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Signals and Systems

Lecture 1-3
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Cascading System
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Discrete-time-shift operator Sk, operating on the
discrete-time signal x[n] to produce x[n — K].

x[n] x[n — k]
— Sk
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Two implementations of the moving-average system

(a) cascade form of implementation and
(b) parallel form of implementation.
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Properties of Systems
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* Stability

* Memory

» Causality

* Invertibility
 Time Invariance

* Linearity

¢

Stability
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» Bounded Input causes Bounded Output (BIBO).

‘y(t)‘ <M, <o

‘X(t)‘ <M, <o

for M, M, arefinite and positive numbers.
» Unstable Example:

*“Tacoma Narrows Suspension Bridge”
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Dramatic photographs showing the collapse of
the Tacoma Narrows suspension bridge on
November 7, 1940.

(a) Photograph showing the twisting motion of the
bridge’s center span just before failure.

(b) A few minutes after the first piece of concrete fell,
this second photograph shows a 600-ft section of the
bridge breaking out of the suspension span and turning
upside down as it crashed in Puget Sound, Washington.
Note the car in the top right-hand corner of the
photograph.

(Courtesy of the Smithsonian Institution.)
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Example of a Stable System

Example: [ Moving-average case ]

¥ = (X + {n-1+ XIn- 2],

\y[n]\=§0x[n]+x[n—1]+x[n—2]\)

s%([x[n]Mx[n—l]Mx[n—Z]DS%(MX+ M. +M )=M
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Example of an Unstable System

Example:

yinl]=r"x[n], Vr>1

evenif [n] <M, <o, Valln

rn

Nl =|r" {nl| =|r"|- ]}

if r>1, r"divergences
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Memory or Memory-less

Memory :

Memory-less :
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g"j Causality
| Causal :
Ex: y[n]=xn]+xn-1]
Non-causal :
Ex: y[n]=xn+1+xn]
(&
= Example: Causal System ?

Series RC circuit driven from an ideal voltage source v,(t), producing output
voltage v,(t)

> 2
vi(1) =RC § o)
e nan ek nrn e rnnra ED’llIPuI
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System Invertibility

The second operator H™ is the inverse of the first operator H. Hence, the input
X(t) is passed through the cascade correction of H and H1 completely
unchanged.

HinV:H—l

x(1) y(1) x(1)

—_— H — HWv 5

15
& Time Invariance
9
B
These two situations are equivalent, provided that H is time
invariant.
Y, (1) =y, (t—t,)
X1}
Tl b o IF R V4l ) Kglly ¥ilil Vill
—s &F —_— H — 4 = 1y =

lal ik
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3 The Linearity Properties
3
g’- If these two configurations produce the same output y(t), the operator H is linear.
— —\ 1) e —I- 1 \,\- =
- —_— iy = T |-|'—--I|II —l-.ll—l-ll:;l.-.l—l--
/. s
— Za1x,(t) — O — ay =
i=1
17
z O .
g I-r"" EX: RC circuit : y(t) = ? in response to the unit-impulse
& input x(t) = &t).
9
B

step response:  y(t) = (1— e V/Re )u(t)

( y(t) )
R
—VW————
x(1) (i) C == v

18




‘qe1 dsd ® opny

O

Rectangular pulse of unit area approaches a unit impulse

as A -0
1 A 1 A
ty="—ut+—= |-=ult—-—=
X, (1) Au(+2j Au( 2)
=% (t) =X, (t) o
AA\L} I.IrA
5() =limx, (t)
—Af2 0 Al

———

-
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System Output y(t), applying Linear property:
i) =H{x®}; y,(t)=H{x%@O};
y(t) = Yo(t) £y, (1) = H{X (1) £ %, (1)} (

solution :

%O = (1- " ue+47)
.0 = (1-¢ 2 Jue-47)
' (

Yt = v, (1) - v, (t) = R—lce—“RCua)
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: 27 EX: RL circuit : y(t) in response to the
5 unit-impulse input x(t) = At) ?
L
+
x(t) R y(t)
21

2 Waveform of electrical noise generated by a thermionic diode
z’ with a heated cathode.

Note that the time-averaged value of the noise voltage displayed is approximately zero.
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R0

|w)
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' (a) Thévenin equivalent circuit of a noisy resistor.

(b) Norton equivalent circuit of the same resistor.
Mniseless
s st e =)
: l
A
. . . Moseless
vir) HI) (T::l La § conduciance
fad (L=}
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R0

|w)

2]

Yl

—
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differentiator.

Simple RC circuit with small time constant, used as an approximator to a

»

vy(1)

F o ]

R L'lfI]
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5 Simple RC circuit with large time constant used as an approximator to
an integrator.
R
—VW— .
w0 @) C =2
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i:,_,'?:‘-’ Mechanical lumped model of an
o accelerometer
Effective spring Proof
- Constant M55
K
Z—n— ~
A M 2
doy(t) D dy(t) K
il +— +—y(t) = x(t
e | dt? M d M yt)=x
D .,
I wi—= ™

Dsplacement of
proof mass

Damping

factor
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% Radar Range Measurement
d
2
t C
C
I.-----.I TG Y T
N AN NAN A
_lllllllllll ||||||||||I—||”||||||]
: ) 27
d
e Radar Range Measurement (cont.)

(Range Resolution)

TO
cT,
d.. =—2 meters
2
(Range Ambiguity)
T

d.. =% meters
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: Moving Average System
T
g Fluctuations in the closing stock price of Intel over a three-year period.
. 29
:
§ Output of a 4-point moving-average system
T

ok e i 11 dellar

Fuby |7 [ Faky PO [
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Output of an 8-point moving-average system

‘qe1 dsa ® opny

Iy R ey A Ty R Iy
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Multiple propagation paths in a wireless
communication environment
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Fiesi kg Al P dd ey
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2 6-"" Tapped-delay-line model of a linear
o . .
9 communication channel, assumed to
5 be time-invariant
!ll.:-rlall Tl — ¥ e 4 e | r=Fl
\ T l L™ J Tun \
L L] s ] Wi oy
|I.|r-|i
b upial
3 33
);1.45’ Block diagram of first-order
§ recursive discrete-time filter

The operator S shifts the output signal y[n] by one sampling interval, producing y[n —1].
The feedback coefficient p determines the stability of the filter.

Inpaust signal
i[m] +

-

i

- IZ:I|:|I|1||I aign:ll
¥ln]

—

Mscrete-time
time=zhil

Feedback
coefTicient

LA

operator

v —1]
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Exponentially damped
sinusoidal sequence

¢

T n 35
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Exploring Concepts with MATLAB

« Periodic Signals

» Exponential Signals

* Sinusoidal Signals

» Exponentially Damped Sinusoidal Signals
* Step, Impulse and Ramp Functions

» User Defined Functions

36




» Generate Square Wave:
A=1
w0 =10* pi;
rho=0.5;
t=0:0.001:1;
sq = A* square(w0* t,rho);
plot(t, sq)
axis(0 1 -11 1.1)

1 7
- MATLAB Window
37
1 7
e Periodic Signal

38
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Exponential Signal

» Generate Function: x = b exp(-at)

b=5

a=0;
t=0:0.001:1%
X=Db* exp(-a*t);
plot(t, X)

39

‘ge1 dsd ® opny

Exp Signal Plot
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3“} Sinusoidal Signal
| * Generate Function: x = A cos(o,t+ ¢)
A=4;
w0 = 20* pi;
phi = pi/6;
t=0:0.001:1
X = A* cos(WO* t + phi);
plot(t, X)
> Q
g"’j Sine Signal Plot
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Exponentially Damped Sinusoidal Signal

» Generate Function: x = A e sin(ot+ ¢)

A=060;

w0 = 20* pi;
phi =0;
a=0;
t=0:0.001:1;

X = A*sin(wO*t + phi).* exp(—a*t);

plot(t, X)
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Exp. Damped Sine Signal Plot
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Step, Impulse and Ramp Function

» Generate Step Function:

u =[zeros(1,50), ones(1,50)];
» Generate Impulse Function:

delta =[zeros(1,49), 1, zeros(1,49)];
» Generate Ramp Function:

ramp=0:0.1:10;
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User Defined Function

* Generate “.m” file to define function:

function g = rect(x)

g = zeros(size(x));
set = find(abs(x) <= 0.5);
g(set) = ones(size(set));
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X(t) =12
{O’

47

‘ge1 dsd ® opny

¢

P1.47

5-t,

1,
X(t)= t+5

4<t<5
—-4<t<4
-5<t<—4
others

Xii)

E- f;xz (t) ot
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P1.55 g(t) x(t)

z O

R0 P1.56
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(2) X3n-1
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Audio & DSP Lab.

)

(
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Audio & DSP Lab.

)

(

56




o@®

lr’;u]

gﬁ,’ v[r]
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v[r]
T
LA} ”l ) L ——0—
=1
L3}
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g P1.79
i) (1)
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Audio & DSP Lab.

x (1)

1/

1/

- f2
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Audio & DSP Lab.

X(1) m—mmepe [ —y (1)
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X, (t) = %(e*”fu(—t) + e‘”’u(t))

i )
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y(t) = A, coslagt +4) X(t)

X (1) e S e (1)

T

Ag cos(vgt + )

63
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P1.89 x[n] y[n]

t[n] —= E
+1

0.5

— E — v[n]
-5
t

.5
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P1.92
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