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CM20 231114T on DTFT and DTFT Properties
Announcements
1. Messages from Instructor

o Goal of Life: Self-Fulfillment and Contribution to Collective (RIOFH, 35 H| 7| )
= Attitude: Exceed the expectations! (7|CHE HO{ A2}
o "Ot= Z0| &O|C} HfR11O0F F& YUO|E SHCf" -2, A&
o St& (Hi<®1 95]|7])
= Theory Learning (0|2 H{27])
= Problem Solving (24 £7])
= H{ 2712} 95]7|2] 7
o How to Learn
= Stop and Think; =7|7} chess master & ZF=LCL Find commonality, similarity, and difference
o How to Practice
Purposeful practice with 3F: Time, Focused Action (A2 &&Al7|2{= ST Q17}?), Experience, Lesson,
Immediate Feedback (ZX[2| S2d), 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 a N
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o An LTI whose 1/O relation described by an LCCDE is not necessarily causal.

AL Whenr
C&%@erd@ 7
‘g,a:)+ at)= 2zt , vl it gd? fu(t)
D ) = -aé‘qrwﬁJr_e_&__Oj%_&:)
Qv +a) Y(y)%) e

Fieo Qo xgw‘ == /%0 e%uy) )

ﬂl—;(ll\



U g Ju - e m—

BTE=ED S -
Ute)= ejaj\ Ue) caus ad i@)
{ "e-m—bt(—'b) el ‘AQ —iy - X(t)

\
. HW, Quiz, and Exam .

o There will be a supplementary CM. No attendance required. The recorded lecture will be uploaded.
o HW11 will be assigned by this Friday. Due will be next Tuesday.
o Quiz 2 will be taken on Tue. 11/21.

. dol Xtz

o Handouts and annotated pdfs are downloadable from the non-PLMS class 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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. 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
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8. Review
o Properties of CTFT
= Convolution Property; TD convolution <-> FD multiplication
o Frequency reponse revisited

O Ex
phasor analysis
signal.

¢ adifferentiator in initial rest
¢ an integrator in initial rest
¢ the notion of impedance
¢ anideal LPF
¢ impulse response and causality
¢ step response and sine integral, Gibbs' phenomenon
¢ cascading filters
¢ integration of product of sinc pulses
¢ convolution of gaussian pulses
¢ convolution of two right-sided exponential fu
+ A system whose 1/O relation is described
¢ linear constant-coefficient differential equation (LCCDE)
= Parseval's relation
0 Energy Spectral Density (ESD)
= Multiplication Property; TD multiplication <-> FD convolution

0 Duality AL
o Example
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with real-valued impulse response and a real-valued sinusoidal input
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o Example

0 Duality &LH-S %t\ﬁ = j-\'_:{h 91,&,) ﬁ_){wo—h‘f_}e H))h/))éh )@TJC(’DY

¢ amplitude modulation (AM) in communications 2
¢ Recall that h(t)*delta(t-t_0) = h(t-t_0) :‘Rti {-’\»‘E) 'W- M+}
< Similarly, Hjw)*delta(w-w_0) = H(j(w-w_0)) A=
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9. Preview )\]A 0
o DTFT B \ ik
= Movitation of DTFT
o Periodic extension fo an aperiodic signal
o For sufficiently large period
o synthesis and analysis equations
= Math. vs. EE
o Def. discrete-parameter to continuous-parameter Fourier Transformation
¢ |n EECE233, DTFT.
# Existence and |17 1(Z) sequences, i.e., absolutely summable sequences on Z
o Def. continuous-parameter to discrete-parameter inverse Fourier Transformation
¢ |n EECE233, inverse DTFT.
¢ Existence and LA 1([0,2¥pi]) functions, i.e., absolutely integrable functions on [0,2Wpi)
o Def. Fourier-Plancherel FT for [*2(Z) sequences
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A o] A DT signal
complex sinusoids® linear combination©. %2 vehi= 218 Alz}shA},

okA] CTFFAA] complex sinusoids 2] linear combinations %g817] 9] 4
integrals AHg-8F9lth:

\int_{=\infty} ~ {\finty} aGomega) e~ {j\omega (} d\omega.

ol A4l DTETel* complex sinusoids2] linear combinations % ¢138}7] 93 o
#A38)

\int_{—=\infty} ~{\finty} a\omega) e~ {j\omega n} d\omega

= Mol 72
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1+ x[n] = \int_{0} ~{2\pi} a(\omega)e~{j\omega n}d\omega
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/ The Discrete-time Fourier Transform \
e,l(m+2:r.}n) Pe(DL[l

Derivation: (Analogous to CTFT except & =

= x[n] - aperiodic and (for simplicity) of finite duration
»  Nis large enough so that x[n] = 0 if || = N/2

«  X[n]=x[n] for || < N/2 and periodic with period N
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DTFT Derivation (Continued) \

nl= Y @ | o=
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N
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DTFT Derivation (Home Stretch) \

¥n]= Z L x(er=yetorr = - Z X", (%)

Fma N 4 . 2w =N
A

As N — oo X[n]— x[n] forevery n

w, = 0, Ewg—bfdw Q—ﬁﬁ;
The sumin (%) — an integril________} X { e,&"

o )= X(eﬁ”),b‘«?

|} The DTFT Pair

VThuvis ua:fmcfwderh:
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x[n]=—1| X(e'")e'"dw Synthesis equation
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RSk — i



T . 2

x[n]=—1[ X(e’* ?“”‘d Synthesis equation

[n]= >~ &:*-X( )g*“dew  Syn q
1 Any 27 interval in @

X)) = 2 x[n] e Analysis equation

H=—%

/ EECE233 Signals and Systems

okA] DTFTQ heuristic derivation= R.9k31 ©] lecture notedl| A=
examples®} properties= i}

Lecture Note #10
Prof. Joon Ho Cho
(Slides thanks to Qing Hu*, D. Boning, D. Freeman, T.
Weiss, J. White, and A. Willsky)
CTETAwW 2} A7, &Fo) 3ol F&atwA] dabd el &2 At 2]~

= Covers O & W pp. 361-384
. Examples of the DT Fourier Transform
. Properties of the DT Fourier Transform

. The Convolution Property and its
Implications and Uses

* These lecture notes are based on the lecture notes used in 6,003 taught by
Prof. Qing Hu at ML.L.T. These notes are adopted for EECE233 under the |
permission of Prof. Qing Hu.

DT Fourier Transform Pair

x[n] <— X(e”)



X[n| <— X(e’")

X(e’”) = 2 x[nle”’™  — Analysis equation

n=-00

x[n]= By f X(e’*)e’"dw  — Synthesis equation
27 J2x
Note for DTFT the /7" and inverse /7" are not symmetric.

One is integration over a finite interval (27), and the
other is summation over infinite terms.

2

/ Convergence Issues \

Synthesis Equation: None, since integrating over a finite
mnterval

Analysis Equation: ~ Need conditions analogous to CTFT,
e.g.

+00

E |x@]|2 < — Finite energy

Nem —00

or

sequepce.

LL(Z) Sgueve
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Sumwalde
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[x[n]]< o — Absolutely Thm. DTFT exists ! Olbs Il
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/ Examples \
Parallel with the CT examples in Lecture #8

1) x[n] = d[n]

X() = ié[n]e"m= 1, Foo
= X(e3“™)

2) x[n] = d[n-n,] — shifted unit sample

40

X()= E o[n-n e = e
=00 = e

— Same amplitude (=1) as above, but with a linear
phase -wn,.

) sf«fjt ba, 4
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/ More Examples \
right—sided

3) x[n]= a"‘; nl,/ lal<1 — Exponentially decaying function

a=0.9 a=-09
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gi\m exponential function z~n & 5:= DT LTI¢] eigenfunction®] WA \M
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/ More Examples (cont.)\ x[@t[nm Rﬁ m,@, _qj-u H:)
= e
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9= =

X(e’) = ;a"e‘jw" = ; (ae‘j"’)" Lo} 2= e)\w
Then. ‘ ax,w
/ i 1 p— J
\ / (1-acosw) + jasinw |—az”! %—'CLE
Zxa.

lae - 1<1
i
Q. CTelA j\omega®l #2lsHAw A} FAFsHA
DT right—sided real exponential= e~{j\omega} ] rational
function® & Y&t} 18 vpd Fuk7F A& o2 F right—sided
real exponetial®] convolution<> ???

A. 5 right—sided real exponential?] weighted sum©] ®t}. (F3}
F7F A A ol 2 EEA R R fo stk He) A Y2t}
vy o] ¥ k7| thA partial fraction expansiond}d
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More Examples (cont.) x[n]| = a"u[n], |a| <1
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Still More \

4) DT Square pulse XIn] FIR
1 N,=2 (Flnlte-
H H Impulse-
Ny o Np e **, Response)

Similar to
a sinc, but
periodic

] esklZet R
2t

chlet
=

with a
keriod 2.

o] 7]A] N_190] H-stdl= 7pba
7] 2\pi¢l comb signal®] o]z )21

o]Z10] DTFT2| key assumption®]t}.

Still More ... \

5) Ideal DT LPF X(el®) = x(e) ™

1l

-2n i W 0 W on o

1 w cin W/ n
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AAn]= —f_ e’"dw = ——
2mJ-W Tm

LV o w : Y
Ao]= gy [ XE™)do = = xin] A discrete sinc i
I W time domain
T
\_ 0
8

Eg. Compact BPF in your cell phone and TV
SAW (Surface-Acoustic-Wave) filters

Neectrodes  Eecricfiedies  OQperation principle:

» Convert electrical signals
into sound (acoustic waves).

* At output, pick up ‘k
propagati
after a delay 7 = x/c_, where

INPUT DT OUTPUT IDT x 1s the distance traveled
! and c, is the speed of sound.

Top view
 This is a good example that

o},

Rg ‘
v L time = space with a scaling
Ry = — factor.

SAW absorber gLel}s(ﬁ!&Cehic SAW absorber /

ion Note finger polority

e Since /1[n] 1s
proportional t

ization -chan%%igllscrossover’/ II]\
\, u
averlan lenoth of the ‘ IMIMM | h




proportional to-the
overlap length of the
electrode pair, we can
design and fabricate any
h(n] desired. Here we
use a modulated sinc
(multiplied with cos
which results in a
bandpass filter.

* Note the passband

ripples due to the Gibbs’
wcnomcnon.

e Since A[n]1s )| h(ﬂ:ﬂﬂb (Co O I

Mote finger polorily
10T ization

SINC APODIZATION

i;rmn?Je"i'nh{gi:rﬁssouer!r'|"_“l-.III
e H
i — —‘—'\‘-\ _"}

(a)

Gibbs
ripple

5 Zers Crossings Fach Side

Aﬁﬂﬂ!e!

Paira |

CTellA g} vpz 714 & DTl M = DTFS 2 DTFTghe] A1 ototri ),

/ DTFT’s of Sums of Complex Exponentials\

X(e® )= i

Recall CT result: x(1) = ¢/™" «—— X(jw) = 276 (w
fto o n jay A an
What about DT:  X[n] =" «——X(e’*) =? X(ej S )

a) We expect an impulse (of area 2m) at w = w,
b) But X(&/*) must be periodic with period 2, In fact

(w—io_g—Zmn

Note: The integration in

H=—00

e synthesis equation 1s over 2w
period, only need X(€*) in one 27 period. Clearly,

N

1.8 < f o jc g
x[n]=£ﬁ32:1:2 0w - w, - 27m) " do = ¢’ /

X(el@)

11
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DTEFT of Periodic Signals
x[n] =x[n + N]

=0
7] DT signal ]
DTFS coefficients £}

Y

DTET 2] #Ael s
sl st
From last page
F e— g i b(m -k, - 2nm)
X(e’) i 8w - ka, - 2:rrm)]
rt { 2 _2ak\ WTIRN L ee2n
éﬁlﬁ) = Zxkzm W~ ko) =2x E a, (w ) = X )
K ' ‘T Qplqtﬂ\) JU'K /
Infinite sum
12

e’jw.n e—jwau

__../"’-_-_) D =~
@ample #1: DT sin€ function ﬂ\
x[n] - Sinwon = zije'iwo" - zij.e—_;mun

400

X(*®)=2 D

J ==

L]
-2taln

ow - w0~2ﬂm g E (o + w, — 2am)

Jn

X(e')

j

27 @,



A
), | 2 ), T s
1 h | 2n o, [C]
_ -

ﬁxample #2: DT periodic impulse train
An]= Eé[n—kN] w,=2n/T

k=—w
x[n]

-N 0 N 2N n N\
J- — jkomm ]- s - jkom n ]-
&k=§;l‘[ﬁk =EZ,\‘[HF3 =E
n=) % 5ln] X(ei%)
I

- < ik
s TNIINEE
_’Lt — %“_ 1|1: ©

— Sampling function
again!
<— All the information——
14

Properties of the DT Fourier Transform

X(e’®)= E x[n] e ™" — Analysis equation

i=—x=



X(e®)= 2 x[n] e — Analysis equation

x[n]=Lf X(e’) e"™dw — Synthesis equation
2]5 2a

1) Periodicity: X (ej{mh)) =X (ej‘”) — Different from CTFT

2) Linearity:  ax,[n]+bx,[n]e— aX,(¢) + bX, ()

- /

/ More Properties—< 7 \
3) Time Shifting An =] = 7 X(e™)

4) Frequency Shifting  €’"x[n] < Xi (eﬂ”_w“)) gPe")LQ (acp. + Ll duﬂﬂ:hb‘ﬂ L)V" F&F’;CL]L

— Important implications in DT because of periodicity

P

Y(e) = X(el@m)
N O IN TN
2n - LF n 2n

16

Example

w, =7 , Yn]=




