Discrete - Time Signals and Systems

Continuous-Time signals & systems
Introduction

Yogananda Isukapalli



Mathematical Representation of Signals

Function of an independent variable, in
Mathematical Sense

* Independent variable can be
« ‘Time’, ex. Speech signal
* ‘spatial co-ordinates’, ex. Image
* ‘time and space’, ex. Video
* ‘numerical index’

 Function can be,
 Of many Dimensions

 Continuous, Notation “()”, as in x(t)
* Discrete, Notation *“[ ]”, as in x|n]



Examples of common Continuous signals
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? A A

1 1 1
0.5 0.5 0.5 //\
0 - 0 0 =

R SR 4 2 0 2 4 2 0 2




0.5

Continued....
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r(t)=tu(t)
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Continued.... Examples

Lorentzian (l/pi)/(l+t*i) sinc(t)=sin(pi*t)/(pi*t) Impulse delta(t)
0.5 vy
|
0.5 / : M
0 -0.5 0
-2 0 2 -4 -2 0 2 -1 0 1

A sinc and sinc-squared function

Area under sinc or sinc*2
equals area under triangle
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[Classification of Continuous-Time Signals]

A) Energy Signals

E = lim j|x(t)| dt

L—>o0 °

D) Area
B) Average Power

P= lim {LL f 1P dt} Allxo[]= [ x0]dr
—L

L—>

C) Periodic Signals; Average Power



Common Continuous-Time Signals.

Function Notation Duration  Symmetry  A[lx(t)]]  Energy/Power
Step ut) Causal None 0 P= %
Signum sgn(t) Twosided  Odd 0 P=1

Ramp r(t) Causal None 0 Neither

Rect rect(t) Timelimited ~ Even 1 E=1

Ti il Timelimited Even 1 F=4
Exponential ~ exp(~thu(t)  Causal None l E= %
Laplace cexp(-Itl)  Twosided  Even l E= %



Common Continuous-Time Signals.

Laplace
Damped exp
Cosine

Sine

Sinc
(Gaussian
Lorentzian

Impulse
Doublet

yexp(-|t)
texp(-t)u(t)
cos(2mfot)
sin(2mfot)

sin(rt)[mt
exp(-mrt?)
(m(1+%)]
0(t)

0'(t)

Twosided
Causal
Periodic
Periodic
Twosided
Twosided
Twosided

Lero
Zero

Even
None

Even
Odd

Even
Even
Even

Even
Odd
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h signals: Example 1

a) x(t) = Acos(wyt + ¢) —0 <t <
with wy =37 rad/s, A=10and ¢=0
x(t) =10cos(3xt)

x(1)
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Examples 2&3: Infinite length signals
b) Periodicsignals, x(t)=x(t+1,) — 0 <<

Square wave with fundamental frequency of 3Hz
A x(1) (b)

— — — — — - | — — — — — —

i } t ;
-2 -1 0 1 2 ! Fig165
c) Two sided decaying exponential x(t) = 5¢ 1l —wo<t<oo
t
SAX®

(c)

Q [n

v
-1 0 1 ! Fig16.6
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p)=u(t—-2)—u(t—4), u(t)...unit step signal, next section
x(¢) = sin(4zt) [u(t) —u(t —3)]




[Unit Step Signal ]

u(f)

Fig 16.8

1 =20
0O <0




Finite continuous pulse

A u(t)
|
>
0 [ Fig16.9
A u(t—T)
|
>
T [ Fig16.10
Au@®)—u(t—-T)
|
>
0 T ! Fig16.11



[One Sided Signals: Application of Unit step signal ]

Unit step signal operates on the ideal non-causal

infinite length signal into a causal one

A u(®)
1

0 ™ ¢ Fig16.12

AN A RN AA A

-1 0 1 t 0 1 t

Fig 16.13



[Rectangular Pulse

t x(t)=rect(t/2a)

Fig 16.15

x(2)..is derived from 2 unit step functions
x(t)=A4 [u(t +a)—u(t— a)]



Unit Ramp Signal

Fig 16.16
4
I/'(Z) = _[ u(t)dr
u(z)... unit step signal

Also note that, u(r) =

dr(t) _dt _

dt

dt

1



Unit Impulse Signal
o(1)
(A)=(1)

—
0 ! Fig 16.17

Unit —impulse signal is symbolized with an arrow

The area of the impulse is written in paranthesses next to the arrow head
a) o(t)=0¢t+#0
1 4 <0<t

b) tj S(t)dt = {

0 otherwise

c) o(t) undefined at t =0
d) o(t) =0(—t); even function



Unit Impulse & Unit Step Signals

u(t)

A
u(t)
] 7‘.
| .
A

4
Fig 16.18

A is an infinitely small value

u(t) = E}% (1)

di(t)

Definition : ) (2) =
dt




Unit Impulse & Unit Step Signals, con.

A

- i)
i o) = dt

>
0 A t

Fig 16.19

Thus unit - impulse can't be defined as a single point

It is an approximation of narrow pulses whose area is 'l'

d”;g); u(t) = | S()dr

—00

o(1) =



Unit Impulse: Approximation with pulses

A Oa@)
1
A1
_1
1 = '~ = = T T, 2A:
. [
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—A»> —A1 O Aq YAND) t

Fig 16.20

Notice that the area of any pulse is 'l'

Impulse results at the derivative of any discontinuous point



Unit Impulse: Derivative at discontinuity

du(t
dt
3-_
(a)
0 2 ™
(3)
T (b)
0 2 >t Fig 16.21

Notice the location and magnitude of impulse



Ul‘lit Impulse— Derivative of a discontinuous functio

x(1) =e " Dy -1
dx(t) _ a1 du(t=1) de >V

+u(t—1
dt dt ( ) dt

=e2VsE -1 =22 Dy —1)
= 'St —1) -2 2" Dy -1

Fig 16.23

Fig 16.22



Unit Impulse - Scaling property
J@)o(—ty) = f(ty)o—1t,)
[ S8~ 1)t =1 (1)

S @A) = f(O)Sa (@)
—/O)/2A

@A) —

(/:f(ﬂ

—A 0O A

S@)é@) = f(O0)S()
(f(0))

/f(t)

The impulse is

shown as pulse



Unit Impulse - Scaling property
Af(t)(cS(t — 1)+ — 1))
(f (1)) (f(2))

/f@

»

t 0 %, ! Fig 16.25

signal f (t) multiplied by two shifted unit impulses

FOBE—1)+8@ 1)) = f(t))o—4,)+ f(t,)0(t—1y)
1 b 1
|;5(t+5); S(a(t—b))=—05@—b)

4

o(at+b) =



Unit Impulse - Example

Evaluate the expression, x(t) =sin(20xzt)o (¢t —1/80)
x(¢) = sin(207zt)S(t —1/80)
= sin(2021/80)5 (¢ —1/80)
= 0.70756(t —1/80)
the continuous function multiplied by an impulse becomes
an impulse with a size depending only on the value of

continuous function evaluated at the time location of impulse

of x(t)dt = of sin(207¢)6(t —1/80)dt = Of 0.7076(t —1/80)

—00

= 0.707



[Unit Impulse - Examples
a) Of S(t—1ty)e /" dt = e/
b) of t5(t —3)dt = of 35(¢ —3)dt

3 [ 5(t—3)dt =3

c) f (t+12)S(t —2)dt = f (2+2%)S(t —2)dt
-3 -3

3
=6[5(@—2)dt=6
-3



[Operations on continuous-time signals ]

Operation

Time shift

Time scale

Folding

Combinations
or

Amplitude scale

Amplitude shift

Example

x(t-2)
X(t+2)
x(2t)

x(30)

X(=t)

(=5t +1)
x(~3(t =2)]
2x(t)

x(t) + 3

Explanation

Shift x(t) right by 2 (delay).
Shift x(t) left by 2 (advance).
Compress x(t) by factor of 2 (speed up).

Stretch x(t) by factor of 2 (slow down).
Fold x(t) about origin.

Shift x(t) left by 1, fold and stretch by 2.
Fold & stretch x(t) by 2 and shift right by 2.
Multiply ordinate by factor of 2.

Add dc offset of 5 to x(t) everywhere.



x(t) (-2,4)

2 x

1 /]

5 A

-10 0 10

x(t/2) (-4,8)

2 7 ¥

1

0 =~ /L

-10 0 10
x(-t/2+1) (-6, 6)

2 7y

1 l\

0 \ -~

-10 0 10

X(t-Z) (0 ’ 6)

2 x

1 A

0

-10 0 10
x(2t) (-1,2)

2 y ¥

1 /I

0 / A

10 0 10

2x(t) (-2,4)

2 x

1

-10 0 10

x(t+2) (4,2)

2 x
l /I
0 / N
-10 0 10
x(-t) (-4,2)
2 E
1
h\ -
-10 0 10
x()+0.5 (all time)
2 i
' I
0 F .
-10 0 10



Operations on continuous-time signals, contd...

Signal Compression and Expansion
1 T T T T

T T T

1 1 1
0.02 0.025 0.03 0.035

Original Signal

1 1 1
o 0.005 0.01 0.015

1
0.04

1
0.045

0.05

AVAYA

0.01 0.015 0.02 0.025 0.03 0.035
Time Compressed Signal x(2t)

-1 1 1 1 1 1 1

u] 0.005 0.01 0.015 0.02 0.025 0.03 0.035
Time Stretched Signal x(t/2)

1
0.045

0.05

x(2)

x(2t)

x(t/2)

29



Operations on continuous-time signals, contd...

A x(t)
10 12 r
 x(¢/2)
) 0 2 4 t
t x(2+1/2)

—4 -2 0 2 {
Fig 16.28
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