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Announcements
1. Messages from Instructor
o An imperfect classification rule is better than no classification rule as long as you recognize the imperfection and
update your rule.
o ((S))implify and ((V))isualize:
» essence, generalize, consider extremes,
» Venn diagram, necessity and sufficienciency, existence and uniqueness/plurality
» block diagram, G(V,E); graph of a function, algebraic vs. geometric interpretations, mathematical vs.
physical/engineering interpretations/implications
o Purposeful practice with 3F: Time, Focused Action, Experience, Lesson, _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.

ZX: <https://www.google.com/search?q=purposeful+practice&rlz=1C1CHBD _koKR890KR890
&oqg=Purposeful+practice&gs Icrp=EgZjaHlvbWUgBwWgAEAAYgAQyBwWgAEAAYgAQyBwgBECAYgAQyBwgCEAAYgAQyBwgDEAAYEAQYBWEEEAAYEAQYCAEFEAAYFhgeMggIlBhAAGBYYH|IICAcCQABEWGB4yCAgIEAAYFhgeMggICRA

AGBYYHtIBCDMzNTVgMGo3gAIAsAIA&sourceid=chrome&ie=UTF-8>

o Stop and Think; similarity to and difference;
o Self-Fulfillment and Contribution to Collective
o Attitude: Exceed expectation.

2. X Zof +3/=2 Al

3. HW, Quiz, and Exam
o HWO7 will be assigned by this Friday. Due will be next Tuesday.
o Midterm Exam is approaching.
» It will be taken on Thursday 10/26 at 19:00-23:00 in LG 102.
= Open everything
= Greek letters




* No communication with human being
* You cannot carry any message-exchanging device/stationery when you go to the restroom.

4. B2 Xt=
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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6. Overview (The numbers are the chapter numbers of the textbook)

1. Signals and Systems DT C,
ks / i

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 PYG[:RNXU

8. Communication Systems
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O non-zero vector?

o zero eigenvalue? elg' é’%
* Lemma. The eigenvalues of a square matrix can be found by solving t isti i 1 / Lﬂ—
0 det(A-lambda 1) = 0 and the number of (distinct) eigenvalues —_—) Mﬂnlﬁ @ "l U
0O algebraic multiplicity of an eigenvalue S&}CW\
Rc U

= Corollary. Existence and Uniqueness of (lambda_i, v_i) [’( Ve = >\[(_Ql_<-
O eigen-value g l f ' 3 oy — u
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¢ linearly independent eigenvectors T )\ T U‘#O
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# linearly independent eigenvectors — o U — >\ U ryo

O eigen-value P& .3 on— u
¢ geometric multiplicity of an eigenvalue ) H — an e ‘

¢ dimension of an eigenspace

o Q. Why is the eigenstructure of a square matrix important? o = % Qe UL 3 ‘(lt‘Mdm/l /
* Q. What about its application to a CT/DT system? Is it useful? — = —= Jj(
= A
= Q. What about its application to a CT/Dsystem? Is it useful? 4= H x L;:% ZIZO
= A
o Defs. an eigen-function and the corresponding engen-value of a DT/CT linear system -H (‘20“2 LJS) LX' ! D-' )
= the Fredholm integral equation and the Kernel —
o Defs. an eigen-function and the corresponding engen -value of a DT/C@stem L% >\K('0lk.'l£|5) C% df\rcbt(q ovQ
O Lemmas. complex exponential signal &= WaoshkSs:
= system function € - "\(t) —> H(S) e < H “9'-—(—{*1
© or

= Laplace transform, z-transform
¢ Importance of signals consisting of complex exponential signals
o ((S)) Signals consisting of complex sinusoidal signals
= ((S)) Signals consisting of harmonically-related complex sinusoidal signals {\ HES) R
o The set of all CT/DT periodic signals

¢ The set of all DT periodic signals ZV\ '*je &\[r-n'\ /‘_3 \'((Z)Z Tl L'T(: Q‘F\ b\eb)
@)= 2 [I\EMJ z"
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8. Preview
O DT Fourier series
P existence
» uniqueness
P properties, lemmas, propositions, theorems
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Q1. When xI[nl is a periodic signal with period N, is it always possible to
represent x[n] in the form of

x[n] =\sum_{k=<N>} a_k exp(j 2\pi kn/N) ?

L] B

Al. Yes.

Q2. How?

Az oc(ni= 2 (meN] Wy T Y0 = 2fuclli]

it —5  hGd P - N
y o 30 = > (HC) K ) (08

x[N-1] => ﬂ(@)d ) . A € (e >
][ =] exp@*2#\pi (i—-1)G-1)/N) 1 k==

a0

a_l

a (N—1}
]



a_l

a (N-1}
]

Then, we have

x = U\sqrt{N} a

where U is unitary.

Thus, we obtain a = inv(U) x/sqrt {N}.

7

k=<N>
— This is a finite series

{a,} - Fourier (series) coefficients

Questions:

1) What DT periodic signals have such a representation?

A ATl
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1) What DT periodic signals have such a representation?

A. All
2) How do we find a,? Draw a Venn diagram.
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A. Both of the questions are related to what you learned in
linear algebra.

Convert the questions to equivalent linear algebra
problems.

Answer to Question #1: \
Any DT periodic signal has a Fourier series representation

x[n] = 2 a e o
k=<N>

J

x[0] = 2{ a, Put these -

=t equations in an

. equation in

1= 2 akeﬂwo t(?rms of a

fe<i matrix and
x[2]= 2, ae’ vectors.

k=<N>

X[N— 1] - 2, akej(N—l)kwo
k

—@\ ?%ﬁﬁ;\'om for N unknowns, a:“l AN J
- Qe —

J 12

/ A More Direct Way to Solve for a, \

Finite geometric series

N-1 N , a=1
a” ={ .

La¥ gzl

n= 1-a

J a=é*

¥ oo




n=u | e

U o= ejkwo

N-

N-1 1
E oIFoon =E(ejkwo)n _ E(ejkzn/zv)n
n=<N> n=0 =

N , k=0,+N,+2N

k2n
1—ejFooN _ .
TooTfos 0, otherwise
omega_0=
= NO[k — mN] 2\pi/N
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So, from

x[n]= 2 akejkwon
k=<N>

) 2 e ™" to both sides
e — Taking an “inner product”

Of,\’[n] and g/m@on

2 X[n]e—}'mwon - 2 ( 2, akejkwon)e_jmon
n=<N> n=<N> \k=<N>

ej(k—m)won)

- 3o
k=<N> n=<N>
I

NO[k — m] — orthogonality
= Na

m

I
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DT Fourier Series Pair(wa = %) \
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DT Fourier Series Pair(wa = %)

Theorem. If x[n] is periodic with period N, then

x[n] = 2 a e’ (Synthesis equation)
k=<N> *
Y

a, = % x[n]tﬂ“‘?‘ (Analysis equation)
| il

\

This is
series 1
of a DT
signal X

This sh
find the
series

Note: It is convenient to think a; as being defined for a/l

integers k. So:

1) a5 =a, — Unigque for DT. Since x[n] = x[n+N], there are
only NV pieces of information, whether in the time-domain or
in the frequency-domain.

2) We only use N consecutive values of g, in the synthesis
equation

~Given x[nl, find its Fourier series representation.
Example #1: Sum of a pair of sinusoids

x[n]=cos(an/8) +cos(m/4+m/4)

S

— periodic with period N =16 = w,=a/8 =

1r . - Ir s s
x[n]= E[e“""" +e Jw°"] +5[em"e’2w°" +e e sz°"]

2] e
{
a, = 0 Q5= a,.s=a, =12
al = 1/2
a,=12 Ag6= Qriges™ =72
a, = am4/2
a, = e'f”M/Z
a= 0

ajz = 0 /

t] o]} sine cosine<

a Fourier
epresentation
periodic

[n].

ows how to
Fourier
oefficients.
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Example #2: DT Square wave

'-IU”.-.--;UlU,--..-HLH--

L 2 (2N +1)

n;—\l

n

=0y =0_y =0gy =

For & = multiple of N:

1 N —jl(won n=m-N, 12.\'1 ‘jk"o('"'Nl)
e - —Ee
m=A

N, &,
\(\ ) =iej1“"ol\'12§(e_j1w°)m Loy 1= /0D
r \Q« \ N =0 N 1-¢’ )
\ _ Lsin[k(N, +1/2)0 | 1 sif2ak(N +1/2)/N] Q. Rewrite thig answer
N sin(ka,/2) N sin(sk / N) using sinc fugctions,

I where
There are two co i

1. normalized sinc fUl’l(,thI’l sin(\pi x)/(\pi x) for x
Sa(x) = sinc(x) = sin(pi x)/(pi x) \ne 0

2. unnormalized sinc function

Sa(x) = sinc(x) = sin(x)/(x)

A related function: sine integral

Si(x) = int_{py~{x}sin(y)/y dy
Example #2: DT Square wave (continued)

1 sin[27k(N, +1/2)/ N]
a, =—
*UN  sin(ak/N)
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Convergence Issues for DT Fourier Series:
Not an 1ssue, since all series are finite sums.

Properties of DT Fourier Series:  Lots, just as with CT Fourier Series
Example: x[n] «<—— a,

x[n]e] NF=7]|§+4=0]
al

DTFS coefficients
7} a_kd o,

JMawon

e x[n] <— b, =?

x[n]eijon = 2 arejrwoneijon
Q1. e~{j2\pi Mn/ o

N} x[n]i= 7184
k=r+M

I7F? wiek Z18lvha = ay "

F71E 4vklz)? vk k;,-, kM

oF 1y o] 9| U )
DTFES coefficients Frequency shift
<7 by=a;_y Jkw, — j(k-M)w,
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Q2. 71 xIn—n_0] 2] DTFS coefficientsi=?

Q3. If xInl is real and periodic, what is the property of the Fourier
series coefficients?







