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Announcements

1. A 22| =78 At
N/A

2. HW

o HWO02 will be assigned soon. Due will be Tuesday. For details, check the PLMS class homepage.

3. &9 Ai=

o Handouts and annotated pdfs are downloadable from the non-PLMS class homepage at
http://cisl.postech.ac.kr/class/eece233/schedule.html .
o Recorded CMs are available from cisl.postech YouTube channel. Please place clickable time stamps.
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5. Overview (The numbers are the chapter numbers of the textbook)
. 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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6. Review ey



6. Review
- EE = twin tower —ﬁ[/_\j_ﬂ
a system = a mapping rule with the domain and the range

a signal
o scalar, vector, matrix, tensor
o sequence, waveform (=function of time)
o field, polynomial, graph, manifold, etc.
o Any mathematical entity can be viewed as a signal.
the dimension of a signal
o When a signal is viewed as a function, the dimension of the function is called the dimension of the signal
» y = f(x): The argument x is a zero-dimensional signal. ——
» y = Ax: The vector x is a one-dimensional signal. {-
» gray-scale picture: The matrix is a two-dimensional signal. :
» a CT signal x(t), a DT signal x[n]: 1-D signals
» a length-N vector-valued DT signal x[n]: a 1-D signal or a 2-D signal because x:
Limitation of a mathematical model
o infinite vs. infinitesimal
a discrete-time signal vs. a digital signal
Signal and Noise

TS°RAN, x: Zx{1,2,..N} -> R

- Classification o | ﬁR R
o Better than no classification X \RPC
o limitations, imperfections
o a Venn diagram (an Euler diagram) l)ef,l

- A classification of CT signals, a classification of DT signals CC({-:) = i FTre st ZO=x (&), %{E(R)
o Def. of a periodic signal /\ pe -
o Def. of a period and the fundamental period A-CT .s\ij l\ﬁ
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7. Preview

o Def. of a symmetric signal s
= even symmetry
= odd symmetry

= jntersection i
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= odd symmetry \_/
= intersection

Def. bej;,

= conjugate symmetry
= conjugate anti-(skew-)symmetry A-DT SGu s (Ze/W' JQ 5 3“ 70 st. = x(m‘ﬂ\)j /%?)

Lemma 1
. . oy . m
= even-odd symmetric function decomposition
= conjugate anti-conjugate symmetric function decomposition x %’/ (R
= cf) symmetric skew-symmetric matrix decomposition X %,.-)d;
= cf) Hermitian skew-Hermitian matrix decomposition

Def.

= an indicator function

= right-continuity

= the CT unit-step function

= the DT unit-step function

= aright-sided signal, a left-sided signal

= 3 causal signal, an anti-causal signal
Def.

= a bounded signal

= an unbounded siganl

O| & B dichotomy

o the Euler's identity

= Feynman: the most beautiful equation

Signals with symmetry \
e Periodic signals definit:m, existence, uniqueness; a, an, the ,_fe\‘ s ! § q(‘ /e</
CT x() = x(t @) forall t, 7 7 #EE -
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* Ex. 60-Hz power line, computer clock, etc. éj ( / Htx €
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60-Hz power 1 -ﬁw computer clock, etc.

DT x[n] = x|[n + N] for all n.
x[n]

N L I

Def. A CT signal x(t) is periodic, if there exists T>0 s. tl X(t) = x(t+T), for all t. ]
Lemma. If periodic, then there exists T>0 s.t! X(t) = x(t+nT)] for all_t and all integer n

telo;T)

Def. For a periodic signal, the smallest period is called the fundamental period, if exists
Lemma. For a periodic signal with fundamental period T_0, any period is an integer multiple of T_0

/ Signals with symmetry (continued) \
E

ven and odd signals

d clhetonry,
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Signals with symmetry (continued) —
Lemma. Any signals can be expressed as a sum of Even and
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Signals with symmetry (continued) —

&
Lemma. Any signals can be expressed as a sum of Even and :‘iﬁ H’—) _,%('E)
Odd signals. That 1s: - { 1020 %,Xf't) - (':L—) ':L?_K(.b): ~Z€—-@
x(t) = xeven(f) + xodd(t) s 1] I I l %(——'t)’; #K[‘b) -
where 3370123 n
I
xeven(t) - [X(t) + x(-t)]/2 > svi{x[n]} )J
X,qd(1) = [x(?) - x(-1)]/2 . 1 . . 5 o |
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Ex. DT unit-step function. {+ } Uuinl = \ / nzOo
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/ Right- and Left-Sided Signals \ l
Def.
=

A right-sided signal is zero for # < T and a left-sided signal 0
is zero for ¢ > T, where T can be positive or negative. Cy.‘\a\,ﬁt —catViUo M>

" " DQJL' mm\‘r~s}={> Penctisn
X X

STeR— T t T t
St = 2B u(t1), -
! wonall;
\_ | T

16




/ Bounded and Unbounded Signals \

Causal Anti-causal
x(t)

X

Unbounded Unbounded

Bounded Bounded

t

Whether the output signal of a syszem is bounded or
unbounded determines the stability of the system.

stabilized using a feedback control system.

Eg. Demo, the inverted pendulum, unstable but can be/
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Real and Complex Signals

/Avery important class of signals is:

e CT signals of the form x(7) = e
M=

* DT signals of the form x[n] = z"

where z and s are complex numbers. For both exponential
CT and DT signals, x is a complex quantity and has:

* areal and imaginary part, or equivalently
* amagnitude and a phase angle.

\ We will use whichever form that is convenient.

(1)
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We will use whichever form that is convenient.

LR
)b; Py

For example, suppose s = j7/8 and z = ¢/7%, then the
real parts are

R {x(f) = e} = R {e/™8} = cos(nt/83),
R {x[n] = z"} = R {/""8} = cos[nn/8].
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/ Summary \

e  We are awash in a sea of signal — sounds, visual,
electrical, thermal, mechanical, etc.

* Signals can be time-varying or spatially varying, can
be a function of multiple variables. However, in
EECE233, we will mostly deal with 1D signals and
use a generic time 7 to represent the variable,whether
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EECE233, we will mostly deal with 1D signals and
use a generic time 7 to represent the variable,whether
it is time, space, or something else.

e DT signals and systems become more and more

important for signal processing, and will be a major
vart in EECE233. /
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/ Next lecture covers: \

O & W pp. 39-56
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Step 1: Simplify. Simplify. Simplify.
Step 2: Fill your 'mental matrix' with solutions to



Step 1: Simplify. Simplify. Simplify.
Step 2: Fill your 'mental matrix' with solutions to
similar problems.
Step 3: Approach the problem from many different
angles.
Step 4: Break a big problem down into small pieces.
Step 5: Solve the problem 'backwards.'
Step 6: If you've solved the problem, extend that
solution out as far as it will go.



