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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.

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

&oqg=Purposeful+practice&gs_lcrp=EgZjaHlvbWUqBwgAEAAYZAQyBWEAEAAYZAQYBwgBECAYgAQyBwgCEAAYZAQYBwgDEAAYZAQyBWEEEAAYEAQYCAEFEAAYFhgeMggIBhAAGBYYHjIICACQABEW
GB4yCAgIEAAYFhgeMgglCRAAGBYYHtIBCDMzNTVgMGo3gAIAsAIA&sourceid=chrome&ie=UTF-8>

o Stop and Think
o Self-Fulfillment and Contribution to Collective
o Attitude: Exceed expectation.
2. A Zo| +=38/2 2t M
o Commutativity of convolution => The output of an LTI system is a weighted sum/integratiomof—;
delayed input signal. Vﬁl %(Q

= convolution of rectangular pulses with same width +

o HWO7 will be assigned by this Friday. Due will be next Tuesday.
» HW grading policy is changed from HWO6.
o Midterm Exam is approaching.
» |t will be taken on Thursday 10/26 at 19:00-23:00 in LG 102.
= Open everything
= Greek letters
= No commiuinication with hirman heina
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= Open everything
= Greek letters
* No communication with human being
* You cannot carry any message-exchanging device/stationery when you go to the restroom.

4. Zo| k=
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

. Linear Time-Invariant Systems

. Fourier Series Representation of Periodic Signals

. Continuous-time Fourier Transform

. Discrete-time Fourier Transform

. Time and Frequency Characterization of Signals and Systems

. Laplace Transform

10. Z-transform

7. Sampling

8. Communication Systems
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7. Review
= Def. Generalized functions u_n(t) for n\in Z
o differentiation of delta(t)
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O integration of delta(t) x|
o u_O(t) = delta(t) 'a: H x< = [-__I l’(z -- L\n] 9."
= A convolution of rectangular pulses - - - '
O triangular pulse z
O linear interpolation Cg M
o vector-input vector-output linear system [ﬂ _‘é :—Z Zc Ce
= Linear-Algebra version of the sifting property =i -
O similarity to and differece from the sifting property of the Delta function
= the I/O relation of a linear system o M
O the matrix-vector multiplication
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Linear Algebra for same input-output vector lengths

—
€ H"Qamterlstlc equation

O
dH-( fs. an eigenvector of a square matrix, and its corresponding eigepvalye ,(.(h\
O non-zero vector? ? y\ B- étb_\L) x’ %-—A x
>\‘ O zero eigenvalue?

= Lemma. The eigenvalues of a square matrix canﬁ{ycwnz 2 S

E
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= — algebraic multiplicity of an eigenvalue
;"_)\l‘(‘) [ llary. Existence and Uniqueness of (lambda_i, v_i) C)\”’VN ) qu—r A_ _ A" ’
¢ linearly independent eigenvectors =

O eigen-value = CKgE )
¢ geometric multiplicity of an eigenvalue x “ v _E %i B: [( ©
¢ dimension of an eigenspace _9‘ '%' ( {

o Q. Why is the eigenstructure of a square matrix important? =
= Q. What about its application to a CT/DT system? Is it useful? t; MC‘C U—‘Q-)
= A
= Q. What about its application to a CT/DT linear system? Is it useful?
= A
o Defs. an eigen-function and the corresponding engen-value of a DT/CT linear system
= the Fredholm integral equation and the Kernel
o Defs. an eigen-function and the corresponding engen-value of a DT/CT LTI system
o Lemmas. complex exponential signal
= system function
= 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

O The set of all CT/DT periodic signals
¢ The set of all DT periodic signals
¢ DT Fourier series

& existence
¢ uniqueness




The eigenfunctions ¢,(f) and their properties

(Focus on CT systems now,

Def. b
¢ (1) —> ystem ————> A ¢;((T)

= gy _— —

eigenvalue eigenfunction
Eigenfunction in — same function out with a “gain” / Z
Lemma. If a CT system is linear, then .... '_@ Z@ ‘_& ak

ly to DT systems as well.)

From the superposition property of linear systems:

x(1) = 2 a.$, (1)

CT linear —— y(t) = Zkkakqbk(l) ZQOC( t)

—_—

Now the task of finding response of linear systems is to determine = 2 qk: >\LC c{h@

A The solution is simple, general, and insightful.

Theorem. If a CT system is linear, then an eigenfunction and the Hﬁ_ >\k =
corresponding eigenvalue can be found by solving the followmg
Fredholm integral equation given by

\int h(t,\tau) x (\tau) d\tau =

\lambda\x ()

for a non—zero function x(t), where h(t,\tau) is called the Kernel of
the integral equation,x (t) is called an eigenfunction,
and lamba is called the corresponding eigenvalue.

Remarks.

(i) Existence of an eigenfunction

(ii) Uniqueness of an eigenfunction

(iii) Countably infinite vs. uncoutably infinite



Q1. Given a two—port RLC circuit, how can you compute the output to
an arbitrary input?

Al. We can(?) find the output by solving a linear constant coefficient
differential equation (LCCDE).

Q2. What if the input is a pure sinusoid? What is the most important
property of the output?

AZ2. The output is a pure sinusoid with the same frequency as the
input.

Q3. Do we still need to solve a differential equation when the input is a
pure sinusoid?

A3. No. We just need to find the (complex valued) impedance and
scale and phase shift the input to obtain the output.

Q4. What is the name of the above mentioned technique to find the
output to a pure sinusoid input?
A4. the phasor analysis

Q5. Given an RLC circuit, what is the impedance? How can you find it?
A5. Use KCL and KVL to find the impedance with the mapping of

C —> 1/(\omega C),

L —> j\omega L,

R—->R

Q6. Why the phasor analysis works?
A6. This question will be answered in this note.
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Two Key Questions

1. If they exist, what are the eigenfunctions of a general
LTI system?

linear algebra® 71918 A, matrixv}t} eigenvectors 2] A §o] th
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2. What kinds of signals can be expressed as
superpositions of these eigenfunctions?

Q1. It will turn out that the complex sinusoids (actually not
only the sinusoids but also all complex exponential
funtions)are all eigenfunctions of ANY LTI system.

Now, the question is: What king of input signals can be
represented by a linear combination of these complex
sinusoids?

Q2. True of False: A summation of two periodic signals (e.g.
sinusoids) is periodic.

A specific LTI system can have more than one type of eige

Ex. #1: Identity system

©0) ——f 60— x0=60 =x)
Any function is an eigenfunction for this LTI system. :/:e f
eige|

Ex. #2: A delay

x(t) ——

——x( =Ty

Any periodic function x(7) = x(#+7) is an eigenfunction.
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Ex. #3: h(7) even

coswl —

) = h(-t)—y(1)

M) =ﬁ: h(T) cos[w(t —T))dT = fi/l(r)[coswt +COSMT +sinawt * siua)‘!{;

~ cosat !th(r)cos wwdt — coswt is an eigenfunction e
H(jw) n
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w2 79 complex exponentials2til &+ s7} pure imaginaryd A$-5 712714,
T 745 S'H3[complex sinusoidsefal sl /] &% SILT.
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/Question 2.  What kinds of signals can we

represent as “sums” of complex exponentials?

Focus on restricted sets of complex exponentials
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CT & DT Fourier Series and Transforms

Q1. It turned out that the complex exponential funtions are all
eigenfunctions of ANY LTI system.

. What is the

) pdriod of e~{j
i.e. signals of the form e’*" \opega t}?

. What is the

7= e’”, ie.signals of the form e siriod of el

%‘kau\ N~ \omega n}?

Now, the question is: What kind of input signals can be represented by a

linear combination of these complex exponentials?
Q2. True of False: A summation of two periodic signals (e.g. sinusoids)
is periodic.
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Al.\omega T =
Ti= 2\pi/=omega

A2. In general, e~
is not a periodic fu
periodic iff \omegal
\multiple of a ratio
e.g., \omega = 2\p
(mutually prime).
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K Joseph Fourier (1768-1830)

8




Q. What happens to H(j\omega) or H(e~{j\omega}) if h(t)
or hlnl is real?

A. H(j\omega) =
H(—=j\omega) ~*.

H(er{j\omega)) =
H(er{—j\omega))~+=

Q. What is the output of a CT LTI system when x(t) =
cos (\omega_0t)?

A. r cos(\omega_Ot + theta)

where

r = mag (H(j\omega_0))
theta = phase (H (j\omega_0))

9

Q. Find all DT complex exponential functions with period N.

A. There are only N distinct DT complex exponential functions with period N. (( I &Z lé l )
7

Fourier Series Representation of DT Periodic Signals

e x[n] - periodic with fundamental period , fundamental frequency
2
x[n + N]=x[n] for alln and o, = Fﬂ
e Only &*” which is periodic with period N will appear in the S
oN=k2n<>w=Fkw, k=0,£1,+2,--

e There are only N distinct signals of this form

2an
2
i(k +N) wyn jkwn jNw.n Jkw,n
e’ ot = T 2 T
*  Sowecouldjustuse /%@ pit@t piZest | IN-Ded

*  However, it is often useful to allow the choice of N consecutive

values of & to be arbitrary (E.g. choose {-(N-1)/2, (N-1)/2} if N is
odd and x[#] has definite parity).
y
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