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Announcements
1. Messages from Instructor
o Goal of Life: Self-Fulfillment and Contribution to Collective (XtOF S, 35X 7|0})
= Attitude: Exceed the expectations! (7|CHE H0{A{2H)
o "OH= 2{0] FO|C} R TOF B2 AO|E BICh" -ME, HE4-
o Bt (B2 2B|7)
= Theory Learning (0|2 B2 7])
= Problem Solving (2 £7[)
o How to Learn
= Stop and Think; Find commonality, similarity, and difference
o How to Practice

Purposeful practice with 3F: Time, Focused Action, Experience, Lesson, Immediate Feedback, Fix, Growth

Purposeful practice is designed to improve performance, and is characterized by staying focused and positive, setting clear and specific goals, allocating time during
your week, taking on tasks that go beyond your existing level of ability, and seeking feedback.

E£KX: <https://www.google.com/search?q=purposeful +practice&rlz=1C1CHBD_koKR890KR890

&oqg=Purposeful +practice&gs_lcrp=EgZjaHlvbWUqgBwgAEAAYgAQyBwWgAEAAYgAQyBwgBECAYgAQyBwgCEAAYgAQyBwgDEAAYgAQYBWYEEAAYgAQYCAgFEAAYFhgeM
gglBhAAGBYYH|IICAcQABgWGB4yCAglEAAYFhgeMgglCRAAGBYYHtIBCDMzNTVgMGo3gAIlAsAlA&sourceid=chrome&ie=UTF-8>

o How to solve? How to understand? ((S))implify and ((V))isualize:
= essence, generalize, consider extremes,
= 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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Q1. How many distinct DT periodic complex sinusoidal signals with period N? Use the unit circle to exglain.
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g ow many distinct frequencies(?) for DT and CT complex sinusoidal signals? Are they periodic? Use the unit circle to explain. oI~ | f U‘k
= A weighted sum of harmonically/non-harmonically-related complex sinusoidal functions is always periodic? ~ ITC 70 ‘
=_If not, what about a single term-case? J (W2 N (m]= e)? i
Perlodlmty of frequency responses? DT vs. CT = = -
@Propemes of frequency/magnitude/phase responses of an LTI systemiwith a real-valued impulse response? —;(e:)("m e_) M r '1_ 3 N7
AT RAE HEILL real -unued el Zqwml= g

o Q5. Design of a bandpass filter using a LPF and a HPF? Jem l —~ZqV)

= No frequency component unpresent in the input appears at the output of an LTI system. i od - = &
oo
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HW, Quiz, and Exam k?p’
o HWO09 with MATLAB problems will be assigned by this Frlday—D— rext Tuesday. — _3(/3‘4
= Def. of O] and the Dirichlet kernel ,// —\ O = z ‘Armﬂ'@,

= Solve all the problems in the midterm. (Collaboration encouraged. You may ask help to Tutor.)

ot
o Midterm Exam is graded. (,ﬂe_)[wfﬂl) Z_Q(AEJ 6‘) )M gkl’\ MC’;)W

= Total = 100

= (Tentative) Mean = 61.00, Stdev = 16.02 e P _ . _ : = 3"“:’)
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o Handouts and annotated pdfs are downloadable from the non-PLMS class homepage at http://cisl.postech.ac.kr/class/eece233/schedule.htm. e |/\[ @w*-— l ‘

o Recorded CMs are available from cisl.postech YouTube channel. Please place clickable time stamps. @
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6. Overview (The numbers are the chapter numbers of the textbook) _) /
1. Signals and Systems
2. Linear Time-Invariant Systems i ] |' ’ ‘ k_[!(:_'\(_o)l i (H(:\ )
3. Fourier Series Representation of Periodic Signals \ J - J(’D ] lvl‘(/\j e e
4. Continuous-time Fourier Transform ! . o !

5. Discrete-time Fourier Transform YH o

4
6. Time and Frequency Characterization of Signals and Systems % HCj\Ua) = %_(_@D) 'uw ° flc[
9. Laplace Transform ZS. HS[’D) !
<)

10. Z-transform

7. Sampling
8. Communication Systems /

7. Review e

o Def. Impulse train = sampling function

Theorem. Parseval's relation for DTFS/CTFS and its implication
Def. of the periodic convolution motivated by the product of Fourier coefficients
Def. of the Frequency Domain motivated by DTFS and FTFS
Response of an LTI system to a weighted sum of complex sinusoidal functions
= gystem function evaluated at ..., eigenfunction, complex gain
Def. Frequency/magnitude/phase responses of a CT/DT LTl system
o Lemmas. Properties of a frequency response
= periodicity of DT response

L]
L]
L]
L]

o

= real impulse response: conjugate symmetry of freq. response; even symmetry of mag. response; odd symmetry of phase response
= Def. LPF, HPF, BPF, notch filters
= Def. ideal(ized) LPF, HPF, BPF, and cut-off frequencies

o Examples
= DT averager (DT smoother)
= DT edge detector (DT differentiator)

8. Preview
o Q. Frequency response of an LTI system, commutativity of convolution, and Frequency Domain representation of the input?
o Fourier's derivation of



o

]

= Synthesis equation
= Analysis equation
from CTFS
Def. of CTFT
= existence
= sufficient condition
Def. of CT inverse Fourier Transform
= existence
= sufficient condition
Def. Fourier-Plancherel Transform
= Def. LA2 functions
Examples
= Dirac delta, delayed Dirac delta
= right-sided exponential function
= rectangular pulse
= sinc pulse
= Gaussian pulse
= CTFT and CTFS = CTFT of periodic signals
Properties of CTFT
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/ EECE233 Signals and Systems \

Lecture Note #8
Prof. Joon Ho Cho
(Slides thanks to Qing Hu*, D. Boning, D. Freeman, T.
Weiss, J. White, and A. Willsky)

. Covers O & W pp. 284-309

. Derivation of the CT Fourier Transform pair
. Examples of Fourier Transforms e |
. Fourier Transforms of Periodic Signals 55
. Properties of the CT Fourier Transform S
* These lecture notes are based on the lecture notes used in 6.003 taught b P
Prof. Qing Hu at M.I.T. These notes are adopted for EECE233 under the W
permission of Prof. Qing Hu.

/ Fourier Transform \

¢ We have shown that Fourier series are useful in
analyzing periodic signals, but many (most) signals are
aperiodic. Need a more general tool — Fourier transform.

Fourier’s own derivation of the CT Fourier transform

heuristid (F71%] 91, ¥% not rigorous but correct in some limited sense?] &JU] & A

¢ x(#) — an aperiodic signal
— view it as the limit of a periodic signal as 7" — o
¢ The harmonic components are spaced w =2m/7" apart,
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Motivating Examples: Rectangular pulse & Square wave

Def. The periodic extension with period T of a signal x(t) is given by

Ty (® = \sum_{k=—\infty} ~{\infty} x t=kT).
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ﬁo, on with the derivation of FT ... \

For simplicity, assume
x(¢) has a finite duration,
and introduce a periodic X(#)

-T T

x(1) 7<t <3

55(1)={ € T
periodic 171> 3

x(t)
(N
-Ty T
Identical
here
()
-2T Ty 0T, T 2T t
-T2 T2
AST — o,  x(t)= x(t) forall ¢
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the Al Flo]A] o] EEto]Eo A ) T fFE7F Gl3

straightforward 3t f=7}F 91t}

Q. x(t) =\int a_\omega e~(j\omega t)d\omega”} ®t}aL 7} 3=

x(t) &

a_\omega2 T2

A. a_omega = \frac{1} {2\pi} X (j=omega)

where

X (s)& x () 2 Laplace transform.

We call X(j=omega) the Fourier transform of x(t).

o] A3% 47] 918 Fundamental assumption in FT 2

\int_{—\infty} ~{\infty} e~ {j \omega—\omega_0) t} dt

2\pi \delta \omega—\omega_0)

2\pi \delta\omega) = \delta(f)

where f=2\pi \omega
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Derivation (continued)
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Q. Analysis equation®] B omega o4 o€ty )M AHF o2
o] 5% o] 43 synthesis equation®] (almost) everywhere x(t) &} 22
72

A. No. CTFT7} &A418tth= A3 synthesis equation®] 2 F @ th= 3
hi= ool

2l CTESOlAM 7} w7k 2

Analysis equat1on°ﬂ Bk :rLaHxl CTPTZ B x ()= almost everywhere equal®
synthesize® & &= Ao F REAS wje-th

1. the set of all finite—energy CT aperiodic signals.

2. the set of CT aperiodic signals that satisfies 3 Dirichlet conditions

CTFT7} &A1 gt 7;%
analysis equation®] E& ghellA & AeJ@th= 2, & #fo] stk gujoltt, o] Y
sufficient conditions & ‘.’_LO]‘E“q

1. the set of absolutely integrable CT aperiodic signals

2. the set of square integrable CT aperiodic signals: 3t2 % o] 7] 4= Fourier
Plancherel transform 2. % Fourier transform?| 7§ 215 278l oF A 5 e},

CTFT$} inverse CTFTE -3k A z}aljof 3,

Fact 1. x(t) 7} absolutely integrable3l® X (j\omega) & AW EA]shrt, 12}
inverse CTFT®! \hat x (t) 7} & ZH 3= A ofyrh

absolutely integrabledlth= 212 x (1) \in Lr1(R) ol 2 323 gte},

Fact 2. x(t) & X (j\omega) 7} B absolutely integrabledl® inverse CTET \hat x (t)
7} A8kl A0 x (1) 9 \hat x(t) 7} almost every where equal®]t}.

Fact3. ﬁ—ﬂ] x(t) & L~1 function?! 8] X (j\omega) 7} L~1 function®] obd & 2.3 x (1)
7} thi= Zolt), o] & 59] square pulse. T3] o] 5 functions A7t LA2
function®1d], L~2 functlon"ﬂ s A=

Fourier—Plancherel transformo] 2= Z10] A 2o} (3] o] A% o] Fourier
transform o] 2t ¥-£t}.) LA2 function?l Fourier—Plancherel transform (FPT) o] &4
Skl

inverser Fourie—Plancherel transform (GFPT)o] HE3 &7 8}o

FPT X(\omega) &} FTolA —THE T7HA #8319 2219 o7} 022 47 3h7

FTolA —THE T7HA 28R 2 iFTE x (1) 9] 2219] yA| = 0C.& F-3 g},



o] 710] Fu

ﬁxample #1

(@

damental

assumption in

Fourier tr
handle a

right—sided
exponential
< circuit th
controlo|A]
3 Al Folr},

ansform to
elta fto]th.

(b)

\

x(t)= 6(t)

T = X(2\p1 = F=IsF

\delta

ol t}

t <->1

X(jw)= [ 8w ™dr =1 MweR

I

1 =
6(t)=— f e"dw  — Synthesis equation for &(¢)
2

x(@)=0@-t,)

X(jw)= [ 8 -t)e

— jot

>

— Linear phase shift in o
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(=integrate) ¥ impulse”} W&tk 2,

Example #2: Exponential function

function
eory,
PH &2

o] CTFTH WHEA]

MEEES

x(t)=e%u(t), a>0

A~ 0D

_ _( 1 ‘ )e’(“t/m”[: _
a+jo

1

(]

X(jo) =[x dt = [ e e i

o@vjor

1

a+jo

o

IX(o)l = 1/(a% o) ZX(jo) = -tan”(o/a)
. /2
1/a
| /4
1/ay/3 !
a2 | a
-a ! ®
/4 -
a ® /2
Even odd




X(0) is not t
DC compone
2X(0) Delta_
the DC
component

around | f] \le

Delta_f.

Example #3:

T, .
X(jw)= [ et

wT)

A square pulse in the time-domgin \
(T2bin@r) %jw"k

Useful facts about CTFT’s
he

L X0 = f:x(t)dz

is

[ . . o Lr i L.
X(O)=Eﬁm X(jw)dw Ex.above: x(O)—l—Ef_mX;jw)dw—E
T

= S x (Area of the triangle)
2n

Example above: [ x()dt = 2T, = X(0)

! Zﬂxz—n
2\

11

strictly time—limited signal<> &t 72 F3}4

strictly band—limited signal -3t 7FA] time A %S

Hee g

X(jw) & X i)
x(t) 2Ty [ XCGo)dw A Ao
1 SMC(@: g
o -
Ty Ty \7/1[/1_1 nl'l'y (] ( T._-o
/
Note the inverse relation between the two widths = Uncertainty principle /\ sm(e ('t)

~5 2

We have a
duality. To
obtain the
value of x(t)
at t=0,
integrate the
CTFT and
divide it by
2\pi .

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.



