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CM18 231107T

Announcements
1. Messages from Instructor

o Goal of Life: Self-Fulfillment and Contribution to Collective (RIOtA &, SEK| 7|0d)
= Attitude: Exceed the expectations! (Z|CHE HO0{A{2})
o "Ot= Z0| ¢lO|C} HfR1OF F& &O[= oLt -H 2, A ES-
o otg (HI®X «9]7])
= Theory Learning (0|2 H{27])
= Problem Solving (24 £7I)
= HiR7[Qt 95]7]9| 7
o How to Learn
= Stop and Think; =77} chess master & ZH=C}; Find commonality, similarity, and
difference

o How to Practice
Purposeful practice with 3F: Time, Focused Action, Experience, Lesson, _
Feedback, Fix, Growth
o How to solve? How to understand? ((S))implify and ((V))isualize:
» essence, simplify; generalize; consider extremes; mental representation,
representational examples;
» Venn diagram, necessity and sufficienciency, existence and uniqueness/plurality
o An imperfect classification rule is better than no classification rule as long as
you recognize the imperfection and update your rule.
» block diagram, G(V,E); graph of a function, algebraic vs. geometric
interpretations, mathematical vs. physical/engineering interpretations/implications
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2. Net 2ol =3/2 2 Are
o x[n] = eAjWomega n is NOT a periodic signal in general. However, #omega is still Xmd= e:)\‘“"" V"] wWo=—2Z —
called a (radian) frequency. ' k
Sel™ 200
W= Y = xdtg)
3. HW, Quiz, and Exam /
o HW10 will be assigned by this Friday. Due will be next Tuesday.

4. Zo| Xt= 1
o Handouts and annotated pdfs are downloadable from the non-PLMS class kj
homepage at http://cisl.postech.ac.kr/class/eece233/schedule.htm. ~

o Recorded CMs are available from cisl.postech YouTube channel. Please place
clickable time stamps.
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5. =4
o EZMENO CHel MXEZAA|A-( https://wpsc.postech.ac.kr/eams/login )= ZHOISHM| Q.
E8ARZE (e 2d2 SHE HES FAMa.

6. Overview (The numbers are the chapter numbers of the textbook)
1. Signals and Systems
2. Linear Time-Invariant Systems
3. Fourier Series Representation of Periodic Signals
4. Continuous-time Fourier Transform
5. Discrete-time Fourier Transform
6. Time and Frequency Characterization of Signals and Systems
9. Laplace Transform
10. Z-transform
7. Sampling
8. Communication Systems

7. Review
o Q. Frequency response of an LTl system, commutativity of convolution, and Frequency Domain
representation of the input?
o Fourier's derivation of R B L. NP, O S B
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© (. Frequency response of an LII system, commutativity of convolution, and Frequency Domain

representation of the input?

o Fourier's derivation of L[ 8
S S

g . .
0«2’ = Analysis equation
. . . . %_
c from CTFS by usmgf_eriodlc extens:o_n_ !5[3: 2 x@iT)
o Def. of CTFT e W=
= Continuous-parameter to continuous-parameter Fourier Transform = continu
continuous FT
o Simply, we call it the CTFT.
= existence and LAL(

N\/VV“" oa =
Xt < )5 b it =(Sheto [ar-c o0,
= sufficient condition
o Def. of CT inverse Fourier Transform

= continuous-to-continuous inverse FT
= existence
= sufficient condition
o Def. Fourier-Plancherel Transform
= Def. L"2(R)
o Examples
= Dirac delta, delayed Dirac delta

8. Preview
® right-sided exponential function
= rectangular pulse
= sinc pulse
= Gaussian pulse
= CTFT and CTFS = CTFT of periodic signals
o Properties of CTFT

X = XG2W%i D= 8218

Example #1

\delta(t) <—> 1
(@) x(t)= 6(1) e~{i2\pi f_0t} <-> \delta(f—{_0)
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(a) Xt (5(I) e~{j2\pi [_Ot} <—> \delta(f—f_0) \ /\H‘g\ﬂ
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AV N~
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n in o) = ifxefmdm — Synthesis equation for &(7)
hnsform Lo 2mad >
clta fto]c}. J%thu)j
(b) x()=0(-1,) 5 ‘
X(j“’)=f_m (A 1 }L— _a
= g /% — Linear phase shift in © / d /-\4)’- H?”)

9
9], e~r{j=omegal 9 o]¥ harmonic =& X% countable sums}#
impulse train®] 2.1

o] 71 A= e~{j=omega}l & ¥ Y54 uncountable sum
(=integrate) 31 impulse?} U-& 0= 125

/Example #2: Exponential function \

right—sided

exponential |function T
& circuit theory,
controlollA] I =g

e
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X(0) is not t
DC compone
2X(0)Delta_{
the DC
component
around | f] \le
Delta_f.
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Example #3: A square pulse in the time-domsin \
(TobineT,) ;@""

. L
X(Jw)=f_Tle "t dt @_n)

X(jw) S
x(t) 2m, [ X(edo
1
m V/\ r /\Vﬁ
Ty Ty T, T o
/’

Note the inverse relation between the two widths = Uncertainty principle

Useful facts about CTFT’s

f X(0) = f‘m x@)dt Example above : f _:x(t)dt =27 =X(0)
" x(0) = if+wx(jw)dw Ex. above: x(0)=1- if‘” X(jow)dw - LY 27T, x =
27'[ —o Pz Al . 2n 2 7{
2%
L x (Area of the triangle)
2n
11
strictly time—limited signal> -3t 71A] F3}4= A2 2=t
strictly band—limited signal-> -3+l 7}A4] time A8 2hi=t}.

Q. True or False: A CT signal is either time—limited or band—limited.
A. No.

There are CT signals neither time—limited nor band—limited. Ex.
Gaussian pulse in the next slide.

~=2 2

We have a
duality. To
obtain the
value of x(t)
at t=0,
integrate the
CTFT and
divide it by
2\pi .
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Example #4: x(t)=e"* — A Gaussian, important in
a>0 probability, optics, etc.

o0 2 .
X(jw)=f e e ar s X(w)= T e
- = a

X(0)/32
-JY2aln2  2aln2

(Pulse width in 7)*(Pulse width in w)
= At'Aw ~ (1/al2)e(al2) = 1

Also a Gaussian! (Uncertainty Principle! Cannot make
both At and Aw arbitrarily small.
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standard Gaussian random variable N(0,1) 9] characteristica function<-
o] 3] bell curve©]t}.

In other words,

the CTFT of a bell curve is a bell curve.



In other words,
the CTFT of a bell curve is a bell curve.

As a rectangular pulse, a Gaussian pulse can be used to approximate
the Dirac delta function when the width decreases and height increase
with the product fixed.

oAl CTFSS} CTFTE 43| nat 1

T
X(D=SHH) = eI ZHT

/ CT Fourier Transforms of Periodic Signals

Lo

1 = s L..5
x(f) = —f 6(w - wy)e™"dw = —e*™"  __ periodic in 7 with
2= 2
frequency w,

That 1s & — 21(w — ,) — All the energy is
concentrated in one
frequency — w,

e~{j2\pi _0 t} <—> \delta(f—f_0) o]c}.

More generally, if x(z) = x(++7), then

x() = 2 \c;ke“"““’°f — X(jw)= 2 2na,0(w - kwy) Discrete spectra
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More generally, if x(r) = x(¢+7), then

k=—m

<

x() = E akfjkw «— X(jw)= E 2ma,6(w - kw,) Discrete spectra
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ﬂxample #4:

X(t) = cosw f =

$
X(jw)=m(w - w,) +70(® +w,)
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Example #5: _ 7 X —iap@““ﬁx;—ﬁ XCJ\@)— % A< (w— )
/ x(0) = 25(1 nT) — Old friend, sampling ol Pe 2 "Ft ‘
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3 e kgt g _ 1 (1)
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T & T 7 = \omegatjAlel t5 22% X (1) oA+ 2\pi/|F KL

k=—o0

ko

Same function in ?

the frequency-domain! X(jo)
2n Note in this case, periodic
in both time domain (with

a period 7) and frequency

domain (with a period

TTT T T
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/ Properties of the CT Fourier Transform

1) Linearity —ax(t) + by(t) <— aX(jw)+bY(jw)

2) Timg Shifting ) x(t—t)) < e—jw t, X(jo)
(el
Proof: f x(t—t)e "dt = e’j“"’f X(t e dr
e .
' X(joo)

FT magnitude unchanged
e X(joo] | X(joody

x (t) E time shifting= 317 X (j\omed

Linear change in 7 phase 5“%[,- linear phase shift7} =7}-¥t}.

L(e "X (jw)) = LX(jw) - ot
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CTEFT Properties (continued)

3) Conjugate Symmetry

x(1) real —> X(=jo) = X"(jo)  Cviwdhs C\AMM«Q

a)°ll
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Lemma. x(

3) Conjugate Symmetry
x(t) real e« X(—jw) = X (jw)

U
(- jo| = X (o)

Gt S
& W

LX(-jw)=-LX(jw)  ? odd

/

Or Re{X(-jw)}=Re{X(jw)} : Even

22Oy )
bl T 2hd  XCjon=-nxGw)) " o

When x(7) is real (all the physically measurable signals are real), the
antive frequency components do not carry any additional infonnay

from the positive frequency components. w = 0 will be sufficient.
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X (j\omega) = conjugate symmelrical 3}al

its magnitudei=

even, its phasei= odd, its real parti=

i oddolt}, 18-S 1 WAL
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%’4—4) Time-Scaling x(w}MiX(jg) L el
5 ~ la a compressed in time
e stretched in frequency
] 3 5) Time—Reverse v : @MR“ oot
- x(=)——X(-jo) A" | ut=x
I
a)  x(f) real and even x(1)= x(=1) = x *(1)

\B = X(jw) =X(-jw) =X*(jw) — Real & even Y
™ \
b) x(7)real and odd x(t)==x(=t) =x*() ¢
= X(jw) = - X(-jw)= - X *(jo) — Purely imaginary
0

The Properties Keep on Coming ...

& odd

¢) X(jo)=Re{X(jw)}+jIm{X(jw)} o] ¥/ ¢)i=

even. its imaginary part

HkE o &7 X (j
mega) i
mplex

\omega©]t},

Qr real  x(t)= Evfx(t)} + Od{x()}
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communication systeme®l#] real
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WHEA] 7]018E ((Mm) L= Cey"’t <= )@F%(w—wo)

x(t) <—> X(j\omaga)

[4_(1:)‘; x(—t)  <—> X(-j\omega) £ \{(Jw)-— XBLJ)

= x(t)~* <—=> X(—j\omega)~* \

&fE‘: x(—~ <—> X (f\omega)* x Ge)=x* (‘j"")
ey X Guo)






