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Announcements

1. Xk Zo| =3 At
N/A

2. HW

o HWO3 will be assigned soon. Due will be next Tuesday. For details, check the PLMS class homepage.

3. 29l Xt=
o Handouts and annotated pdfs are downloadable frornh the non-PLMS class homepage at
http://cisl.postech.ac.kr/class/eece233/schedulelhtm.

o Recorded CMs are available from cisl.postech ube channel. Please place clickable time stamps.
4. =M
o EZNMENG| CHsl ™XEZ A AEI( https://wpsc.postech.ac.kr/eams/login )& ZOISIN Q. WHAIR 7L U= sl SHIE XHE8| TM L.
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5. Overview (The numbers are the chapter numbers of the textbook)
Signals ﬁSystems
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 L —
10. Z-transform C C Db
7. Sampling
8. Communication Systems
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6. Review Ok\
- A classification pf CT signals, a classification of DT signals

_\7, x&) SIC:fR?( €Z Zac ;t(t)
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Lemma

o Def. of a periodic signal ¥ . 4 r ~
o Def. of a period and the fundamental period [ =~ 2 4 *‘,{J
o Definition, Existence, and Uniqueness
o Def. of a symmetricsignal _
" even symmetry = 0\5}(\”\“1@(“ < TDT&IEM Stew
= odd symmetry R e
= intersection A,“ -A—-A —
o Def. [ AT_ d{d&b\lb'iﬂj
(—~t) \s~Conjugate symmetry _P‘- —[— >
_Z"Z,*H:' A‘J\_\Mg ;;feaums.l«evﬂsymmetry O

XH)= xH’:\‘T))V"I

|: = even-odd symmetric function decompaosition

= conjugate anti-conjugate symmetric function decomposition

» cf) symmetric skew-symmetric matrix decomposition

= cf) Hermitian skew-Hermitian matrix decomposition

o Def. i ( £ )

® right-continuity [o 9’0) u ' @_3 )o' | 'I
» the CT unit-step function : )

= the DT unit-step function { ( ( —tZ—O
= aright-sided signal, a left-sided signal 0, t<o

® 3 causal signal, an anti-causal signal
o Def. i--.....

* a bounded 5|gnal xﬂﬁ— Lt) bl.ﬂ?) u- Zﬁ'—)‘o‘ t S

® an unbounded siga ‘V“t‘ u['v(]l ( ( hn2>0
o O| 2% dichotomy o1+ N0

ECIRGATS

o cf) an indicator function
o NS —
- Complex-valued CT and DT signals
o acomplex number
o j, the square-root of negative 1
o real part and imaginary part
o the Euler's identity
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= Feynman: the most Peaunf_ul equation i_ r‘ejﬁ = Y‘(C_O.S B‘-’t TSW\S'
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o the Euler's identity
= r«ejﬁ Y‘@os 8‘—&-) swb

= Feynman: the most
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* Feynman: the most bea utiful equ

- A classification of systems i
a CT systen ] sbuﬂ | . WO
A2k .

E0 a DT/CT converter %“ﬁ- a ,\DI_,E_"B““Q‘ g &
(@] ch.l . : : __: A & J L;-

Description of the mapping rule of a system =nput/Output (I/0) relation

Ho»lfgtgﬁnigm_}\ii;illize an 1/0 relation? S IH;) %{"T) eﬁ?
or block diagam vs. 4 graph = o [ weR
How to precisely descm relation? ,(y_gfeu»\_, ) \9 —

o examples

= differential equation for CT system 0 |¢‘%"7‘7~> ' s
= difference equation for DT system B\
T AGug, Tyl

A classification of CT systems
o Def. A CT system is causal if ...
= differential/difference equations with initial conditions, causality...
o Def. A CT system is memoryless if ...
= Lemma. A CT memoryless system is causal. The converse is not necessarilly true. [nea~
o Def. A CT system is linear if ...
= Def. A CT system satisfies the ZIZO condition if ...
= Lemma. If a CT system is linear, then it satisfies the ZIZO condition. The converse is not necessarily true. Its contrapositive is very useful.
® Proposition. more than 2 signals
= Def. A CT system satisfies the initial rest condition if ...
®» Theorem. Given a CT linear system, it is causal iff it satisfies the initial rest condition.
o Def. A CT system is time-invariant if ...
= Lemma. If a CT system is memoryless, then it is Tl.
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= Theorem. If the input to a CT Tl system is periodic, then its output is also periodic with the same period

/ EECE233 Signals and Systems \

Lecture Note #2

sngnaloﬂ CHal o 7HR| Yoz BRE 20

2FM lecture note 1 M= £ 20| M CHE
2 = system0l CHSH OJ27HX| 2 B &5 =0t

7] lecture note 2 Ol M= = 50 M CHF

. Covers O & W pp. 39-56

. Several examples of systems

. System properties and examples
a) Linearity
b) Time Invariance

c) Causality
* These lecture notes are based on the lecture notes used in 6.003 taught by
Prof. Qing Hu at M.L.T. These notes are adopted for EECE233 under the

permission of Prof. Qing Hu.
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SYSTEM EXAMPLES
In EECE233, systems are described from input/output

perspective,that is, input to the system x causes the output y

y[n]
GN*H@W - )
@x[nj-i;;i 5400 @ ﬂ@ﬁz(’ﬁ)

— A classification of systems in this course:
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— A classification of systems in this course:
(O a CT system
(O a DT system
(O a CT/DT converter
(O aDT/CT converter
O ete.

— Description of the mapping rule of a system = Input/Output
(I/0) relation
— How to roughly visualize an I/O relation?

(O a block diagam vs. a graph
— How to precisely describe an I/O relation?
O examples
§ differential equation for CT system
§ difference equation for DT system

Fx. #1 RT.C circuit — an electrical svstem
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Ex. #1 RLC circuit — an electrical system

ic] _irM] 'L(t ’

‘l'

WO (¥ G (s

Input

Output

z(t)_c@ @ f@r/

capacnance re5|stance inductance

@ #2 A shock absorber — a mechanical systerh

V()

Force Balance:

f(t) M@+ v(t +Kf @r.

f— input, v — output

frlcuon

spring force

mernal force
This equation looks quite familiar, we just saw it earlier. J
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/ Observation: different systems could be \ ((_g))
d ns

escribed by the same input/output relatio

— they are the same as far as EECE233 = (Cér>
is concerned

|—V(t)

ic(t) ir(t)| (1)

) C= R L S v(t)

Largely for this reason, EECE233 is the most general among

(llthe EECS subjects, and perhaps the most important. /
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/ Example #3 — Human vocal system vocal cord: S0
vocal tract: 72, &, H|
Med. school description EECE233 version Z, (KoL Y= B B

Vocal cords open during
Breathing to allow air
into lungs.

Soft palate
(velum)

Pharynx
Epiglotti s speaking 5o air from the
lungs presses batween them
to cause the vibrations
that produce sound.
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A thermal system
i 11in Steady State ?ﬁ\’ﬁ\ 51\
XN Coolant (1) ‘
Temperature ' : v(t) | ‘




~
Coolant x(7)

Temperature

®

(1)

Coolant x(1)

()

|
[
Tv 72

t =distance along rod
ol Gil7F XIS O] IR0l Bl XAl
Al
o

¥(1) = Fin temperature as function of position

x(t) = Surrounding temperature along the fin

o
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T~ kiy(t) — 2(0)
y(To) = wo
V) = o

Observations

*  Independent variable can be something other than time,
such as space.

Such systems may, more naturally, have boundary

L[]
\\conditions, rather than “initial” conditions. /
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/ Ex.#6 A DT syst%n'

- Observations

4) Nery different physical systems may have very similar
mathematical descriptions.

AL

* A rudimentary “edge” detector
= — / /?V\‘\)

&=

x[n+1]=2x[n] +x[n-1]
{x[n + 1! —x[n]}-{x[n]- x[n-1]}

= "Second difference" « "curvature"
TN — NN~

3
F

*  This system detects changes in signal slope. = Y\° \¢

[n] =n, ¥ = y[n] =0 for all n.
(b))x[n] = nu[n] 'V,,\ = yln] =7

(e

AN~
N~ —

(a)8] A2 BioHX| 27| 20 edge
7t ¢l= Z,0| otL|2}t gst=d
uniform®t rate2 $5}7| M 20] edge
7t gle ZA=0lCL

w2t

o

F, B

L
=

r

]

2fileS

olct

[

[z no ox M

oin

1) A very rich class of systems (but by no means all systems
of interest to us) are described by differential and difference

. e ——
eguatlons.

2) Such an equation, by itself, does not completely describe
the input-output behavior of a system: we need auxiliary
conditions (initial conditions, boundary conditions).

3) In some cases the system of interest has time as the natural
independent variable and 1s causal. However, that is not
always the case.

9 edge detector= TAMR{ 40| &
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‘ ery different physical systems may have very similar
mathematical descriptions.

e N
[ Casuao- [;Ctaneq ‘;z?“j&—

SYSTEM PROPERTIES \
@%Linearity, Time-invariance, etc.)

Why bother with such general properties?

*  Important practical/physical implications. We can make
many important predictions of the system behaviors
without having to do any mathematical derivations.

*  They allow us to develop powerful tools
(transformations, more on this later) for analysis and
design.

Singal > Sl Q;mg&
CL\Ane_Q‘J* CLﬁnheQ Ca SUL‘\Q coueall END of- TovE

cagual,
CAUSALITY £
ch] ?,&)

(¢
A system 1s causal if the output does not anticipate future C’T —
values of the input, i.e., if the output at any time depends )
only on values of the input up to that time. T
*  All real-time physical systems are causal, because time
only moves forward. Effect occurs after cause. (Imagine if




* Al real-time physical systems are causal, because time
only moves forward. Effect occurs after cause. (Imagine if
you own a noncausal system whose output depends on
tomorrow’s stock price.)

*  Causality does not apply to spatially varying signals. (We
can move both left and right, up and down.)

*  Causality does not apply to systems processing recorded
!ignals, e.g. taped sports games vs. live broadcast. J
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/ CAUSALITY (continued) ﬂ?\@j’\'@‘w IG:)-ﬁLéHT)

Def. Mathematically (in CT): A system x(f) — y(f) is causal

then y, (1) = y,(t) forallr < ¢ /’\ !
% Yit)

That s, for any t o, the values of x, and x, after 7,

L T W _——— N
have no influence on y at # <7 for a causal system. ( /71@( JP g, 2_{1:)

— N
¥=7- k-
Qa explicit mathematical definition of causality later. / %\_/
Go g|e memoryless system vs. causal system X 1..) Q,
\/BL{O\DL 2;2/ | ]I ) ] vid E N Q f [} T

] Vide W Shopping i More ol
Amemoryless system computes the output only from the current input. A memoryless

system s always causal (as it doesn't depend on future input values), but a causal

system doesn't need to be memoryless (because it may depend on past input or
output values). w25 200
s ST W= )+ 2X (D]
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system Is always causal (as it doesn't depend on future input values), but a causal
system doesn't need to be memoryless (because it may depend on past input or

gy G Az
Difference between causality andlmemorylesshess 4_. Q1 D'(‘\‘l
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C y(t) = 23(t - 1)

iy @l )

Ne ® sy A
y c  C
4 o
N¢ o ' C
i[ﬁquﬂ(c) y[n] = z[—n] oci] , 753'1\3 3 W

C\ @ slnl= ()" w1

£

M’ﬂ% {13 )5 14

/ LINEAR AND NONLINEAR \
SYSTEMS

NE
&
£

Clsys

Input: fiscal and monetary policies, labor, resources, etc.
— Output: GDP, inflation, etc.

System behavior is very unpredictable because it is highly
nonlinear.

* In EECE233, we will deal with only linear systems, which
are good approximations of nonlinear systems in certain
ranges.

Ex.  Small-signal conductance of a nonlinear diode.
\°\Linear systems can be analyzed accurately. /

NL-
* Many systems are nonlinear. ‘
Ex.  Economic system.

ANN



EX.  dmall-signal conductance oI a nonlinear diode.
* Linear systems can be analyzed accurately.
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CT,
L~ Question:

d‘k Q'_Le_mlp_a. Ewystem is line
4
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\\ Question:
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LINEARITY

() N

Def/ A (CT) system is linear if it has tl%lperposition property,

S e,

ax (1) + ¢ bx,([ = |ay,() +1’)’2(’)

then

O‘ES the converse true? ‘\b

, 120) =
, then ¥ero mput — zero outputgm

*[n]=0 x,[n]=0 —  y[n]= 0-y[n]=0.

A0

Is the system y =4 +x

"Proof"

ZZ0¥ L.
net 220 =) renliea—
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= linear? %
Recall the contraposition of L => ZIZO
A A
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