955 | 10.5.6
Time Reversal 3.5.3 4.3.5 5.3.6 10.54
Time & Frequency Scaling 3.5.4 435 5.3.7 9.54 | 1055
(Periodic) Convolution 4.4 5.4 956 | 10.5.7
Multiplication 355 | 3.7.2 4.5 5.5
Differentiation/First Difference 3.7.2 4.3.4, 5.3.5, 9.5.7, | 10.5.7,
4.3.6 5.3.8 9.5.8 | 10.5.8
Integration/Running Sum (Accumulation) 434 5.3.5 9.59 | 10.5.7
Conjugate Symmetry for Real Signals 3.5.6 4.3.3 5.34
Symmetry for Real and Even Signals 3.5.6 4.3.3 5.34
Symmetry for Real and Odd Signals 3.5.6 4.3.3 5.34
Even-Odd Decomposition for Real Signals 4.3.3 5.34
Parseval's Relation for (A)Periodic Signals | 3.5.7 | 3.7.3 4.3.7 5.3.9
Initial- and Final-Value Theorems 9.5.10 | 10.5.9
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= Fourier Transform Pair; m
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Properties of CT Fourier Transform

= Time Shifting:
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| = Time Shift =» Phase Shift: !

Properties of CT Fourier Transform
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- Conjugation & Conjugate Symmetry: "=/ <"
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= Conjugation & Conjugate Symmetry:

x(t) FLF X (jw)

— — (|
[mlit_)’* <i> X*(—jw)

-@){m\:\(ﬁ_ff(’jw; X*Gu)

==
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.@iﬁ;*u)ﬁ L (—t) = a(t)
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-
x(t) is real & even = X (jw) are real & even

—
o (1) is@& odd = X(jw) are{purely imaginary| &|odd
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= Conjugation & Conjugate Symmetry:

If 2(t) is & real function
NN

Ev{x(t)} + Od{x(t)} = ze(t) + x0o(t)

e

z2(1) =
—

= F{z(t)} = F{ze(t)} + F{zo(t)}

- a real function
=

a purely imaginary function
S T N ————

Ev{z(t)} = Re{X(jw)}

1 +

Od{z(t)} —— jIm{X(Gw)} ,
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= Example 4.10:
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i e —jwt
= Differentiation & Integration: X(w) = [ a(t)e "l

——
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< = FT of U(t) and 1(t) z(t) = %f_-:c X(Gw)e'dw X (jw) = /':‘jm(t)c Jut gy

oo i - —jwt
f w(t)e 7vtdt 1(t)e 7™dt
—00 -0 =
+oco
+o0 — 1 e—jwt
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1 . -
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= Example 4.11:;
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sld=ule) «23 bmi=7

e

A\

9(t) = 3(t) +— G(jw) = 1(f]

s
e

5 = /joog(?')d'r

——

-——

X () = ﬁc(jw) + 7G(0)5(w)

a(t) = iu()ﬁ) L Jjw [1 + 71'(5('11})] =1
dt Jw

Properties of CT Fourier Transform

= Example 4.12:
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Ex44 X( ) Sin(le)
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= Time & Frequency Scaling:
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+o0 .
z(t) = 1 / X(jw)e’ dw
27 Jox

oo .
X(jw) = / x(t)e 7" dt

2(t) <= X(jw)
- , z1(t)
z(at) +— | —X (B) | w2 (t)
— la|  \a
1 t . -TiWa /W,
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A ) -W, W,y w =Wy W
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Properties of CT Fourier Transform

= Time & Frequency Scaling:

ot
K{ z(Q\t)
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G .
() = ] / X(Gw)e dw
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2 Sin(’le)

X4 (je)

Example 4.4
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Properties of CT Fourier Transform NEEnEgE-_LiS ;ij-nC(? FzToi,1
= Duality:
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+oo _ +o0 -
Bls)= [ A(medr B(-s)= [ A(medr
= a—
A('T) = —f B(S)eh‘ds A(S) — _/ B(T)B*’MTd’T
2?T —00 271' e
— —

+oo _
A(—S) — %/_ B(T)e—_}.b"rd?_
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= Duality:
2(t — to) (i)@(jw)
2(t) s X(jw) f—;;’(*) s juX (jw)

't F 1
/ z(r)dr +— —X({Jw)+ 7X(0)dé(w)
- Jjw

(t) PN ]—d—X(jfw)
aw
—

@(w s X (w—wo))

Qe + 72050 < [ XCnan
Jt ==
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Properties of CT Fourier Transform

. T i e jw e’ dw
= Parseval’s relation: Mz [ XGuyera
X(jw) = /_—::G x(t)e It

a:(t) PN X(jw)

:'/ o (t)|2dt —@/ X (jw) [2dw W

f+ () Pdt = / o(8)a" (£ dt

o0 — 00  —
N

= /+OO x(t) [% /;—:o X*(jw)e‘jw':dw] dt

— o<

— . 5
1 +oo +oo .
= = / X* (jw) [ / a:(t)e_-?w‘dt] dw
271’ —00 —00

1 oo
o [ 1XGw)Pdw
2T J—
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= Representation of Aperiodic Signals:
the Continuous-Time Fourier Transform

* The Fourier Transform for Periodic Signals

g\ogq&%- Properties

of the Continuous-Time Fourier Transform

§ﬂM\ * The Convolution Property
4}\& = The Multiplication Property

= Systems Characterized by
Linear Constant-Coefficient Differential Equations

Convolution Property & Multiplication Property ot an 0208

= Convolution Property:

y(t) = 2(0) xh(t) <= Y (jw) = X(ju)H(jw)

—————————

= /_O:o w(r)h(t — 7)dr
= Multiplication Property: o 1 r(t)

P = s(Op(t) < RGw)= - [ SGOPG(w = 0)ds

s SEW) % Pl)
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» From Superposition (or Linearity): #Gkwo) = [~ n@e

‘ H(jkwqo gejkwot >
,*(akwo)eﬂ*wo

X (jkwo) H (jkwg)e’ 0wy

[ejkwot —

X (jkwo)e’ kwo@—b

x(t) =—
+oo ' s | -
> X(jkwo)eVwg lim =] X(jkwo)H (jkwo)e™ %'wo
i =—o0 o ki=—on
[ xGuye L 1" xGuytGuyean | =0
- \/a\/\/ I
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= From Superposition (or Linearity): I

1 +OO 1 +OO i
Z X (jkwg)e* 0y — > X (jkwo)H (jkwo)e’ 0w |

Qﬂk k— — o

7

y(t) = %f_:} X(Gjw)H (jw)¢“ dw i

— [

e

1 +oq .
Since y(t) = 2—/ Y(jw)’ejw‘dw -

=>lY(jw§ =];((jw)H(jw [

y(t) = o(t) x h(t) —— Y(jw) = X(jw)H(jw) -
ELE) hit) Gw) [

~

——
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I (t) = i = iu) el tdw
= From Convolution Integral: 2 =5 [ XGuyerd

XGu) = [ T (et
(;(t)/—/ 2(T)h(t — T)

= Y(w) = Fly@t)} =
@J,(T)Oh(t—r)e @dt]
'—/ I(T)@‘E:m dr

F LI 8
2(t — tg) —— e TY0X(jw)

= Y(jw) = H{Hw) X (jw)

" e ™
— —

Convolution Property e

_ — )
= Equivalent LTI Systems: ,, [, {4 @_@

(@)

2(t) = hi(t) K xz(t)
Z(jw) = H1(jw) * X(jw)

F .
ht) —— H(jw) y() = ha®) Y =)
impulse frequency Y(jw) =— Ho(jw) » Z(w
response response

= Ha(jw)* H1(jw)*X (jw)

y(t) = z(t) = h(t) X() | H 4 (j 60} H o 0) > y(t)
. ——d {

Y(jw) = X(jw)H(jw)
— e "

X(1) | Ho(j ) Hi(jo) > y(t)

A J

= Y(jw) = Hy () Ha(Gu) X (jw)

B B = hte)k o) X xd




Convolution Property

= Example 4.15: Time Shift
z(t)

| m
—
X (w) Y (jw

L

h(t) = 8(t — to)

= H(jw) :< e~ Jwto )

Y(jw) = Hw)X(jw)

Feng-Li Lian © 2013
NTUEE-SS4-CTFT-53

1 gt -
2(t) = — / X(jw)e’ dw
27 Jox

oo .
X(jw) = /_m x(t)e 7" dt

v o ,
2(t — tg) +—— e JYOX(jw)

O
T .U

L)

N
it

Convolution Property
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= Examples 4.16 & 17: Differentiator & Integrator

y(t) = —:v(ty

= Y (jw) @ (Jw)

x(t) — ?éE — y(t) =>¥‘H(j‘w) =\ji-]

y(t) = /t x(T)dr = h(t)

OO0 em—

’\

w(t) impulse response

= Y(w)
—

1 + oo . -
z(t) = —f X(Gw)e’ dw
27 S

oo .
X(jw) = [ x(t)e "dt

— " —7
N =>J H(jw) :/,L—f—ﬂ'(@
z(t) — J — y(t) — A

H(jw)rX (ﬁu_)_

L X (w) + 76(w) X (uw)
j’w

/;UX(jw) + ms(w)x@

—_—
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= Example 4.18: Idea@pass Filter | “©=5
x(t)

NTUEE-SS4-CTFT-55

xGuw) = [*

Feng-Li Lian © 2013 [

+oo .
f X(jw)e’ dw

o0 .
x(t)e 7" dt B

—
X (jw)

Hjew) fl
1

Huy= Sl
= W
0, |w| > we o) 0 o
<+—Stopband Passband Stopband —

y(t) -
Y(Gw)  y(t) = h(t) * z(t)

Y(jw) = H(jw)X(jw) I

Convolution Property

= Filter Design:

H(jw) = / “ (e tdt

— 00

6(t) h(t

NTUEE-SS4-CTFT-56 -
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—

(1)

H(jw) = [7 h(t)e 7etat

X (jw) = / ~ z(t)e Ivtdt I [

fron@m)

1 +o0 .
= y(t) = g/_ Y (jw)e™tdw

| v(®) = h(t) » m% :

= /m h(t — 7)x(rT)dr -

X
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= |nterconnections of Systems:
e Audio System:

Microphone
or Tape

+25

T T LI I T T T I LI LILL
+20 - 1
+15 |- Switch position 1 .
@ +10 ?—m
hX
2 459 ‘\ —
é ol Switch position 2 -
H
E -5l —
]{ 11 Ll ‘ 1 | 1 1 1 L1 - 1 L1 111 1 L 1 L 1 11 L1 |
20H: 30 40 60 200 400600 Tz 2 3 4 6 810 20 201z30 40 60 100 200 400600 1wz 2 3 4 B 810 20
Frequency Frequency
(a) (e
+2s LI T T T T T T T 17T
20 - Upper limit =
+15 |- -
@ +10 ==
-
2 45 = mi
& >
a of -
§ Lower Emit
-5 ]
1ol m /_\
-15 11 111 1 1 | 1 1 1 L1 1 .
20123040 O 100 200 600 1hHz 2 4 6810 20
Frequency
(b)
Convolution Property il b
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= Filter Design:  HGw) = [~ n(t)e"dt

—
x(t) y(t) = h(t) x x(t)

Y (jw) = H(jw) X (jw)

R o=k,
RC circuit
¢ F _ 1
h(t) =e ‘u(t) «— H(jw) = ———
Jw—+1
i ulse frequenc .
h(t) 'mp AUENSY 1 H(jw))

response response
LN
e I
1

1 1 t - |1
(a) ()

I
I
I
I
1




Convolution Property e

= Example 4.19:

=(t) —»_—@r }\(E)X ’)((f)

= H(jw) =
/ a>0 (Jw) a+ jw
z(t) £ e %u(t),/ b>0 = X(jw) = =
y b+ jw
= Y (jw) = H(jw)X (jw) 2 -
W) = w w =
J J J P
< -
if 4% b -1 L
o— b—ala+jw b+ jw
o
Convolution Property g
= Example 4.19:

1i1 1

b—aka+jw”b—|—j'wj

- ——— E—

ifa#0b Y(jw) =

— \ —at —bt
% y(t) ¥ - [e u(t) —e u(t)]
fo=b V(iu)=—"
— 4 (a4 jw)?
since  e~u(t) < 1.
a -+ Jw
i Food[ 1 ] 1
and  te “u(t) «— j o L —I—jw] = (et ju)2

= y(t) = te”“u(t)

e

—




Convolution Property N-?f,?éé?fﬁﬁ%ﬁ

u Example 4.20: h(t) @ H(jw) = /0:0 h(t)e~wtdt

= Y(jw) = H{jw) X (jw)
N X (jw) H(jw)
1
e

= j’w - N AN
D& O

0, otherwise

( ) 1, |w| < we '
= HQw) = \(g‘t\))
0, otherwise —-S -

1, <w \( oy W
R mu,r):{ ] < wo it (U, We)
0, otherwise

wo = min(wc, ’U)?;) W’ we < wy
' Sln(wot) = y(t) — sin(wz-t) > )
e ﬂ-t Tt . w(.’. - w‘l
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= Representation of Aperiodic Signals:
the Continuous-Time Fourier Transform

* The Fourier Transform for Periodic Signals

= Properties of the Continuous-Time Fourier
Transform

= The Convolution Property

= The Multiplication Property
~~—

= Systems Characterized by
Linear Constant-Coefficient Differential Equations
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Multiplication Property

(t)
(jw)

ﬂ‘(f)

= Convolution & Multiplication:

y(t) = () #hlt) + YGw) _[m@
t[\/r,('r)h(t s fr)a%
B35 Sa.

(gw)

4 =rstk)p§4) < RGuw) % [ SG6PG(w-0)do

= Multiplication of One Signal by Another:

 Scale or modulate the amplitude of the other signal
Modulation

Multiplication Property Feng-Li Lian © 2013

o NTUEE-SS4-CTFT-63
S— = 00 .
X(jw) = /+ :.':(r.)e_“q*”dt

= G = [ e EEE

W W-0 WS W- 6
= [ sy |
@s(t){—@P(j@)ejg@}e‘jw
— [ P(9) s(t)e 2= ar) do

f J [D g(j(m-&)

W *QA ~
= — _OOP(gf?)S(j('w 0))do| = %[ZP(j(w—Q))S(je)de
NN\ S—r—

— e

G .
/ 2(t) = 2_111‘ /-o: X (jw)e" dw

e




Multiplication Property e 2

= Example 4.21: () =@
) —
j\A o s(t) += SGw)

_ N\ Wy, W) 7 :
0 . p(t) «— P(jw)
Wt
A»udo ) W o p(t) = cos(wgt)
— a9 ‘)
> P(jw) =[mé(w — wg) + 16 (w + wq
Wb L ‘

._>)
N [@ O[S(gw) « P(jw)]

A nﬁ,_[swn(& 3!73; == |7 5GO) P~ 0))ds

2 J[ T J—cc — e
/ﬂ;\‘\r—\—-—-f{f&/‘ 1 . 1 .
Cm=w) (ot e g e e = ES (;} (w — wo)) + 55 (j (w + ’wo))
'—Wq’ﬁlﬁv 1\ —W\Wo '('\A)\ —

Multiplication Property e 2

= Example 4.22: = r(£)p(t)
S, T
M r(t) < R(jw)

]
(a)

ﬂ P{juw) W

o . s o a )
-Wo 7 | Wy p(t) +— P(jw)

AN .
. p(t) = cos(uot)
P L/\\

@ éj{,G(:fw)— [R(jw) * P(jw)]

21
P\\ '\—k
P\ |
_,{T«» _// [\“ I _'-.Zjl?_

g,z\u:s 0 m © QWO




Multiplication Property e 2

1 g+ . .
a(t) = —f X (jw)e dw
2w J—sc
+oo

= Example 4.23:

X(jw) = x(t)e 7" dt

.o . °°
. sin(t)\ [sin(t/2) -
o ﬂ( Tt ) ( Tt )
— ;
X (jw) = %F{Si:f)} ) f{smgtp?

w) Hij)

1 L
"2 2
1/2
2 2 2 2
Multiplication Property FengLi Lian © 2013
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m Eangbasg Filter Using Amplitude Modulation:

Ideal lowpass
filter

<
oy 0 @ of

-

/ﬁm_




Multiplication Property e 2

. Bandpass Filter Usmg Amplitude Modulation: 77@ aly

el wet <—:~ 270 (w — we
\J' ot » Ideal lowpass 9 We | b\J

filter
H(j o) ~W,
wit)
F‘-—’IZ () - (1)
V=DM

Y(jw) = X(Gj(w—-—w:)) = 1 7 F(jw) =W (w4 we))
o) Xk A\') ) Fliu)

e

Q;w1.>[,()c ~We = WO —we 4+ wo
1
itisk el °*§aﬂ’\¥_’

_ y Hijw)
w E/ WTw]

™ L
=~ wg ; e dl
Multiplication Property Feng-Li Lian © 2013
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= Bandpass Filter Using Amplitude Modulation:

(®)

* On Page 349-350, Problem 4.46 1. K




TABLE 4.1 P

ERTIES OF THE FOURIER TRANSFORM
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/ Property Aperiodic signal Fourier transform
e X0 X(jw)
0] Y(jw)
4.3.1 Linearity ax(t) + by(r) aX(jw) + bY(jw)
432 Time Shifting x(f = to) e X je)
4.3.6 Frequency Shifting e x(r) X(jl@ — w))
433 Conjugation X0 X'~ jw)
435 Time Reversal x(=1) X(— jw)
1 jeo
4.3.5 Time and Frequency xlar} X (J——)
Scaling lal“\'a
4.4 Convolution x(t) = w(r) X(jw)Y(jw)
Tt L | [ -
4.5 Multiplication x(0)¥(r) EJ.QXUO)YU(W — B)d6
434 Differentiation in Time % (1) JoX(jw)
434 Integration I x(f)dr j%Xl’jm} + wX(0)8(w)
4.3.6 Differentiation in 1x(r) jdi)(( Jjw)
Frequency @
X(jw) = X'(- jw)
Re(X(jew)} = Re(X(~ jo)}
433 Conjugate Symmetry x(t) real IndfX(jew)} = —Im{X(- jw)}
for Real Signals XGew) = X(— jw)|
*X(jw) = —LX(= jw)
433 Symmetry for Real and  x(r) real and even X( jw) real and even
Even Signals
433 Symmetry for Real and  x(r) real and odd X{jw) purely imaginary and odd
Odd Signals
433 Even-Odd Decompo- Xe(t) = Svlx(O} [+ real) (_Re{xu?')}
sition for Real Sig- Xolt) = Od{x(r)} [x(1) real] Jam{X(jw)}
nals
4.3.7

Parseval’s Relation for Aperiodic Signals

I ’ |0 de =

| R
ﬂ[_1 X(jw) dw

Feng-Li Lian © 2013
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TABLE 4.2 BASIC FOURIER TRANSFORM PAIRS

e—

Signal

Fourier transform

ourier series coefficients

(if perwl,
—

Z agelten 27 Z ad(w — kwy) aj
-~ T ———
ay = I
8 —
:217 @ = @) : a; = 0, otherwise
e
(8w — wp) + 8(w + @ = -1 = 3
A bl el = ay = 0, otherwise
@ —[8(w — wy) — S(wD ) = —a-) = 3_;.
J « =0, otherwise
7 ——— w=1 a =0 k#0
x(n) =1 27 8(w) this is the Fourier series representation jor
any choice of 7 > 0
Periodic square wave
w=|Y <7 5 2sinkwoT T kooT,\ _ sinkwoT
MW=1o 1,<p=1I > S0 @ - kwo) 2! sine (ot | = 2o
C - k T T kar
and k=
x(t+7T) = x(0
%’“ L e 2‘” g‘ o z‘rk\ l £ .. 11




and koo ) ) D © 2013

x(t+T) = x(0 TFT-72

S 8- nT) Q—Tia( 2’”‘)

1, |<T 2sinwT,
0, lf>T

e “u(r), (th/“

te” " u(t), Rela} >
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= Representation of Aperiodic Signals:
the Continuous-Time Fourier Transform

* The Fourier Transform for Periodic Signals

= Properties of the Continuous-Time Fourier
Transform

= The Convolution Property
= The Multiplication Property

= Systems Characterized by
Linear Constant-Coefficient Differential Equations




Systems Characterized by Linear Constant-Coefficient Differenti%ﬁﬁﬂggﬁ

= A useful class of CT LTI systems:

&g N—l? 1
6’# "(f)+ Ay 1—ddtNi§”+ RET. . S

dtN __ dt
m dM—1g(t dx(t
=b};@+5M—1(ﬁT_g)+'“+b ()-i—bo (t)
dby(t) dkx(t)
T gk dtk

= V() = XGuHGE)  HGw) = 122 . FT }\@)

— X(Jw) -

Systems Characterized by Linear Constant-Coefficient Differentiaf &#ugli

N o gky(t) - dkz(t)
He#) AR
N dky(t) B M g{dkx(t)
;;.ak gj dtk 5 N dtk
= & bp(jw)* X Gw)

0 '—\#—

M
X (jw) [Z bk(j’w)k]
k=0

= M) - -)‘(( w) N Nk anGw)N + -+ + a1 (jw) +£
— > ar(jw)

k=0

M
> bpGw)* |
Y(jw) _ =0 _ | barGw)™ 4 - + by (Gw) + bo




Systems Characterized by Linear Constant-Coefficient Differentiaf Etualais.

Y
= Examples 4.24 & 4.25: =%
a ut “y(t)& J))‘”“)} - HGW >
Gw)Y (jw) + aY(Jw) = X(jw) —  h(t) =(e_atu(t

—

2? £X
% ddigt) 10 ; g(d ® , (t>

(Jw) +2 (Jw +2)
~ Gw)2+4Guw) + 3 (Jw+ 1)(.7w+3)

= H(w)
@@ \)m

Systems Characterized by Linear Constant-Coefficient Differentiaf Ejudhdis:>

= Example 4.26:

2(t) =€ U(1)) mmmm— y(t) 77?7
r
o
= Y(w) = X(QGw)H(Gw)

- [ [ty
w+ 1] [Gw+ 1) Gw +3) o

Jw 4 2 / !
G+ 159Gw + 3) e
11 ) 1 11
- 4ij—|—1) 2 (jw+1@_ 4 jw+3

= y(t) = [Ee't + ~te
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X(jw) of Aperiodic Signals and a_k of Periodic Signals
L}

ar = —X(Jw |

B = 5 (J )w:kwo
“+oo

X(Gw) = > 27 ap 6(w — kwg)
k=—o0
+oo %
= Y 2r X (jkwo) 8w — kwo)

k=—o0

w = muwg

+o0 1
X (jmwg) = z 27 TX(jkwo) d(mwg — kwg)

k=—00

1
=21 = X(j
T = (ymwg)

= 2 =T

Feng-Li Lian © 2013
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X(jw) of Aperiodic Signals and a_k of Periodic Signals
1 :
ap = ?XQ(JTU)‘

w=kwq

+oo
Xp(jw) = Z 27 ap 6(w — kwg)

k=—cc

+oo
1
= Z 2 TXa(jk:wo) d(w — kwg)

k=—cc

w = muwg

+00 1
Xp(jmwﬂz Z 27 ?Xa(jk:'wo) 5 (mwg—kwg)

( k=—o00
1 .
=25 7 Xa(ymwp)

—_—
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X(jw) of Aperiodic Signals and a_k of Periodic Signals

X(jw) Xa(ju;)
2T,
ro(t) T =1
l.——‘ "'\\_//-\\/\ ’\//-\\""/:;
=7
sin(wT’ sin
T—a wo=2m/A=m/2 X,(jw)= 2 % = 2 Iff“)
zp(t) )
o5 [ W 1 I L B R B S W
-2T T ;_ -T, T, ; T 2T t T ’w:k”wo
2sin 2 [
= Xp(jmuwo) = (m1/2)" — ora _ sin(kr/2)
m o ' o T |
m 0 1 —?Xa(meD) s Xp(Jw)
o (12 17 =T |
2Tam T 2 ] ‘
Xp(meO) @ 2 g = \thx'T\‘\ ;:__m wo - !«’T\\_\L/ =k
Xo(Gmwo)!l 2  4/m o Ny Ny
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Chapter 4: The Continuous-Time Fourier Transform NTUEE.SS4.CTET.61

» Representation of Aperiodic Signals: the CT FT
= The FT for Periodic Signals
= Properties of the CT FT

Linearity Time Shifting Frequency Shifting
e Conjugation Time Reversal Time and Frequency Scaling
e Convolution Multiplication
« Differentiation in Time Integration Differentiation in Frequency

» Conjugate Symmetry for Real Signals

» Symmetry for Real and Even Signals & for Real and Odd Signals
» Even-Odd Decomposition for Real Signals

» Parseval's Relation for Aperiodic Signals

= The Convolution Property
= The Multiplication Property

= Systems Characterized by Linear Constant-
Coefficient Differential Equations
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Questions for Chapter 4

= Why to study FT

 In order to analyze or represent aperiodic signals

= How to develop FT
* From FS and let T -> infinity

= Do periodic signals have FT
* Yes, their FT is function of isolated impulses

= Why to know the properties of FT

* Avoid using the fundamental formulas of FT to compute the FT

= What the duality of FT and why

e FT and IFT have almost identical integration formulas

= Why to know the convolution property
» To analyze system response and/or design proper circuits
* To simplify computation

= Why to know the multiplication property

* For signal modulation with different-frequency carriers
* To simplify computation

Flowchart NTUFE-S54.CTE1 85
Signals & Systems (Chap1) LTI&Con>@on (Chap 2)
/( Bounded/Convergent \\
Periodic Aperiodic
CT Ch
FT or s

— _J

Unbounded/Non-convergent

LT CT (Chap 9)
\ ZT DT (Chap 10) /
Time-Frequency (Chap 6) Communication  (Chap 8)

CT-DT (Chap 7) Control (Chap 11)




