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Chapter 1

s Introduction

1.1 DEFINITIONS OF A SIGNAL

A signal can be defined as 3 function that conveys information. A]th(m;dn Sgnals
can be represented in many ways, in all cases the information is contained 5 SO
Signals are represented mathematically as a functioy of one
pends on a single variable, the signal

pattern of variations.
or more independent variables. If the function de
1s said to be one dimensional. Eg., Speech signal. A speech signal is represente

mathematically as a function of time wherein the amplitude varies with ty,e
depending on the spoken word and the person who speaks it. If the functioy,
depends on two or more variables, the signal is said to be multidimensional. Eg., Imagc
signal. A photographic image is represented as a brightness function of two spatia]

variables.

Usually the independent variable of the m
But in some specific cases the independent variable may

athematical representatio
taken as time.

Real:-Life examples for signals
In this section, we have discussed few examples for real-life signals.
a) By listening to the heart-beat of a patient, a doctor is able to diagnose
presence or absence of discase. The quantty (heart-beat) represents signal that
convey information to the doctor about the state of health of the patient.
er the radio, we get quantities regarding
Y, the speed of wind etc. The signals
¢ whether to go out fora walk

b) In listening to a weather forecast ov
variations in temperature, humidit
represented by these quantities help us to decid

or not.

Basically there are two types of signals. (i)
timc_signal.

(i) Continuous-time signal

A signal x(t) is said to be a continnous-time signal Af 1t has value
for all time ‘¢’ (i.c., the independent variable '’ is continuous). Fig. 1.1
example of a continuous-time signal whose amplitude varies conting
Continuous-time signals arise naturally when a physical phenome

L7

acoustic pressure variation etc.) is converted into an electrical si T

Continuous-time signal a

transducer.

©
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2
x(t)
t
0
Fig. 1.1 A continuous-time signal
(ii) Discrete-time signal

: s y

1 )4 IS.
A discrete-ime Sigﬂl]S arc rcprcscnted mathcmatlcall as SC(.IUCHCC OF numbc :
: umbers x in W"liCh the n numbel in thC SCqUCI'ICC 1S dcnotcd by X(n) 1S
A sequence of n

written as,
x = {x(n) } i —o<n<wo
where ‘n’ is an integer.

Practically, such sequences are usuall

y obtained from a continuous - time signal by
sampling it at a uniform rate.

\s

Consider ‘t’ is the sampling period and ‘n’ denote an integer (—0 < n < ). Sampling
. 4 continuous-time signal x(t) at time t=

nt gives a sample value x(nt). We write this
sampled signal as x(n) such that,

x(n)=x(nt) ;n=0, L, 2, +£3
Thus adiscrete-time signal is represented by a sequence numbers oo X(
x(1),%(2) ..

Fig. 1.2 (a) and (b)
and discrete-

.........

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

@) anc illustrates the relationship between 3 continuous-time signal :¢(t)
time signal x(n) derived from jt.

x(t)

(a)



x(n)

—lr‘t

5 4 3 2 10 1 2 3 4 5 6 7

(v)
Fig. 1.2 Discrete-time signal x(n) obtained from a continuous-time signal x(t) with sampling period ‘v’

1.2 DEFINITIONS OF A SYSTEM

A system is an interacting group of physical objects or physical conditions that are called
system components. A physical system is an interconnection of components, devices or
subsystems.

Signals that enter a system from some external source are referred to as input signals.

Signals produced by the system by processing the input signals are called the outpur
signals or responses. Signals that occur within a system and therefore are neither input nor

output signals are called internal signals. The system responds to one or morc input signals
to produce one or more output signals. These signals are functions of an independent
variable such as ume, distance etc.

Many systems are quitc complex. They may contain system components and signals
of different types. For example, an audio amplifier system contains microphone that
convert acoustic signals to electrical signals, amplifier that amplify the electrical signals and
speakers that convert electrical signals to acoustic signals.

A continuous time system is one where continuous time input signals are applied which
resvlts in continuous time output signals. It can be represented pictonally as shown

Fig 1.3. _

Continuous-time —> y(t)
System

x(t) —_—>

Fig. 1.3 A representation for continuous-time system

is the output signal.

where x(t) is the input signal and y(©) |
Jation of a continuous tme system

Alternatively, wé can represent the input
by the notation as written below.

-output T

> y(®)

= . : here discrete-time input sig .
Similarly, a discrete-fime system 15 One w It can be represented pictorially as shown 1

which results in discrete-time output signals
Fig. 1.4.
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s y(n)

x(n) | ]
| ntation for discrete-time syste

Fig. 1.4 A represe

is the output signal.

¢ signal and y(n)

' inpu
(n) is the1 | t
o sent the input and ou

where

~rnatively; :
- ritten below.

b)’ the potation as w ,\-(ﬂ) N y(n)

Examples for systems - ’_// Identity of the
____———-—-—, .
Voice speaker

i) A Computer

Fig. 1.5 Automatic speaker recognition system

Estimation
: - —> of message
Speech itter Channel Receiver i r?al
Signal Transmi . Sig
or data

1

Fig. 1.6 Communication system

Real-Life Examples for Systems

In this section, we will discuss some of the real-life systems in brief.

1. Communication Systems :

The three basic elements of communication system are (i) Transmitter (ii) Channel

(i) Receiver as shown in Fig. 1.6. The transmitter and receiver are placed at a distance apart

which are connected by a physical medium called channel. The channel may be free space,

optical fiber, co-axial cable etc. The transmitter converts the message signal (eg., speech
signal, video signal etc.) produced by a source of information into a form stitable for
transmussion over the channel. When the transmitted signal travels through the channel
it would bc'dlstortf:d du.e to the physical characteristics of the channel. In addition to this,
noise and interfering signals originating from other sources conta

signals. The receiver receives the distorted signal to
form or into an estimated form

minate the message

= reconstruct it into a recognizable
of the original message signal.
Thus, the receiver does the r

i everse process that o
effect of the channe

[ transmitt
. il ; er and a
I such as noise elimination, amplific Iso reverses the

ation of wegk signals etc
2. Control Systems :

Intro

Ref
inpL

oQ

-~ = n O



| Disturbance
d(
e(t) v(t)
Feference Controller —> Plant — —> Output
input x(t) y(t)

Sensor/s &

Feedback
Signal B(t)

Fig. 1.7  Block diagram of closed loop control system

In any control system, the plant is represented by mathematical operations that
generate the output y(t) in responsc to the plant input v(t) and the external disturbance
d(t). The sensors existing in the feedback loop measures the plant output y(t) and
converts it into another form B(t) known as feedback signal. 1t is compared against the
reference input x(t) to produce an crror signal e(t). This error signal is applied to a
controller which in turn produces the actuating signal v(t) that performs the controlling

action of the plant.
For example. in an aircraft landing system, the plant is represented by the aircraft body
and actuator. The sensors are used by the pilot to determine the lateral position of the

aircraft and the controller is a digital computer.

3. Remote Sensing System :

Remote sensing is defined as the pro
of interest without being in physical cont

accomplished by detecting and measuring t

surrounding ficld. This field may be electromagnetic. acoustic, magnetic etc.
anner by listening to the

purposely illuminating

cess of acquiring informations about an object
act with it. The acquisition of informatons 15
he changes that the object creates on the

The acquisition of informations can be done in a passive m
ficld that is naturally emitted by the object and processing it or by
the object with a defined field and processing the echo.

1.3 ELEMENTARY CONTINUOUS-TIME SIGNALS

. TPE e Si « the basic
The elementary or basic signals occur frequently in nature. These .s;g1_1318 ;mthat e
building blocks for constructing more complex signals. Many physical signais

in nature can be modelled using these elementary signals.

s < Q1 5 LH'C,
Some of the important elementary continuous-time signals

1) Exponential signals
1Y) Sinusoidal signals
ii1) Exponcntially d?m
iv)  Unitstep function
v)  Unit impulse function
Unit ramp function

ped sinusoidal signals

Vi)
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1.3.1 Exponential Signals

xpo

Areale

..... (1.1)

x()=Ce ‘C’ is known as the amplitude of the

here both ‘C’ and ‘a’ real constant. Ineqn. 1.1,
wi

ANy
\ . - t=0- . . .
! exponential s:@ai 3‘t, . ve), the signal.#(®) 1s known as defayt'ng e;cponennal signal
JE 8O (ko & n?tg'avc) then x(t) is called growing exponential signal.
and if 2> 0 (i.c., ‘" 1s positi decaying and growing exponential signal
Fig. 1.8(a) and (b) shows the real decaying
respectively. ()=Cc™ W
" x(t)=Cc" ) ¢
C
] /
\ - : . N
0 0
Fig. 1.8(a) : Real decaying Fig. 1.8(b) : Real growing _
exponential signal (i.e., a < o) exponential signal (i.e., a> o)
In eqn. 1.1, if ‘C* or ‘a’ or both are complex numbers, then x(t) is known as
continuous-time complex exponential signal.
Note : Ineqn. 1.1, consider C=1and ‘a’ is imaginary.
e, wfi=ghe gt (1.2)
The signal x(t) given by eqn. 1.2 is periodic with fundamental period =-%)—n
A continuous-time signal x(t) is periodic with period T, | ’
if x(t) = x(t+T)
x(t) = a®yt
T S ) My (13)
{ x(t+T) = e}(llo(l'l'-[.)
i For x(t) to be periodic e (1.4)

ejmnt 2 e|'(no(H—T)

alogt ejmot_ ejmn’l'
Eqn. 1.5 s valig only if

Q0T =1

S f =0 then eio,T _ i

Y\_\*\ =\

>

Intr
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lrll’fod"c“on 7
If o, # 0. then the fundamental period T of x(t) is the smallest value of T and is
given by, 2 .
= e (1.7)
Substituting eqn. 1.7 in eqn. 1.6 we get,
00 B, = 2% = cos2m + j sin2n = . VR (1.8)
Therefore ¢®* and e7%" arc periodic with fundamental period T= %‘
1.3.2 sinusoidal signals
A sinusoidal signal is giveﬁ by,
(19)

x(t) =Acos(@t+9)

where ®,=2nf, = angular frequency (rad / sec)

£, = linear frequency  (Hz)
¢ = phase shift (radians)

The fundamental period of the signal x(t) in eqn. 1.9is T='%J)I (sec.)

1.3.3 Exponential damped sinusoidal signals
An exponentially damped sinusoidal signal is given by,
x(t) = e sinot :where a >0

inusoidal oscillation decreases exponentially

As ‘t’ increases, the amplitudc of s
onentially damped sinusoidal signal is shown

and approaches zero as t—>®. An exp
in Fig. 1.9.

x(t)

Fig. 1.9 An exponentially damped sinusoidal signal

1.3.4 Unit step function : u(t)

time unit St€p function is defined as,

The continuous-
U(t) =1 ¢t 2 0
=0 ;t<0



g 1 10

It is shown n Fi

u(t)

J

g. 1.10 An unit step function

Fi

1.3.5 Unit impulse function : S(t)

The continuous-time unit impulsc function d(t) is defined as,

5(t) = 0 20
(1.10)

Q
and J.ﬁ(t) de=1
0

This function 8(t) is also known as Dirac delta _ﬁm(tion.
is shown in Fig. 1.11

The continuous-time unit impulse function o(t)

o(t)

0
Fig. 1.11 An unit impulse function

Eqn. 1.10 indicates that the area covered by an unit impulse function 1s unity
T -~ - . . - % - . -
he impulse function §(t) is the derivative of the step function with respect to t
ime.

Consider a non-idealized unit st '
e . ep function u,(t) as sh in Fi
derivative of uy(t) with respect to time ‘t’ is shown in égg). 1.125(b(;wn B 15 el e

b (0=

1/A

Fig. 1.12(a)
- Fig. 1.12(b)
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8,(t) = dua(®)
dt

. R 7‘
The area of function 8,(t) = A% = 1. In Fig. 1.12(b), as A > 0,

§,(t) becomes narrower and higher maintaining its unit area.
S(v) = Lt
(©) =50 3200 e (1.12)

Therefore unit impulse function has,
(1)  Zero width
(i)  Infinite height
(i)  Unit area or umt strength
A graphical representation of impulse function with strength K’ is shown in
Fig. 1.13. The strength ‘K’ indicates the area under the impulse.

»{kﬁ(t)

0
Fig. 1.13 Impulse function with strength 'k’

Properties of contin uous-time Impulse function :
[e8}
(1) Iﬁ(t) de=1
-00
(e 0]
(i) Ik 5(t) =k
-00

iy x(t) 8(t) = x(0) 8(1)-

function)

a0
(iv) fx(t) §(t) dt = x(0)
B property of impulse f

t,) = *(to) S(t-t,) = (sampling

v) (). 80

w .
‘F‘(t) §(t-t,) dt = x(t) = (sifting P
-00

roperty of impulse function)

(V1)

.2>0

1]

(viiy  d(at) =-} 5(t)
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4.3.6 Unit ramp function r(t)

p function is defined as r(t) =t ¢ 20

=0 ;t<0

A ram
). An unit ramp function is shown in

It is the intcgral of the unit step function u(t

Fig 1.14. o)

unit slope

0|

Fig. 1.14 An unit ramp function

1.4 ELEMENTARY DISCRETE-TIME SIGNALS

s are direct counterparts of the continuous-time
the characteristics of basic discrete-time signals
uous-time signals. But, few important
| from that of continuous-time signal.

The elementary discrete-time signal
signals described in section 1.3. Many of
are directly analogous to that of basic contin
characteristics differ in case of discrete-time signa

Some of the important basic discrete-time signals are, *
(i)  Exponential signals.
(i)  Sinusoidal signals.
(iii) Exponentially damped sinusoidal signals.
(iv)  Unit step sequence.
(v)  Unitimpulse sequence.
(vi) Unit ramp sequence.

1.4.1 Discrete-time Exponential Signals
A real exponential discrete-time signal or sequence is given by,
x(n) = Ca" | L. (112)
..... (1.14)

. u::;l C, aingi B are real constants. Ineqn. 1.13, ‘C’ is known as the amplitude of th
quence atn = 0. If || <1, the signal decays exponentially. Furthermore, if a.<0 (e ;.

is negeti i [
s ge ‘ZC)’ the:‘1 ’thc sign pf x(n) alternates i.e., when ‘n’ is positive h 1t
alue and when ‘n’ is negative, x(n) has negative value » M7) has positive

where a=e¢ebP

The plots of x(n) = Ca" for o>
o 1; 0<a<1:
in Fig. 1.29 (a), (b), (c) and (d) respectively. |
In eqn. 1.13, if ‘C' or ‘o’
. . 13, a’ or both are
discrete-time complex exponential sequence. "

-1<a<0 and a<-1 are shown

con X
plex numbers, then x(n) is known as



r
x(n) 1
™
G 1
_____ 1] '
4 321 0 1 2 3 4 n
(1 a>1
!
! x(n)
7
T
vvvvv 'C
_l Loty )
5 4 321 0 1 2 3 4
(by 0<a<1
]
! x(n)
%
..... ke
-5 3 1 | 1 I 3! ..... n
- -4 2 0 e l .
L]
) -1<a<0
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introd
1
muli
T
x(n) T din
c . 1.4
..... ? T | n

(@) o<

Fig. 1.15
1.13 and eqn. 1.14, consider C=1 and P is purcly imaginary.
e, xm=&% T (1.15)

The complex exponential discrete-time signal x(n) = oo js periodic with

fundamental period N if,

QU:.‘R
e - T (1.16)

Note: Ineqn.

where ‘m’ is an integer. (1€, %’ must be a rational number)
A discrete-time signal x(n) is periodic with period N, if
x(n) = x(n+N)

x(n) = ei%n

/. x(n+N) = ¢ ®+N) (1.17)
x(n-!-l?}l) = e/%on WN = y(n) = %" if and only if |
elfoN = 1 |
..... (1.18)

Eqn. 1.18 is satisfied only if cither Q=0 or QN = 25
olN = m

where ‘m’ is an integer. - (1.19)
Qo _m
2n N

N e (120)
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muluple of 2m.
1:C.5 Qo = 2n.

-

L1

Zl

where ‘N’ is fundamental i :

. period, Q ; .

dimensionless) and ‘m’ is an integer. o s angular frequency in radians Gf n' is
1.4.2 Discrete-time Sinusoidal Signals

A discrete-time version of a sinusoidal signal is given by
x(n) = Acos (Qyn+0d) 12
,,,,, 22)

WhCl'C ‘A’ ls ma: 1 1 ngiec
‘I re A - xXimuin Uall]c Ut A.(n), Qo 1S allgular f‘ CquenC‘j and ¢ -lg phasc 2 g]
l] 1 1S dllllCllSlOnlCSS, bOth QO and (1) arc ”leﬂsllred mn rﬂdlans ‘

. g-nl}ke contln'luous-tlmc sinusoidal signal, discrete-time sinusoidal signals are not
eriodic for an arbitrary values of Q. For a discrete-time sinusoidal signal to be periodic

the angular frequency Q. must be a rational multiple of 2m.

ic, Qo=2mg
..... 1.2
where ‘m’ and ‘N’ are integers. N -
Consider a signal x(n) shown in Fig. 1.16 which is given by,
..... (1.24)

x(n) = cos (—Tffl)
Comparing eqn. 1.24 with eqn. 1.22, we have
- _n_2t_opl
A=1, ¢=0 and Q,=7=7g ="}

- Fundamental period N =8.
x(n) = cos (7%1')

1

{
| 0.707
b I 4 } n
_ I 0
-0.707
[ ]

§
;. 1
nn

(n) = €OS (T)

e sinusoidal sequence X |

1.16 A discrete-tim

‘ Fig.
i oidal si als .
1.43 Discrete-time exponentia“y da:‘?ed :iig:llsst qucnccg:: given bY
_ . rially damped SIMUEREE S e (1.25)
A discrete-tume exponenttd < |a] <!
x(n) = Ca" sin (Q“+¢) 0<lal
‘’ increases

The value of x(n) decreascs a8

b
—
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1.44 Discrete-time unit step sequence : u(n)

A discrete-time unit stcp sequence is defined as,

u(n) =1 in20

=0 n<0
' in Fig. 1.17.
It is shown n g -
' | [ [
- —eo——— } 4 } ] } -
4 3 210 12 3 45

Fig. 1.17 An unit step sequence

1.4.5 Discrete-time unit impulse sequence : &(n)
A discrete-time impulse sequence is defined as,

6(n)=1 ;n=0

It is shown in Fig. 1.18.
&(n)

1

5 -4-3-2-90 12 3 4 5 n
Fig. 1.18 A discrete-time unit impulse sequence
Properties of discrete-time I mpulse sequence :

(i) x(n) 8(n) = x(0) &(n) (i) x(n) 8(n-n,) = x(n,) 5(n-n,)

(iii) > x(n) (n) = x(0)

n=-w

(%) > x(n) 8(n-n,) =x(n) = (

2 sifting property of impulse sequence)
Note ; u(n) =1

yn2(
=0 :n<y
. u(n) = 3(n) + 8(n-1) + 8(n-2) +

Ints
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1.4.6 Discrete-time unit ramp sequence : r(n)
A discrete-time ramp sequence is defined as

r(n) =n :n20
=0 yn<0
It is shown in Fig. 1.19.
' r(n) .

4 3 2 -4 0 1 2 3 4
Fig. 1.19 A discrete-time unit ramp sequence

1.5 BASIC OPERATIONS ON SIGNALS .

In this section, we describe some of the basi i
' : y . asic operations that
signals. One dimensional signal can be defined using two v:n'i:xblescould o

(i) Dependent variable (1) Independent variable.

Dependent variable corr h i
e gc vt -e c‘ cspo?ds to the amplitude or value of the signal but the
independent variable is time “C or ‘n’ for continuous time and di 1 i 1
pe iscrete-time signal respectively.

1.5.1 Operations performed on the dependent variables
a) Amplitude scaling : Let x(t) be a continuous time signal. Then the signal
y(t) = cx(t)
is known as amplitude scaled version of x
The signal y(t) 1s obtained by multiplying t

(1.26)

(t) where ‘c’ is known as saling factor.
he value (amplitude) of x(t) by scalar

‘c’ atall °t’.
rete-time signal. Then the signal,

Similarly, let x(n) be a disc
y(n) = c x(n) - NI
rsion of x(n) where ‘¢’ 152 scaling factor. The signal
‘" atall ‘n’.

s known as amplitude scaled ve

y(n) is obtained by multiplying the value of x(n) by scalar

uous-time sigmls. Then the signal,

b) Addition : Let x,(t) and x,(t) are contin
..... (1.28)
y(t) = x,(t) + x5(t) ‘ e
1 ada
is known as the addition of x,(t) and x,(t). The value of y(t) 1s obratt ]
the values of x(t) and x,(t) for all ‘t’. o -
Similarly, let x4(n) and x»(n) arc discrete-tune signals. Then the signal, 5
is known as the addition of x;(n) and x(n)- The value of () 15¢
ll ‘n,. - l,
d xZ(n) for? continuous—timc sigmls' Then the S8

the values of x;(n) an

¢) Multiplication: Let x,(t) and x,(t) are given
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..... (1.30) In
y(t) = x;(t) - x5(t)

i : of y(t) is
A . e amplitude ot y(
is known as the multiplication of x,(t) and x,(t). The value 0; ar alrl) :
- : e p . o .
obtained by taking the product of the values of x(t) and x,(t) l
; ; cale Then the signal,
Similarly, letx,(n) and xy(n) are discrete-time signals. Then t g

y(n) = x,(n). x3(n)
is known as the multiplication of x(n) and x,(n). The v;||}| ,
taking the product of the values of xy(n) and x,(n) for all ‘n’. |
d) Differentiation : Let x(t) be a continuous-time signal. Then the differe
with respect to time ‘t"is defined as,
. (. (1.32)
y(t) = dt
c) Integration : Let x(t) be a continuous-time signal. The
respect to ‘t’ 1s defined as, :

..... (1.31)
¢ of y(n) is obtained by

ntiation of x(t)

n the integration of x(t) with

t
y(t) = J‘x(r) AP . r . m me (1.33)
-» ,
1.5.9i Operations performed on the independent variables
a) Time Scaling : Let x(t) be a continuous-time signal. The signal y(t) obtained by
scaling the independent variable ‘t’ by a factor ‘a’ is given by,
yo) =x@) (1.34)

Ifa>1, the signal y(t) is a compressed version of x(t) and if 0<a<1, the signal
y(t) is an expanded version of x(t).

Eg., Let x(t) is as shown in Fig. 1.20.
(1)

2 '-1" 0 1 2 J
Fig. 1.20 A continuous-time signal x(t)

The signals x(2t) and x(30) are shown in Fig. 1.21

and Fig, 1.22 respectively,
X (2t)

2 4

0 1 3 t

Fia :
'8 1.21  Compresseq Version of x(t) by factor 2
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x(%2 1)
2
.............. 1
-4 -3 -2 |
) 2 - o 1 2 3 t
Fig. 1. i
S. 1.22 Expanded version of x(t) by a factor 2
In the discrete-time sequence
y(n) = x(kn) k>0
(1.35)

where ‘k’ is an i -
; al? integer. If k>1, some samples of x(n) w
g Letx(n) is as shown in Fig. 1.23 ould be lost.

x(n) 25—;-’0
A
1.5
+ 1
ozso-i" I
T —
-4 3.2 1 0 1 2 3 et
g BE L 5

Fig. 1.23 A discrete-time signal x(n)

The signal x(2n) is shown below in Fig. 1.24

-0 W

x(2n)
2

n

1
0.25 I
-zi-é-é-1d1'2§fls:é'}
Fig. 1.24 Compressed version of x(n) by a factor 2

b) Time Shifting : Let x(t) be a continuous-time signal. Then the signal,
' o (1.36)

y(t) = x(t - t)

is known as time shifted version of x(t), where &
hifted to the ri

formof the signal is
ot x(t) is shown in Fig. 1.25.

is the ume shift.
ght. If t,<0 the wave

form 18

If t,>0, the wave
shifted to the left. L
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c) Reflection : Let x-(t) be a continuous-
known as the reflected version of x(t)

¥ 4

Fig. 1

Then, x(t-2) and x(t+3) 15 shown 11

1

signal

25 A continuous-time signal

Fig. 1.26 and 1.27 rcspcctivc]y.
1 1rg. -

2

t
0 1 2
Fig. 1.26 A right shifted (delayed) signal
x(t+3)
RO 1
¥ + + $ + " " ¢
4 4 4 2 4 o] 1 2z 3

Fig. 1.27 A left shifted (advanced) signal

Example for a continuous-time
Fig. 1.28 and 1.29 respectively,

about the amplitude axis.

-1 0 1

Fig. 1.28 4 continuous-time signal x(t)

s & Systems

time signal. Then the signal y(t) = x(-t) is

x(t) and its reflected version x(-t) is shown in

2 —

Introduction
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2 -1 0 1

Fig. 1.29 Reflected version of x(t)

precedence Rule : Let the signals x(t) and y(t) are related by the following eqn. 1.37

yt) =x(at-b) (1.37)
To get y(t) from x(t), we have to perform both time shifting and time scaling

operations.
Put t=0in eqn. 1.37 we get,
yO=x(- .. (1.38)
Put t=Db/a in eqn. 1.37 we get,
(1.39)

y(b/a) = x(0)

Once we obtain y(t) from x(t) by performing tume shifting and tme scaling

operation, it must satisfy the eqn. 1.38 and 1.39.
This is possible only if the time shifting operation is performed first on x(t) which

yields an intermediate signal v(t) given by,
v(t) = x(t-b) — (140)
Next, the time, scaling operation is performed on v
ie., y(t)=v(at)= x(at-b)

Examples /

Sketch the following signal.

(t) to obtain y(t).

.....

Example 1.1
x(t) = u(t) - u(t-2)
Solution : Given : x(t) = u(t) - u(t-2)
The signal unit step function u(t) is shown in Fig. P1.1.1.
u(t)
1 : . Fig. P1.1.1
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2 shown in
nits as
® ight by 2t
the Ng
u(t) O ;

: shifting
The signal u(t-2) 1s obtained by §
Fig. P1.1.2 .
ult=d) ] e
1
t
0 2
Fig. P1.1.2
e, ut2)=1 ;tz 2
=0 ;t<2
Now x(t) = u(t) - u(t-2) is obtained as follows. oet
For t<0 u(y) = u(e-2)=0 nx(t) = 0- 0=1
For0<t<2 ;u()=1& u®-2)=0 ~x(=1-0=
Fort>2 cu)) =1 & ue-2)=1 -~ x(t)=1-1=0
The signal x(t) is shown in Fig. P1.1.3.
x(t)
1
0 bR t
Fig. P1.1.3

Example 1.2 Sketch the signal x(t) = -u(t+3) +2u(c+ 1) - 2u(t-.1) + utt-3)
Solution: F -
olution :  Firstly, -u(t+3) ; Xy(t) = 2u(t+ 1);

as shown in Fig. P1.2 (a) to (d)

we sketch the signals x(t) =
(1) = -2u(t-1) and (1) = u(t-3)

x(t)

(2)
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x,(t)
2
2 1 0 1 3 3 .
x,(t)
2 L Y 1 2 3 t
2o}
x,(t)
-2 1 0 1 P 3 t
x(t)
1
t
- A 0 T 2 3
1 -1
Fig. P1.2

The signal x(t) = x,(t) +x5(t) +x5(t) +x4(t) 15 obtained as below and plotted in

Fig. P1.2(c).
For t<-3 s x, (1) = x5(1) = x3(t) = x4(1) = 0 o x(t) = 040+0+0=0

For 3<t<-1 ix(t) = -1; 2 = xp(f) =md) =0 a0 = 14040302
For-1<t<1 ;x,(t) = -1;x(t) = 2 xy(t) = x(t) =0 X0 = -1+2+O+0“—

x(t) = 142-240=-1

)y =2 x%,(t) = 22: x,()=0 ..

=-2:x,(0=1" x(t) = 142241 =0

For 1<t<3 ;x,(t) = -1;xa(t
Fort>3 ; xy(t) = -1 s Xo(t) = 2 ; %3(t)

~ )

Example 1.3 Sketch the signal,
x(t) = r(t+1) _r(t) + r(t-1) R

Solution :  Firstly, we draw the signals,




N

Signals & Systems
& | N
in Fig. P1.3(a), (
(6 = r(t+1); x,(t) = -r(t) and x,(t) = r(t[; li);;;;how" .
Ny(t) =r ’ 2 = ' R ‘ 1. .
;:llld (c) respectively and x(t) is shown in Fig.
x,(t) g
: / |
/ 2
(a) 2 R 0 1
x,(t)
t
' (b) 2 1 0] 1 2
x,(t) i,
_/ t
© 2 1 0 1 2
x(t)
1 /
" / t
(A Ty
Fig. P1.3
e i —t | L
Example 1.4 A continuous-time signal x(t) shown in Fig. P1.4. Draw the signal,
y(t) = {x(t) +x(2-t)} u(1-t)

x(t)




x(t)

2
L
2 R 0
-1
x(2-t) 2
Al
A7 31 pesceses
-5 ,;Y
f -3 TE R .1p
| x(6) +x(2-0)
3
2+
14
(C) 3 _2‘ -1 0
u(1-t)
1
(d) _é 2 1 0

21
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y(1) =) 0sts ]

- otherwise

Signals & Systems
In

Bxawple 1.5 A

respectively. Express X

continuous-time signal x(t) and g(t) 15 sh

(t) in.terms of g(t).

x(t)
3
2..
[—J, 14
' : t
4 3 2 T e R
Fig. P 1.5.1
8(t)
1
-1 0 7 ¢
Solution : Fig. P 1.5.2
g(t) -
1
-4 3 - - | '
2 1 0 1 3 - z :
Fig. P1.5.3
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mm,ductlon %
e x(1)
20-
14
4 3 3 o 1z 3 4 :
Fig. P1.5.6
Adding g(t), g(%t) and g(-_%t) yields the signal x(t) as shown in Fig. P1.5.6.
wx(t) = g(t) + g(30) + g(40)
51
Example 1.6 For the continuous-time signal x(t) shown in Fig. P1.6, sketch the signal
y(t) = x(3t+2)
L %
\ (t
S |*®
Fig. P1.6
" " t
- -1 0 1

Solution :  According to precedence rule, first we obtain an intermediate si
representing time shifted version of x(t) and then compress it
to get y(t) = v(3t) = x(3t+2)

| Vo= s+
3
0
Fig. P1.6.1
y(©)= v(3)= x(3t+2)

0
Fig. P1.6.2
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_ 2 le)
in Fig. P1.6 (previous example),
26 gﬂal x(t) shown i g

g~ tlme 5'
- thc contl nll((;“) M x(3(+ 2).

F
Example 1.7 & 2) are shown in Fi

g p1.7.1 and Fig. P1.72

respcctivclY- ),

+ ke
1 o ?
+ 3 ¢
.é -.':2 -i -;/: "',:; 0 1 :
Fig. P1.7.2
(|YO=xC0+aGe+D
—t— 1 : : t
3 2 SRR (A, % ?
Fig. P1.7.3
We have  y(t) = x(3t) + x(3t+2)
::Z; .-;x;: <tj/;1 ;%(3t)=0 and x(3t+2) 0 y(t) - 0 ,
| > x(39=0 Soy(t) = x(3t+2)
For-'5<t< 1y 1 x(3t+2)=( :
For t> '3 %(36)=0 and x(3 o
x(3t+2)=( yit) =0

) ‘;; | i e, gnal x(t) shown in Fig P1.6, draw
5:9 - Solution y(t) = x(2(t-2))
y(t) = = x(2t-4)
Accordmg to the

Precedence rule

is time shifted versjon x(t) [i.e., v(t) =x(¢- -4)] °
as s




:
;:
b

Then compress it by a factor of 2 to get y(t) = v(2t) = x(2t-4) as shown in Fig, P1.8.2

v(t)= x(t-4)

t

0 1 2

y(t) =v(2) =x(2t-4) =x(2(t-2))

..................

r

0o 1 %2 % 3 4 5

Example 1.9  For the continuous time signal x(t) shown in Fig. P1.6, draw

Solution v:

y(©) = x(-2t-1)
We have to find  y(t) = x(-2t-1).

In this case, we have to perform 3 operations in the following order.
(1) Time shifting (ii)) Compression & (iii) Time reversal

Time shifted version v(t) = x(t-1) is shown in Fig, P1.9.1

v(t)= x(t-1)

Fig. P1.9.1
t

0 R 2

]

The compressed signal z(t)= v(2t) = x(2t-1) is shown in Fig. P 1.9.2.

z(t)=v(2t)

Fig. P1.9.2
t




le 1.10 Two continuous

Signals & S
Vslen,.

) = z(-t) = \‘('2&1) Int
(t):l,('t)=x('2t'1)
{1
Fig. P1.9.3
_6——-—/ t

s x(t) and y(t) are given in Fig. P1.10.1 ang

time signal

Examp
b1 102 respectioel Draw z(t) = *(2t) y(2t+1).
x(t) |
L [
g N 1 2 3 t
§ Fig. P1.10.1
y(t)
......... - 1
2 4 0 1 ;
2 3 t
-——__r_ 3 F.
N 9. P1.10.2
ton:  We have to draw z(t) -
= x(2t
)y(2t+1) and it jg shown ; F
in F
- 1g. P1.10.5.
14...
%2 a o
3 t

Fig. P1.10.3



y(2t+1)

t

{1 Fig. P1.10.4

).1 and

1] ey
0.5 /]

t

4 3 2 A0 iz s
Fig. P1.10.5
Fort < % L x(20=0 & y(2t+1)=0 - 2(1)=0
Eor % <t< % L x(20=0 & y(2t+1)20 - 2(0)=0
Fis .21_ <t<0 ;x(20#0 & y2t+1)20 - - 2(t)20
k For0 <t< -;_- L x(20%0 & y(2t+1)=1 - 2(t)=x(21)
lt ' ’
&
Forl<t<3 ;x(2)20 & y@+1)=0 - 2()=0
i Fort > % ;x(20)=0 & y(2t+1)=0 o 2(9=0

Example 1.11 For the x(t) and y(t) shown in Fig. P1.10.1 & P1 10.2, draw z(t) =x(t)y(-1-t)

Solution:  We have to draw z(t) = x(t). y(-1-t), i.c., z(t) =x(0).y(-t-1)

x(t)

3 N ¥ e
‘ 1 d Fis- P1-11'1
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= i na|5
N ' Sig

introd

: t) as
1jon Y(
flection operat
nd re
ga

. ghifting v
rming ‘%brcspccnvt- &
30 ¢ by perforiE 11,
jnec 1« Fllﬂ
% 1)“0"’“‘ PI 1123
(-+=% " gig. P1- y
i rhn“"" in v(=Y(t N
By
\ “\\‘

Fig' P‘l 1 1 2

2(0 = v(-) = ¥+

Fig. P1.11.3

z(t)=x(t) . y(-1-t)

Fig. P1.11.4

Example 1.12 The discrete-time

signals x(n) and y(
Fig. P1.12.2 respect

n) are shown in Fig. P1.12.1 and
ively. Sketch the si

gnal z(n) = X(2n) Y(n-4),

e T J



Ry o

nals & |
sig - )

, operation y(t) as

R 43 2 a0 3. 4 8
. t Fig. P1.12.1
y(n)
J ] ]
‘ + n

" -41 -31 _21 _11 e
-1
Fig. P1.12.2

Solution : The signal x(2n) and y(n-4) are shown in Fig. P1.12.3 and Fig. P1.12.4 respectively

x(2n)

Fig. P1.123

y(n-4)

L1]]

r & " b Z a } !
RIRIN BN I IS B
4
Fig. P1.12.4
1 and

The signal z(n)=x(2n). y(n-4) is shown in Fig. P1.12.5.
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Fig. P1.12,5
From Fig. P1.123 and P1.12.4 e have,

Forn<( s ¥(n-4)=0 ;. z(n) = x(2n)y(n-4) = 0
For ;1=0 ;%(2n)=0 ;. z(n) = z(0) =0
Forn=1  ;x(2n)=2 & y(n-4y=-1 ; . 2(n) = z(1) = -2
Forn>1 ; x(2n)=0 ;.o.z(n) =0

b e ketch the signal,
Example 1.13 A disércte-time signal x(n) is shown in Fig. P1.13; Sketc

~y(n) = x(n) u(2-n)

x(n)

Fig. P1.13

Solution :

~N

u(2-n)

The signal u(2-n) is shown in Fig. P1.13.1,
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| m,.oduction

Now, the signal y(n) = x(n). u(2-n) is shown in Fig. P1.13.2.
y(n) = x(n)-u(2-n)

1

-————Q-—H:....:
5 4 321 0 1 2 3

1

a0
we

Fig. P1.13.2

——

Example 1.14 A discrete-time sequence h(n) is shown in Fig. P1.14. Sketch the signal,
x(n) = h(3n) . d(n-1)

| 92
h(n)
SESEIE 312
1
1/2
-4
—— T T n
1 0 4
-1/2
-1
J -3/2
]
-2
Fig. P1.14

Solution:  Given: x(n) = h(3n) §(n-1)
The signal h(3n) is shown in Fig. P1.14.1 below.

h(.’;n)

Fig. P1.14.1
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T Fo LR e, (1-43) Introduction
Let MOF aw(® ) al (1), x(t) 18 ¢he imaginary part of #(t)nd iy,
here xp(®) 1S the real pilrt‘ul \( "l
’T'II:: complex conjugate of¥@®™ . 0 e (1.44)
oy = ® - 50
Decompos ‘?io" (f{-ati:f":‘:;;nl x(t) can be decomposed into a sum of two signals, one of
wl1i¢'l?i.:-(:‘l:'i‘lxl::‘?(ltj the other is odd x,(t) such that, Ex :
x(t) = x(t) + o 0 7 (‘],45) ample 1.
For (0 10 be even, Solution :
P DL A A SRS St 149
and x,(t) to be odd,
xy(-t) = %) © e (1.47)
Substituting t= -t ineqn. 1.45 we get,
x(-t) = x(-t) + x,(-t)
M) =xO-x0 e (1.48)
Solving for x.(t) and x,(t) from eqn. 1.45 and 1.48 we get,
wO =Skl (1.49)
s el =
& x(0) = [0 - x(-0)] i §5 | calle i (150)  Example

Similarly, a discrete-time si : twi So

arly, -time signal x(n) can be decomposed i gn

il . poscd into a sur [ S '

of which is even x,(n) and the other is odd x,(n) such that IS O s bt coe e
L]

x(n) = xc(n) + x()(n) |
..... 1.51
where x (n) = -2]- [x(n)+x(-n)] i
and x STTTRrE N L (1-52)
o) =5 [() - x(-n)
..... 1.53
Examples _
B :
ample1.16 Find the even and odd components of the s
x(t) = cos(t) + sin(t) + sin(t) cos(t) R 1
Solution :  We h: =1
ave x.(t) 3 [x(t) + x(-t)]

, JPVRRE P ¥ . P1.16.! Examp
& "‘c)(t) = '2' [.\‘(t) - x(_l)]

Given : x(t) = cos(t) + sin(t) + s cosy Ll it

We can obtain x(-t) from x(t)

Lox(-t) = cos(-t)+sin(

cos(t)
by l'CPIacing t by -,
=t)+sin(-t) cos (-t)
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SUb“‘t( .) cos(t) - sin(t) - sin(t) cos(t)
stitut

utingeqn. P1.16.3 & P1.16.4 in oan, PLI6T wecne P1.16.4

xc(c) = COS(t) ' 161 we gct‘
S 25 .

ubstituting eqn. P1.16.3 & P1.16.4in P1.162 w
1102 we get,

x,(t) = sin(t) [1+cos(t))

Example 1.17 Obtain the cven and odd components of the signal x(

e K t) = (1+t") cos’ (1(
= o 1 s (10t).
Solution :  We have”  x (1) =3[x(t) + x(-t)] P 17) |
&  x(t) =--[x(t) - x(-
O -x(0) P1.172
Given: x(t) = (1+¢
A=A )Cjosj twy L P1.173
x(-t) = [14(-t)’] cos® [10(-1)]
x(-t) = (1) cos* (10y . P1.174
Substituting eqn. P1.17.3 & P1.17.4 in eqn. P1.17.1 we get,
x.(t) = cos’(10t)
Substituting eqn. P1.17.3 & P1.17.4 in eqn. P1.17.2. we get,
x,(t) = © cos’ (10¢)
Example 1.18 Find the even and odd part of the signal x(t) = 14+t+32+50+9¢
Solution - We have x.(t) =',1,—[-\’(t) +x-9} P1.18.1
1
&  x(0) =5 [x(0 -x(-0)] i
Given @ x(t) = T I ,~ P1.183
x(-t) = 1+ (030750 +9CY" P1.184

sox(-t) = {-t+32-50+9¢
Substituting eqn. P1.1 8.3 & P1.18.4 meqn.
x.(t) = 1+32+9¢"

Substituting €qn. p1.18.3 & P1.18.4 meqn P1.18.2 we get,

I-’l.lS.I\ we get,

Examplc119 Determine and sketch the even and odd parts
Fig. P1.19 below.

Solution : Wc have

‘ .
of the signal shown n
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Intro
1
0
Fig. P1.19
1 . .
: = btain
. .nd 1 x(-t)]. The signal 3 x(t)1s0 ed
- . nsists 2 terms [1.e. jx(,‘)‘m a . ‘o hown bel ' —
f) mTh(L:)sE;m:l]::lﬁi)pisiné 1ts strcngth (amP"“‘de) by 2 at all "t as s clow B
To X X
i 9.1.
Flg. p1.1 _;-A([)
1
t
0
, Fig. P1.19.1
Se

Similarly, the signal %x(-t) is obtained by taking the mirror image of x(t) to obtam
x(-t), then multiplying its strength by Latall t' as shown below in Fig P1192.

159
1
2 3 0 t
Fig. P1.19.2
4 |
Adding 5 x(t) and 5 x(-t), we get x,(t) as shown in Fig. P1.193.
X(r)
!
2 -1 0 i 2 :
Fig. P1.19.3

Similarly, we haye x,(t) =%-[x(t) - x(-1)]

*(t) =3]x(t) ~ %x(-t)

Substracting = x(-t) from .
2 N 5x(t), we Betx, (t) as
2 et shown below in Fi
1g. P1.19.4.




/slemg

1ned
W In

ain

N\
Introduction
-2 Rt
it Fig. P1.19.4 '
Example 1.20 Determine and skerc]
it Fig, P1.30, ch the even and odd components of the signal x(t) shown 3\
LALxe
-2 _; 0 ' 1 t
; Fig. P1.20
Solution :
3x(1)
A
+ /: t
o x 1
‘ ! # Fig. P1.20.1
I
3 x(~t)
L
: t
-1 0
Fig. P1.20.2
3 in Fi 203.
Adding %x(t) and %x(-t), we get X (t) as shown below in Fig. P1
J =0
: t
p: A 0 1 g

Fig. P1.20.3

T in Fig. P1.20.4
Substracting 3 X(-t) from 4 x(t), we get x,(t) as shown below in Fig
u g3 2
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x,(t)
t
Ay
g Fig. P1.20.4

d sketch the gven and odd

1.21 Determine an tch
i signal x(n) shown n Fig. P1.21.
x(n)
1 [ ] ‘
1 = R n
J o 1 2 3 4 5
p. 7 Fig. P1.21

Solution :  We have x.(n) =12'[x(n) + x(-n)]

x.(n) :—;-x(n) +%«(-n)
The signal x.(n) consists 2 terms [i.e,, $x(n) and 3x(-n)]. The si ' 1
| , sts s [ie, 3 and 5x(-n)]. The signal 5x(n) 1s
obtained from x r the s: alue A ‘n’ 2
o [)1_21_;(?ln x¥(n) by multiplying the sample values of x(n) by % at all ‘n” as shown in

Fig. P1.21.1

g the mirror image of
) Ing t age of a(n)to
sas shown in Fig. P1.21.2 i =

3x(-n)

Similarly, the signal ! i
4 gnal 5x(-n) is obtained from x '
get x("“)’ then multiplying its sample Ja]ltut:?l(;)lfn ok b |

H—.

Fig. P1.21.2




- § SesmS

Fig P1.21

-x{n) s

hown

p121.2

introduction
Adding - .
Adding s x(n) and ! (. N
2 2 k \.\\\ g\[\\ n) as \hu\\n H\'h' iv’ '\1 !
o o
432498 12 3 &3 n
- ‘ce
Fig. P1.21.3 h
~ Yark- S | . i ‘
Simiarh. we have x(n) = -[x(n) - x(-n))
) 1 1
x_ (n) =?.\'{_ n) - —x(-n)
Subtracting = x{-n) from 3¥(n), we getx,(n) as shown in Fig. P1.21 4.
X, (n) p
1
5 403 2 n
& + r A4 -
g 1 2 3 & 5

51

Fig. P1.21.4

Example 1.22 Determine and draw’ the even and odd parts of the discrete-time signal )

shown in Fig. P1.22 3T ()

f
~
Bk
)
Ny
'
w
.
™ 4
'
—
o
.
n
[#5]
4=
w
');
o

Fig. P1.22

Solution : L il

(X}
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Introdu
a2
$x(n) 15 Soluti
n
5 6 7 8
2
.7'-6'5"“34-1 o
Fig. P1.22.2
in Fi 223
shown in Fig. P1.
Adding +x(n) and $x(-n), we get Xc(n) as
3 x,(n)
1 LI 0.5
05 0.5 I I ? " N ? # n
! et 478 6 7 8
7 & 5 4 3 2 -1 01
Fig. P1.22.3
in Fi 22.4
Subtracting +x(-n) from 3x(n), we get x(n) as shown in Fig. P1.22
x,(n)
1
0.5
PO 2 I S, ettt
i1 65 -43-2-10 1 ¢ 3 4 5 6 7 8
0.5 0.5
1
Fig. P1.22.4
Example 1.2 Find the odd and even part of the signal x(t) shown in Fig. P1.23 below.
x(t)
1
= |
1 0 ] |2 _
WF PO A | 1
Fig. P1.23



Introduction
Solution : a3
l/\ X (()
Va
~Yob — = - - _ | 2
Fig. P1.23.1
Yo x(-t)
2
L el 0 —11 t \
''''''' =2 2
Fg. P1.23 2

Adding signals shown in Fig. P1.23.1 & Fig. P1.23.2 , we get x,(t) and 15 shown in
Fig. P1.23.3.

x(t)

Fig. P1.233

Subtracting signal shown in Fig. P1.23.2 from Fig. P1.23.1, we getx (1) and 1s drawn

in Fig. P1.23.4. |
x,(t

i ignal x(t) and its even part x(t) re
Example 1.24 Fig. 1.24(a) and (b) shows part of the signa vely
i f'(ft >0 only. x(t) and even part x(t) for t<0 is not shown. Complete the .

of x(t) and x(t). Also draw the odd part of x(t) [i.€., x,(t)]-
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Introc
"
x.(t)
\\“l\
2
2
. t
t 0 1 2
1 ()
v (@ Fig. P1.24
| is symmetric about t=0. Thus, we have
1 15
Solution : We know that even part of any signa e A relow
the complete even part x,(t) as shown n Fig.
x(t)
2
& " t
2 4 0 1 2
Fig. P1.24.1
We know that x(t) = x.(t) + x,(t)
Now, x,(t) for t 2 0 is obtained in such away that if we add x (t) and x(t) for t 20,
we should get the given x(t) for t > 0 shown in Fig. P1.24(a).
x%,(t) for t20 is shown in Fig. P1.24.2,
(1) |
E

A
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\

If we add the signal shown i E:

. wn in F
as shown in Fig, P1.24(a). " 718 PL24(b) and P1.24.2, we get x(t) for e > 0
Now, we know that odd

Therefore, the complete Xo(t) is shown in Fig. P1.24.3 below,

Xo(t)

Fig. P1.24.3

Now the complete x(t) is obtained by adding complete x,(t) and x,(t) as shown in
Fig. P1.24.1 and P1.24.3. It 1s shown in Fig. P1.24.4 below.

x(t)

Fig. P1.24.4

Example 1.2.% Find and sketch the even and odd components of the signal, ‘
x(t) = e @ u(t)
x(t) = e u(t)
= (0.779)" u(t)
1x(t) = L 0.779) u(t)

Lx(-t) = £(0.779)" u(-1)

Solution: Given:
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1) & (0) below

The sketch of % ()

15 X(1)
- 2
0.389 | i
]
]
! t
0 : (a)
15 2(-t)
s
0.389
. t (b)
Fig. P1.25.1

Xe(t)




Introduction

(a)

Subtracting Fig. P1.25.1 (L) from ¢

()

Va

47

). we et *olt) a5 shown in Fig. P1.25.3 below

-2

Fig. P1.25.3

(b)

Example 1.26 Prove that,

a a
(1) jx(t) dt =2 j.x(t)dt
—a 0
a
(i) jx(t) de=0
—-a
a a

Solution: (1) To prove jx(t) de=2 J.x(t)dt

4 0
a
LHS = jx(t) dt
-3
a
= fx(t)dt + jx(t)dt
—a 0
—a a

= J.x(t) de + jx(t)dt

0 0

; if x(t) is cven

s 1f x(t) 1s odd

af x(t) 15 even
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0
\ a ; x(t) 1§ EVER ]
(Y ‘ d
LN [ - x('—t) = x(t)

= RHS

a

(ii) To prove J‘x(t)dt =0

—a

- if x(t) is odd,

a
LHS = fx(t)dt
—a
0 a
- fx(t)dt+ Ix(t)dt
-a 0
-a a L

= _0 J' x(t)dt +0 I x(t)dt

Put t=—t in the first term, [dt=— dt]

a

|
= I x(-t)dt + J‘ x(t)dt
0 0
d a

=- J-x(t)dt + Jx(t)dt | [ " x(t) is odd ]

0 0 " x(=t) =—x(t)

= RHS
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Example 1.27 Show that if x(n) is an odd signal then

o0

Z x(n) =0

n=-o

Solution : A discrete-time sequence x(n) is said to be odd signal

a0
LHS = D" x(n)

n=-o0

- E x(n) +x(}7f Z x(n)

n=-o

if x(-n) =

-x(n).

- Z x(-n) + x(yf +Z x(n)

n=1

= x(0) +Z {x(n) + x(—n)} -
n=1

For odd signal x(0) = 0 & x(-n) = -x(n).
Substituting these in eqn. P1.27.1 we get,
Z x(n) =0+ Z {x(n) x(n)}
n=-00

=0

Hence the proof.

Eximple 1.28 Show that if x;(n) is an odd signal and x,(n) is an even signal, then
x,(n) x,(n) is an odd signal.
Solution :

Consider y(n) = x(n) . x5(n) e ¥ 4
% ot X e bk PRy JMERERCTE ST s P1.282
“ y(-n) = xy(-n) . x(-n) it

Given : x,(n) is odd. Sx(m)=-xn) e l;1.28.4
& x,(n)iseven. .. xy(-n) = x,(n) v H1LG

Substituting eqn. P1.28.3 & P1.28.4 in eqn. P1.28.2, we get
y(-n) = -x,(n) . x5(n) = -y(n)
ie, y(-n) = -y(n)
1c., y(n) satisfics the condition of odd s:gnal
~oy(n) = x,(n) x,(n) is an odd signal.
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: . ignal with even and odd parts denoted by X¢(n) ang mtroduc

| L ¢ x(n) bean arbitrary Sllg ;
g ' Show that. ‘
Examplcf x,(M) rCSpcctlvcaloy. 1 i | :

3 2(n) + x,°(n)
i) = x(n)
2 'Z_"fw 20
k& n=- |
Sw — .\2 ) ) apc
n
oution: LHS = 2: ( E
e n=-m -
Q0
= Z {xc(n) + xn(n)}2

n=-o

- ﬁ {x2m) + x,2(n) + 2x(m)  xo(n) }

n=-o
o0 0 e o]
2> )+ 3 w0 + 2D ) k() P1.29]
n=-w n=-w n=-w

In eqn. P1.29.1, the last term contains the product of even and odd signal
respectively. In example 1.28 we proved that it results in an odd signal. By applying the
equation proved in example 1.27, this term is equal to zero.

Z x’(n) = ZOO x2(n) + 2'0 x,2(n)

n=-o0 n=-w n=-o

Hence the proof.

1.6.3 Periodic and Non-periodic signals

A continuous-time s; :
nous-time signal x(t) is said to be periodic if it satisfies the condition

x(t) = X(t"'T) ; for a" lt’

where ‘T’ is 2 positive constane, o
If the condition in e is sati
qn. 1,54 -

T=nT, where n=1,2,3,. ' satufied or T=T,, then it 1s also satisfied for any

The smallest value of *T* ¢y i

. at satisfies eqn. 1.54 ;

x(t). This fundamental period is the ¢ an. 1.54 is called the fund jod of
cycle. The reciprocal of the fun ol e by the si e o

1 gnal x(t) to complete its o gp
own as the fundamental Sfrequend

ar

of the signal. damental period T js

Fundamental fi =1
ental tfrequency =T (Hertz)



8 Systemy ‘ TR e

i
L 2N
y x‘.(n) and Introduction
¥
l N - - ‘l
The tundament;] angular frequency ‘o) i« o i :
Y 018 giveyy by |
.9
W = 2nf = T
— (r.ad/s(-(-)
Any contn i
1y continuous-time signy| X(0) which does i '
or aperiodic signal. oS ot satisfy qn. 1,54 |
‘ I s called non-periodic i
1 Examples for periodic angd non-

’ x(t)
s
| 4 3 2 4 o T oy
P1.29.1 & ‘
i ¥ Fig. 1.30 A continuous-time periodic signal with the fundamental period T=2
d signal i
ying the s
!
. . .
=1 0 1
! g
Fig. 1.31 A continuous-time non-periodic signal
Similarly, a discrete-time signal x(n) is said to be periodic if it sausties the condition,
x(n) = x(n+N) ;forall '’ S Y SE)
.54) where N is a positive integer. The smallest value of N which satisfies eqn. 1.55 is
called the fundamental period of the signal x(n).
The fundamental angular frequency of x(n) is given by,
or an
1 Q= %IE ) (radians)
iod of Any discrete-time signal JE(.n) which doesnot satisty eqn. 1.55 is called m—p\t‘mﬁtor
s one

aperiodic signal.

Examples for periodic and non-periodic discrete-time signal is shown Fig. 1.32

and Fig. 1.33 respectively.
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Intro

n

ALY

periodic signal with fundamental period N= 6

Fig. 1.32 A discrete-time

x(n)
1

] IO'STo.zs

e I T I O O R

Fig. 1.33 A discrete-time non-periodic signal

EXAMP]CS  mmmm—— e —

Example 1.30 Dectermine whether the continuous time signal x(t) = [cos(2mt) ]2 is periodic
or not. If periodic, find the fundamental period T.

]

Solution: Given : x(t) = [cos(21tt)]2

-
= [1+cos 4mt]

1.1
x(t) =—+—cos 4n
) =g tyoosdm
In the above expression for x(
second term is a cosine signal with
have , = 4r.

t), the first term is constant

_ ! (i.e., average value). The
maximum amplitude of %

- Comparing with cos o,t, we

The signal Cos,t is periodic with period T = 2n

m()
o N ~d5 ,
We have o2 Wieo oyt o = P1.30.1
°T

Comparing P1.30.1 and P1.30.2 we have

Fundamentg] Period T=0.5 gec

Verification + = x(t+T) = x(t)
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x(t+0.5) = [cos(2m(t+ 0.5))

wki g d
v ~ 2 T geos dn(e+0.5)

12 .
Using  cos (A+B) = cosp cosB - sinA. sinB

o _ 1 | ()
S x(t+0.5) —i-(l+cos4m. c(}ffn-— sindnt sin )

=%(1 +cos 4nt)
= [cos(2m)]? = ()

= %(t+0.5) = x(t). Therefore x(t) is periodic with fundamental period T=0,5 sec

- 2 ‘P
Example 1.31 Determine whether the signal x(t) = Z ¥(t-2k) for y(t) shown in
k=2
Fig. P1.31 s periodic or not. If periodic, find its fi‘mdamcmal period.

/Y(t)
-1 0 1 y
Fig. P1.31
Solution :
x()
— —— ¥
7 6 5 -4 -32-1012 3 4 5 67
Fig. P1.31.1
2 2
The signal x(t) = Z y(t-2k) = y(t+2) + y(t+1) + y(t) + y(t-1) + y(+-2)
k=-2

The signal x(t) is plotted in Fig. P1.31.1,
Here the cycle repeats only between t = -5 and t = 5. For t.he signal tr_.)b? periodic, the
cycle must repeat between t = -0 and t = . ", the given x(t) is non-periodic.

w .
Note : The signal x(t) = Z y(t-2k) is periodic with fundamental period T=2 sec.
k=-o0
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™ 4 ( ) = 2cOSs (3t+%) Intr
= riodicity of x(t & . al angulm‘ T
Example 1.32 Check [F e rl(/\ cos (@tt ) we have fundamen o
jon : ring with ~() =
\ Solution : (,olnf - (rad/sLC)-

\. ALY = ) 3
\\-.\/Y K f"__zﬂ

: o] w28 gec _

F ndamental period T "3 R

gnal x(t) = e ™
¢ with fundament] S

for pcriodicity of the si

mple 1.33 Check
A complex cxponential signal x(t) _
od T = 20, Itis c:qnlnincd in section 1.3

b P periodi
Solution & Note :

per
Given : x(t) = o™ .
Comparing this signal with 2 complex exponential signal x(t) = o', we have,
W, =T rad/sec.
2
2t _ 2% = 2sec.

— e — —

. Fundamental period T
v, =T

anal x(t) = X, (6) +2:(1) +x3(0) 1s periodic
sof &3, 1.26 and \2 scc. respectively,

periodic. But the summation of

nine whether the continuous-timne si

Example 1.34 Deten
(1), x,(t) and x3(t) have period

where x;

Solution : In the given example, x,(t), x,(t) and x5(t) are
these periodic signals is not necessarily periodic.

Note : The following steps can be used to determine the period of the summation of N

periodic signals x;(t), X5(t) ... xm(t).
1. St:;ainf th':j ratio T/ T; a.nd convert it into a ratio of integers (rational), where T
e fundamental period of x,(t) and T, is the fundamental peri;)d of v(t;
|

where 2<i<M.
j ;t{ ;}sss;;r;vi;s;ﬁnﬁ:dnot possible, then the sum signal is not. periodic.
> L e ) e
e find e ‘Isommon multiple (l.c.m) of the denominators of the resulting
-5. Then the period of the sum signal is given by T=
Given @ x(t) = x,(t) + x(t) + x;(t) il :
Pcr-iod ofxi(ty; T,= 8/3 sec. .,.
Period of x5(t) : T, = 1.26 sec
Period of xs(t) : Ty = V2 sec. |
T, _83_ 8 _ 800 _ 400

Step1: -
T, 126 378 378 1gg _ tional




{ntroduction

cquency

Step 2 : Therefore x(t) = x,(t) Fx2() +x4(t) is

T,_83_8
T, =2 “5\3 = "ot rational

Ti/T, cannot be brought to the form of

ratio Ofinugcrs-
ot periodic.

Step 2 :

Step 3 :

Step 4 :

Example 1.35 Repeat example 1.34 for ¢

Step 1:

Step 5 : Period of the sum signal y(t) 1s, [

1¢ signal y(t) = ’
¥2(t) and y3(t) have periods of ﬁos' Y:i(g anz.(g*-y:(t)ﬂm(t) where y,(1),

| 5 sec. respectively.
Given: y(6) = yi() +y,(t) +y,(t)

Period of y,(t) 1 T,=1.08 sec.

Period of y,(t) : T,=3.6 scc.

Period of yy(t) T3=2.025 sec.

T,_108 =108_3 = rational

T, 36 360 10

=08 10008 rational
Ty 2025 2025 15

The ratio T1/ T, is converted into ratio of integers i.c., they are rational.
Thercfore y(t) is periodic.

T, BT, 5

gcdof(3,8) =1

g.c.d of (10, 15) = 5 a- <. 3
o

LTy 2 301) o Ty 2 B() boe 2D
T YT T30

rr A

Fa

e
(X

L.C.M. of the denominators teot o] 3.2 €

ie,lemof(2),(3),(5) =30=1 20

T=T,.l = 1.08(30) = 32.4 sec.

: ] g
1 g inuous time signal x(t) = [sin(t-3)]" 18
Example 1.36 Determine whether the continuou

periodic. If periodic, find its fundamental period. -

Solution: Given: x(t) = [sin(t--g)]2

g
- x(t) = -’5 [1 - cos 2(-3)) [ 5in® = (1 - cos26)]

() = 5-lcos (2t-3)]
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~~ S it

~y _1 %(cos2t cosg—f it sin-g-) [ cos(/\-B) =cosA.cosB + sinA,S;nB] Introd
| i = -12'—%' . c6;2t —ﬁ . sin2t

I @ x(t) = % -:}- cos 2t - l?sin 2t

| ~T= 2”/(,3“ = 4N/3 = T SEC:

36 forx(t) = (cos 2nt) u(t)

Example 1.37 Repeat example 1
x(t) = (cos 2nt) u(t)

a periodic signal with
) = (cos 2mt) u(t) is NO
Itiplied by u(t) (1.¢
> 0. The differcnc
g P1.37.2 below. -

fundamental period T = 2y
n-periodic because it appears Exq
anit step function), the
o between cos2mt an(

Solution : Given :
Even though cos 27t is

= 21y, = 1 sec, the signal x(t

If any signal is mu
y for t
p1.37.1 and Fi

only for t 2 0.
resultant signal appears onl
(cos2mt)u(t) is shown in Fig.

cos(2mt)

i N N .
/ '1. -3 -1./2 -V 0 1 1'/2 3% 1' t -
-1 Ex

Fig. P1.37.1

—

cos(2mt)u(t)

0 %W:% .i \// :

Fig. P1.37.2

—

A signal is periodi
periodic, if the £
cyclé repeats along the entire time axi
caxis. [ie
£.,-0 <t <o

7 %(t) = (cos2mt) u(t) is non-periodic

l{‘l) I. l f | g n ‘.l 1S ()(l
e lﬂdl » lnd h(\ ' 18! \( ) ( ; )“ . per- .
( t 1 1C.

) f
Solution:  Given - x(n) = (-1)" undamental period.

e, xn)=1 .= even
=-1 :n=
. Lk odd
1e signal x(n) is plotted in Fig. P1.38
. . P1.38.1.
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e ‘—‘271'._1.

S
2 Fundamental period N, =5
Similarly, fundameng,) period of cog (@) =

 — = —

Nz 5 rationa|
x(n) is periodic.

N, 5

N, 71y gc.d of denominager
' of the denominatoy is =7

ik ehaves in a fixed known way with respect to time. It can be ‘
unction of_' time ‘¢’ (ic., continuous-time signal) or 4 function of 2 sample
e., discrete time signal).

deterministic signal mathem

: atically, the ran
wise 1t valids for 3]l values o

ge of values for ‘t or ‘n’ must be
£ or'n’,

1dom signal

s arc the noise generated in the
> receiver, the ECG signal ctc.

1 Power Signals

I energy and signal power describe signal ch

- energy and power because the cnergy or p

ion of the component and the signal that
1ge).

aractenistics. They are not
ower absorbed by a system
passes through (current) or

m, a signal may be in the form of voltage or current. Consider a

saresistor resulting in a currenti(t). Then the instantancous power

p() =28 = Ri%g

ended over the time interval t; <t < t, is given by,
t

. , t,
= J‘U“Zn(_t) dt = IR.iQ(t) dt

t t]



Fig. P1.38

By observation, it js periodic with fundamental period N=2

ample 1.39 Repeat example 1.38 for the signal x(n) shown in Fig. P1.39.
x(n)

UL T

1 0 1 4 8 — -

Fig. P1.39

Solution : By observation, the given x(n) is periodic with fundamental period N=10

xample 1.40  Determine whether the discrete-time signal z(n) is periodic, where

z(n) = z;(n) + z,(n) where zy(n) and z,(n) are periodic with period of
90 and 54 respectively.

olution:  (Note : The period of discrete-time signal is integer. To determine the period
of the summation of M discrete-time periodic signals follow the steps given in

example 1.34)

Given : z(n) = z,(n) + z,(n)
Period of z,(n) : N,=90
Period of z,(n) : N,=54

Step 1:
Nys e s rational
N, 54 3
Step 2 :
.. z(n) 1s periodic
Step 3 :
N3

N, 3(1)— gc.d of denominatcr.

Step 4: L.C.M. of the denominatoris ‘I’ =3

Step 5 : Fundamental period N = Nj. I =90(3) =270
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0 for the disc!
sample 1 39 o

sin (-' nn)

Introduct

S ’C - gy 5" —-TTI[)
0 1 % \(n) CO! ( n”) . mn (

| "’l’o".‘ ('“( n..: 5 1/

(Sln A coS I} s " /\"‘ +

2n
L in =—n
-~ ¥n) = %{sm -1-5-11 + si T }

by i 8n
Angular frequency of sin -l-gn =& =15
8n i =21 m |
&= N, Exampl
m= 4 & N] 15 ’ So"‘io'
Fundamental period N; = 15. ‘
, B i
Similarly, fundamental period of sin ét n is N,=15 j.
Ny _15_1
N 451
l.c.m. of the denominator [ =1
" Period of x(n) N = N,
=15(1) =15

Example 1.42  Check whether the followin

g signals arc periodic or not, If periodic, fi
the fundamenta] period.

_ Sol; _tio
(1) x;(n) = cos 2mn (1) x,(n) = cos 21y
Solution : Remember thye the
signal co Q ) )
integorn) Sty ofzi] s 82,0 1s periodje only if Q, is rational (ratio¢
LC.,, =2p. .10 re ‘my’ ‘N’ '
Q. =2q. 3 :Vh:.jrc m"and ‘N’ are integers and the
‘..‘ ) | undamenty| period ig
Given: (3) x(n) = cos 2nn b E""
. . mp
Comparmg with cog Qon we have
Q =21 = 2 l
1 Solutio



. cos 2mn is periodic wi
; periodic with fundamental period N
(1)  x3(n) = cos2n -
Comparing with cos Q n we have
Q, =2
Here
2 cannot be expressed as rational multiple of 2n

e, 2 .n
#2n N

.. x3(n) = cos2n is non-periodic.

Example 1.43 Repeat example 1.39 for the discrete-time signal x(n)=cos (ﬁ‘ + 2)
7
Solytion:  Given : x(n)=cos %‘- + 2)
Comparing with x(n) = cos(Qn + ¢)
Angular frequency : Q2 = 81 _ on A_o,m
gu q ¥ - 7 N
m=4 & N=7 & ¢=2

. Fundamental period N=7.

Example 1.44 Determine whether the following signal is periodic or not.

x(n) = (cos —;;fm) (sin 2n)

Sol: tion: Here 2 signals are multiplied.
is periodic with period N = 6. But the second slgnal
(sin 2n) is non-periodic because 2 cannot be expressed mn terms of m\.oml
multiple of 21 Multiplying any periodic signal with non—»pt‘nodnc sagnal
results in non-periodic signal. Therefore the given signal x(n)1s non-periodic.

First signal (cos %nn)

‘ . . " " - ! ‘fnd
Example 1.45 Determine whether the following signal is periodic or not. I periodic,
its fundamental period. |
x(t) = v(t) and v(-t) where v(t) = sin(t) u(t)
are shown in Fig 1.45 (a) & (b) respectively.

Solution: The plots of v(t) and v(-t)
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Fig. P1.45.1.

AWAWA

Fig. P1.45

x(t)=v(t) +(-t)

- .

e

By obscrvation, x(t) is Non-periodje.

Example 1.46 Fing the periodicity of the signal

X(n) = cos (%’59) + cos(é;l_“)
Solutioy : Given - x(n) = Cos(-zsirﬂ) &% COS(%EE)

Angular frequency of cos 2N

?.’Ql:

4

2n
5

Fig. P1.45.1

By adding signals shown in Fig. P1.45 (a) & (b), we get the signal x(t) shown;
y 4 o

Intro

mo
nur

spe

valt
valy

req
am|

acty
cor
exi:

vol
p(t



Q, =2p.1
5

. Fundamental period N, =
y =

5
Similarly, fundamenta] period Ufcns(lznn) _ ‘
N 7 - N3 ot | .
. = )
: N; ‘7= rational _'
.. x(n) 1s periodic,
N o S t"
N, _
2 /(1) - g.c.d ofdcnominator ! r"—f,_
| [.c.m of the denominator is 1=7 k
(b)‘ .. Fundamental period N = N, -I= 5(7) = 35 i

1.6.4 Deterministic and Random Signals

A deterministic signal behaves in a fixed kn
modelled as a function of time ‘¢’ (i.e.. conting
number ‘n’ (i.c., discrete time signal).

own way with respect to time. It can be
Ous-time signal) or a function of 2 sample

To model deterministic signal mathematically, the range of values for ‘€ or ‘n’ must be
specified, otherwise it valids for all values of t’ or ‘11",

A random signal takes on one of several possible values at each time for which a signal
value is defined. That is, it is a signal about which there is uncertainty with respect s
value at any tume. The existence of a random signals in a system is a random process which
requires probabilistic models. Examples of random signals are the noise generated in the
amplificr of a radio recciver, the ECG signal ctc.

1.6.5 Energy and Power Signals

The term signal energy and signal power describe signal characteristics. They are not
actually measures of energy and power because the cnergy or power absorbed by a system
component is a function of the component and the signal that passes through (current) or
existing across it (voltage).

In clectrical system, a signal may be in the form of voltage or current. Consider a
voltage v(t) exists across a resistor resulting in a current i(t). Then the instantancous power
p(t) 1s given by

2 1.56)
OAt) _n il T T s (1.
p(9 =20 = Ri%(9

g is given b
The total energy expended over the time interval t; St <ty 1s given by,

t2 tz t?.

fp(t) dt = I_U_pf_t) dt = IR.iz(t) dt

ty %] ty
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caterval
mec nte
. ower over the t
md the average P tzl
2 V)
\‘\ — t [ er a
\ . ! y rested 11 finding poW
~ ; ny systeims we arc mti T Signal) o
peral, in ma yste e .
In -gc(nitc time interval [|.e.,f. - Sigml o
Tl ofa continuous tm
The total encrgy .
Lt fxz(t) de
E = T—0 .
-
o0
= Jx"(t) dt
-c0

If x(t) is complex then,

T/
E= Lt flx(t)|2dt

T
-T/z

E,' - J |x(t) |2 de

The average power of a continuous-time signal x(t) is given by,

T.,

T T
-

is given by,

TZ
= 1 2 d
T J{F(t) t
ny; |

Similarly, the total energy of a discrete time signal

N
‘ — Lt ,
| E= L 20 )
n=_N

®
E= Z |x(n)|2

n=-a

signals & Systems

nd energy in signals

< +oo (DT signal)].

But for some signal eqn. 1.57 might not converge. Such signals have infimte energy

The average power of a periodic continuous-time signal x(t) of fundamental period T

x(n) is given by,

Introdu

given

the c

the ¢

Sol
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But for some signal cqn. 1.60 might not converge. Such signal have infi
2 mit
The average power of a discrete-time sequence x(n) is given by, ¢ energy.
L N
= Lt 1 2
N—sow 2N+1 n_le"("” ..... (1.61)

The average power of a periodic discrete-tinie si

ven by, gnal x(n) of fundamental period N s
gl C 8

N-1
=1 X
p - Z o (1.62)
n=0 !4
" " N
The signal is referred to as an eneryy signal if the total energy E of the signal satisfies .
the condition, ; \
0 <E<w [ic., Emustbe finite] ‘

whereas it is referred to as a power signal if the average power P of the signal satisfies
the condition,

0<P<o [ie, Pmustbe finite]
Examples for power signals are,

(1) All periodic signals

(i1) Random signals.

All signals which are both deterministic and non-periodic are examples for energy
signals.
lxamplcs /

in Fig. P1.47.
Example 1.47 Whatis the total energy of the rectangular pulse shown in Fig 5 V

» 3\
x(t) ‘t\x 0 L
b t”

_ 3 .’i,"\
\ ' A
0 W) ‘b%

t Alt (M!
AR il i
-5 ) : \
Fig. P1.47 \’1 ) A D
T T ", 5 & L
Solution :  We have x(t) = A : —5< : <—2- Q' é’ | J
=0 . elsewhere = .
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1.57),
by (from €9 ri. 3 »
is grven
. sipmal 15 8
i mmrs-mm sig
contif
' qerggy of A ¢
The total energ)
| 3 2 dt -‘
" E = ﬁ\(t” 1 < T we can Write,
% b st § ?SW
\\‘ \ \\ , =00 " ,_“ thc I"JHgL 2
"

.ro valu
=ZCro
1s non
(t) ha

T 2
E = ﬁ\‘([) [*dt

Since the x

-T/2
T/2
= J‘,A’ 2 dt
-T/2
+T/2
e Exan
-T2
- P1.48
in Fig. P1.48.
8 What is the average power of the square wave shownl g
Example 1.4, 12
x(t)
t
" T N o o Solut

Fig. P1.48
Solution -

In a periodic continuouy

*qual
s-time signal average power is defined for one cycle. The
period of the given signal is T, Mathematically defining x(t) for one cycle,
j x(t) = 1 ,for0<t<'/7

= -1

“- From eqn, 1.59, the AVerage power ig given by,

Y
p:% f 2(t) de

P — e
T/

xan
Integration, must be carried out for gpe complete
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7).

~ Example 1.49

Fig. P1.49

Solution : From cqn. 1.60, we have the total energy of the discrete-time signal is given by,

E= " |xn)|?

n=-c0
In the given x(n), only forn = -1,0 & +1 the signal has non-zero value and its value

cqualto 1.
1
~E= Z [x(n)|? ~§

n=-1
= |x(-1) |7 + |%(0)]* + |%(1)]?
=12+ 12 + 12
=3

The

xample 1.50 What is the average power of the periodic discrete-time sigﬁ shown in
Fig. P1.50. .

L4

: -
M
> s
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1 Examp
A\ \\\/
”3-. i n) is PCriodicq with Reriod .N=8' Fro'l
. The given discrete-time Slg”alo?( a periodic discrete-time signal *(n)
Solution : n. 1.62, the average power b
;:naamental period N is given by,
N-1
_1 x%(n)
P=5 Z
n=0 Soluti
7
1
1> P
n=0 _
- %{xZ(O) +7(1) + 52(2) + ... +5%(7)}
- %{12+12+12+ ......... +12)
=1 -
Example 1.51 What is the average power of the triangular wave shown in Fig. P1.51.
x(t)
N
D O S AN
- . i 0.6
1 \/
Fig. P1.51
Solution : [ 1S a periodic sjop |
gnal with perjod T=02 From eqn. 1.59 we berses
Vo)
Average power p -—.; fx-’(r) dt
-T2
Integration Mmust b
€ carried oyt £, Exan
We have (0= 2004 one complete cycle,
= -20t+3 | PO
“ . ill<pegy
0.1
P (f(ZO 02
= 2
0 “1)*de+ [,
2 d (-20t+3)2 dt) 21 2
0.1 3



signals & Systen.

Introduction

| .,
mr

eriod N=8. Frg
me signal x(n)

yple 1.52  For the tr ]
ol € trapezoida)| pulse x(t) shown Fig. P15 d
192, hind the o) energy,

x(t)

Fig. P1.59

Solution: From the Fig. P1.52 we have,

x(t) = 5-t ;4<t<s
=1 ;-4<t<4
= t+5 (=5<dre.d
=0 ; otherwise

From eqn. 1.57 we have,
o0

E= I [%(t) |2 de

=00

But the signal has non-zero value only in the range -5<t<5

~E= lex(t)lzdt

-5
4 4 5
- I(t+5)2dt+ Idl:-i- J‘(S—t)z dt =26
-5 4 4 .

Example 1.53 The raised-cosine pulse x(t) shown in Fig. P1.53 is given by,

- T
x(1) =2l[cos(mt)+ ) Tt
=0 ; otherwise

Find the total energy of x(t).
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Solution : From eqn. 1.57 we have,

©
Energy E= f[x(r)lzdt

-00

The given signal x(t) appears only in the range T Kl
®

o

Fig. P1.53

u7ol
2 B = [[{lieos @i+11} |
-/

o

1
= f(cosza)t + 1+ 2cos wt) de

-/

glat

(O]
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\ T72
Average Power p =-,]F leét) dt
=T/
T2

=Ti I A’ cos? (@t+¢) de
~T/2

T2

A
- I (I cos2 coszar . gingg ;. 2) de
=T/2

= A*
2

Example 1.55 The angular frequency Q of the sinus
satisfies the condition of periodicity. D

Solution :  The given signal x(n)
eqn. 1.62, the average

oidal signa] x(n) =
etermine t
is periodic with fundamen

tal period N = 22/ 3. From
Power is given by,

N-1

P =l D> 2m o
N n=0
N-1

=1 A? cos® (Qn+¢)
v n=0
N-1

p . cos2(27m+¢)
N n=0

Ing si ' 3 find
Example 1.56 Check whether the following signal x(t) is energy or power signal and
the corresponding value.

t ;0<t<1
x(t)={2~t :1st€2
0 ; otherwise.

Solution :  From eqn. 1.57,

E = TIX(t)’zdt
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>, G % ()50 Lb
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gnals & Sy
| 2 - Introductic
)P dt
0
—2cw
3 ; rgy ngnal'
the following signal x(n) is cNETEY OT POWET Signa] g g fing
Example 1.57 Check whcthf; e,
the corresponding
n ;050 £5
*(n) = { 100 ;5<n<10
0 - othchlse
Solution:  From cqn. 1.60,
o]
E = 20 %)
n= -0
5 10 :
=Zn2+z (10-n)? : i
n=0 n=6 ' "
= [0+12422+ 324 424 52 d |
; 111067+ (10-7)2+(10-8)2+ (10.93 )
= (1+4+9+16+25) + (16+9+4+1) .
=8<w0 - x(n) is cnergy signal. :
Example 1.58 Check whether the fo”owing ar
corrcspondjng value, e S signals ? Also find t
(i) x|(n) = co
s(mtn
<5 (mn) ;~4<n<yq
) (ii) X(n) = cos(mn) L tetwize
\\ _ yn2(
Solutioy .
N olution ; ;) Given : » Otherwige
- X(n) = Cosm
| - »~N<n<
Thﬁ‘ 8iven Signal js p, ; ot} ‘ )
signal On-perigg; \ » Otherwige

Xi1st bctwe
th4<
'S 4. Therefore it is enef Example



Nal ang ?

Ry
3

o
Ve
:

?‘,
2

Y
¢

(10.9§

i
¢

—1\2n
n=_4
Putm=n+4 :

8

El = Z (_1)2(:::4)

m=()

8
= (.._])‘8 Z (__1)'_’|||

m=()

8
N-1
=1 > ['.'Z]=N]
m=() n=()
=9
(1) Given : X,(n) =-cos(nn)

The given signal x5(n) 1 '
finite. Therefore it is
samples. .. N=2,

Power P=

' in Fig. P1.59 is applied to a differentiator
xample 1.59 The trapezoidal pulsc x(t) shown in Fig is app

defined by, ;
y(t) =,"_-CEX(t)

AN
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0
Fig. P1.59

5 -4

tp )‘ 1 - atO .

(i) Find the total energy of y(t).

. So
Solution: The signal x(t) 1 given by, |

5.t :4<t<5

1 -4<t<4
x(t) = )

t+5 ;-5<t<-4

0 : otherwise.

el :4<t<5
0 ; otherwise.,

The plot of y(t) is shown in Fig. P1.59.1

y(t)
/_] ............................. 1

. .
.. From €qn. 1,57 we haye 13. P1.59. 1

o8]
Encrgy | = f}x(c)lz i

; 5 rallge__5< -3
e t<.
f]zdt-#f(_])zdt e it .

.
B¢
|



Example 1.60 A rectangular pulse x(t) is defined by,

_th{A ;0se<T
He = 0 ;otherwise

is applied to an integrator defined by,
t

y(t) = J‘x(t) dr

Find the total energy of the output y(t).

Solution :  The signal x(t) is drawn in Fig. P1.60.1.
x(t)

0 T

Fig. P1.60.1

)
We have y(t) = | x(t) dt

-00

&

0
= At

.. From eqn. 1.57 we have,
=
Energy = ||y(t)|*dt
-0
e
= |A%E. dt

0.
AT
3

= |Adz sfor 0<t<T

Example 1.61 Compute the energy of the length - N sequence.

x(n) = cos( N

2“““) .0<n<N-1
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. Introc
S faer i : wWe have ao 2
olution g Z "\-(n) ’ 4 Solu
Ay \ ’ .
‘ N-1 2nkn)
_ cOSs (FT\T_
e
N-1 3 s(41’tkn))
=}— (1 COs N
2 n=0
N-1
=1(N X COS(47;\Jkn)) ..... (P] 6] 1)
2 n=0
-p — 4mkn
& _ . T
Let A= c05(4I1i1 ]) .25 Z Sm( N )
o n=0
N_1 ) LA N-1 4nkn ; IMkn
A= eI + e 3N and BzZeJRT'*e‘JT;
n=0 . =0 2J
N-1
A+jB= D> i
n=0
A N-1
:'...'-1—CJ*;"'k n—l—aN ;
z— J% ; a = 1 ,Q:tl
e n=0 =y
A+jB =) - =

( eldtk 1)
“A=0 and B=y
- From eqn. P1.61 1 we get,
E = I_\I.
2
S —
"pie 1.62 Determine the AVerage power and ¢, )
; ¢ ene 1
e T rgy of the followmg séquen
(i1) X,(n) = nu(n)

(i1i) X3(n) = A e 9on

ces.




tn: x,(n) = u(n)‘

Encergy E = le,(n)l2 ZI =

n=()

Average Power P =

N*T2N+1§:|Mmﬂ

ll=-N
_ Lt
N 2N+4 :E%lz
n=
=Lt S
N—owx 2N+1 ( +1)
dy
2
(i) Given @ x5(n) = nu(n)
= 0
E=D [w)|?=> nt=o
n=-ow =0
Average Power P = Lt 1 Z lxa(n)|z
N—w 2N+1 2
n=-N
L 1 -
N—o 2N+1 Z“
n=0
=
(lll) Given : xj(n) — A“CJQ“"
) o0
Encrgy  E= D Jy(m)[*= 2 [Ae#f
n=-oo n=-—o0
75
a d 120n
_An :::IC I I.'.|c_|¢l=1]

n=-uw

o0
24 ‘] :w
4] Z

n:.—OO
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76 | x3(n ' Solution : T
_ Lt E’-\T_T-F]- ”=-N
Powcr J L
Averagc N ’A(¢Jn“"’2
1 E Y
4 ‘;Ef-»w N+ N .
; e =1)
R o N ) [
L LS Al”
=N_>w 2N+I H=_N
Le  2N+1 a2
. Noow 2N+
=A2
OPERATIONS
TEMS VIEWED AS INTERCONNECTION o: i
1.7 SYSTEN S TESRREEE S o[operationslthat trar:isr;; different from thar 1o
A system 1s an 1 - t signals are en
oufputsi;hal. The properties of these outpu H e

input signal. Examp'e 1.

== y y ‘ ’ 1 t Sl
nsiae i l ’

y =H{xw}
The block diagram representation of eqn. 1.63 js shown in Fig. 1.34, .

x(t) y(t)

Fig. 1.34
Similarly, the block diagram Tepresentation for 4 discretc-

¥(n) = H{x(n))

time systey

15 as shown jp, Fig. 1.35 below
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Solution : The block diagram representation is shown iy Fig. P1.63 1
. 02,1,

l‘(ll) o s ,\-(H-I) T x(n-2)
b
S = The operator which
1'/ delays the signal by
/3 one unit.
y(n)
Fig. P1.63.1
where H

= § is the shift operator.

H =%(1+S+SZ)

Example 1.64 Find the overall operator of a system whose output signal y(n) is given by,
) =3i [x(n+ 1) + x(n) + x(n-1)
Also draw the block diagram representation.

Solution : The block diagram representation is shown in Fig. P1.64.1

.
¥ 7\ 1
x(n) S i )Z = y(n)
%
x(n+1
i)
Fig. P1.64.1

" H= ;—(s-‘+1+5)

Example 1.65 A system consists of scveral subsystems connected as shown in Fig, P1.65.
Find the operator H relating x(t) to y(t) for the subsystem operators
given by,

Hy:y(t) = x(t) x,(t-1)
Hj 1 ys(t) = [x5(t)|



Is & Sys

Introduction

Solution : The block diagram representation is shown in Fig. P1.63 1

x(n) s x(n-1) T x(n-2)
b ¥
S —» The operator which
f/ delays the signal by
,3 one unit,
y(n)
Fig. P1.63.1

where H = S s the shift operator.

H =%(1+s+sz)

Example 1.64 Find the overall operator of 2 system whose output signal y(n) is given by,
y(n) :%[x(n+l) + x(n) + x(n-1)
Also draw the block diagram representation.

Solution : The block diagram representation is shown in Fig. P1.64.1

x(n) S |

x(n+1)

g

Fig. P1.64.1

~H= 1E(S"+1+S)

given by,
HI 3 YI(t) = xl(t) xl(t"‘I)
Hy 1 y,(t) = |xy(t) |

Example 1.65 A system consists of scveral subsystems connected as shown in Fig, P1.65.
Find the operator H relating x(t) to y(t) for the subsystem operators
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Hy iyt = 1 +2x,(t)
Hy:ylt) = cos(x, (1)

2 Introduction

Alternag
X, (t) y.(t)

then the
4o
y(t)
| -\‘(t) s— { / » Similar!
i 0 g (0 () T ya(t)
then th
Fig. P1.65 e
Solution ; From Fig. P1.65 we get, | (ii) Time Iy
- : A time
y(©) = {yi (1) + y2(t)} - yi(t) .
‘ /Ii;/ Soy(t) = {x (1) x,(¢-1) + [25(t) |} - cos(x,(t)) CSPL:I}?CO;IT;
’ = {xi(0) %(t-1) + [xo(t)] } - cos(ys(t)) | then the sy
| V() = () 2 (1) + [x(0)] } - cos(1+2x,(0))
then
We have  x(t) = x,(t) = xy(t) = (%) :
S Hry(t) = x(0) x(e-1) + |x(t)[ - cos(1+2x(t)) .
1.8 PROPERTIES OF SYSTEMS -
In this section, we will discuss different basic properties of continuous-t;
discretc-time systems. They arc,

(1) Lincari
()  Time Invariance
(1) Memory
(v) Ca usality
(v)  Stabj]; ty
(vi) lnvertibility
(7) Linearity ;

i(t) applied to
*(t) r

csults iy outpyt
) + %(1), the system j

a continuous-
Y2(t). Then ;¢

S said to bc

- ‘ } .
t;:ne SYStem regy e
the systerm on 8
M the sygee, gives oy
lincyr. "
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Alrernatively,

IORS Yi(1)

and  x,(t) —
t
then the system is linear if, "
ax(t) + bay(t) — ay(t) + by,(t)

Sumilarly,

xi(n) - yi(n)
and x,(n) - y,(n)
then the system is linear if

axy(n) + bx,(n) — ayi(n) + by,(n) o
(it) Time Invariance :

A “‘”t(' . y p b o

corresponding time shift ;
Specifically Sgppose t}:::t& n tl‘le output signal. The shift may be advane
i it = a co_ntmgous-time system gives output y(t) for ane_nof delay.
'€ to be time-invariant if the input x(t-t,) gives output th P“)‘ et
o -To)-

e, If  x(t) = y(t)
then the system is time-invariant if,
x(t-tn) =P Y(t_tn)
Simuilarly, a discrete-time system with,
x(n) = y(n) \ |
is said to be time-invariant if, ' \

x(n-n,) = y(n-n,) \

(iii) Memory :
: : : \
A continuous-time system is referred to as memorylessif the output y(t) at evcr§ value
of *t’ depends only on the input x(t) at the same value of ‘t’.
Similarly, a discrete-time system is referred to as me}lwryless if the output y(n) at
every value of ‘n” depends only on the input x(n) at the same value of ‘n’.

(iv) Causality :

A continuous-time systen1is causal if present value of output y(t) depends qnly on th.t
past and/or present value of the input x(t). Similarly, a discrete-time system 1s causal if
¢ value of output signal y(n) depends only on the past and/or present valug of the

presen
input signal x(n)- .
(v) Stability : . |

A system 15 said to be bounded input bounded output (BIBO) stable if and only if every

bounded input results 12 bounded output.
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v
- ves outpul)
(-()”5

(t) f()r inpl‘t x(t) Th{‘[
l!

. 1
. ) . W,ll( h ¥
, ider 4 continuons-time systeim 1101
 § 15 st ‘

. { Introc
1 ses the cone
able if the output y(t) satisfies ¢

. 3” i ]
I’(')!I" « T ‘ﬁ)r
y

! il x(t
Whenever the input w}""" (

< oD
x(t)| S Be < | )
. ¢ finite positive number

) satisfics the condition,
- forall’t’

are SOI
where B, and B3, are s0 u
Vhl Ic X y m is S('.l’,(-' " [h(‘ ()llt‘)llt y
e » 2

. for all ‘'n’

(n) satisfies the Conditign
S"'“'v"'l)a a discrete-time syst
|y(n)| s By <®

; . £ Ition
\ & s the condition,
whenever the input signal x(n) satisfie

|x(n)| S B, < VSRS
(vi) Invertibility : % .
A systemn is said to be invertible if the input of the system can be recovered ﬁ")fh-.
Syste S &

system output. Alternatively, a system is said to be invertible if distinct inpygs lead,
distinct outputs.

Consider a cascade connection of continuous-time systems shown in Fig 136

¥ & z(t)=x(t)
(0 System I 4% | System II [— 5
Fig. 1.36 =
. ) Exa;
In Fig. 1.36, the system [ gives the outpur y(t) for an input x(t). If the inpyt x(t) to g
s;ystf'm-l can be rccovcrcd_ from y(t) by connecting system-IJ in cascade with system-] (i
the output of system 7 js equal to the input to system-I) then System-I 1s said n
mvertible and the system-[ is called inpeyse system. ] Solu

Signals x](n) and x»,(n)-

)}, the System is lines
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H{ax|(n)+hx3(n)} = Ax(N-0g) + by (11, M
=3 H{x,(n)}+b I l{xz(n)}
-+ System is lincar
(1) Time-Invariance - If v(n- = { " )
o e i y(n-n,) Hix(n-n))} the SYStem is time invariant,

H{x(n)} = x(n-n,)
H{x(n-n )} = X(n-ng-n,)
& y(n-n,) = x((n-n,)- ny) = x(n-ny-n,)
“ y(n-n) = H{x(n-n )}
. System is time-invariant
(1) Memoryless : H{x(n)} = x(n-ny)
The system is not memoryless unless ny = 0

(iv) Causality : If ny > 0, the system causal. Otherwise it is not causal.

(v) Stability : Consider |x(n)| <B <
then |y(n)| = |x(n-ng)| <B, <

.. the system stable

Example 1.67 Repeat example 1.66 for the system,
T{x(n)} = g(n) x(n) | -
where ‘T’ is system operator.

Solution : _
(1) Linearity : T{x(n)} = g(n) x(n)

= T {ax;(n) + bx,(n)} = g(n) (ax,(n) + bx,(n))-
= ag(n) x;(n) + b g(n) x,(n) ‘ gm)

=aT{x,(n)} + b T{x,(n)}

-Th).
. System is lincar o (ANo) y yn )
& e SUER L))

(1) Time invariance :
T{x(n-n,} = g(n) x(n-n,) | yen ) > g(n}

Y(n-no) F g(n_—nu) x(n:no)
- y(n-n,) # T{x(n-n )}

.. Systemn is not time-invariant
(i) Momoryless : Since the value of the dutput depends only on the present value

of the input, the system is memoryless.



\“g_.z f

f (n) 15 b
The output 1 boundcd only 1t 8
coO
C 1.66 for,

pl
le 1.68 Repeatexam
Examp T {x(n)} = x(-n)

Solution : e
(i) Lincarity: T{x(n)} = x(-n)

. b } = EU"I('
. T{ax,(n) + bro(n) =aT {x(n)

+ bxy(-n) _
Y } i b T{xy(n)}

.. System is lincar

(i) Time invariance :
T{x(n-n,} = ¥(-n-N,)
Y(n'no) = x('(n*no)) = x(—l]+llo)

-, y(n-n,) # T{x(n-n,)}
. System is not time-invariant
(i) Memoryless : If n>b, the system is not memoryless.
(iv) Causal: We have T{x(n)} = x(-n)
Consider n=-5, then T{x(-5)} = x(5)

1y

£

“—5 thf[‘ lvaluc: of the output signal at n=-5 depends on the value of inpd
n=5. Therefore the output depends on the future values of the i

~- System is non-causa].
(v) Stability ; If |x(n) | < B, then

()] = |x(-n)| < B
*+ System is stable. )

Example 1.69 Repeat Cxample 1 66 for

T =
Solution : o)} = M) + u(n+ 1)
(i) Linearity . T x
: *1x(n)} <
" Tlax (n) + x(n) + u(n+1
T R} =y (n
T Nx(n ks u(n+1)



(if) Time-invariance ; . )
T{#(":“n) = x(n-n)) + yint l)\ ‘
y(h-n,) = X(n-n) +

o y(n-n) = T{.’\‘(n-lln)}
- System is not time-

(n"“n+ I )

INvariane

(v) Stability : If [x(n)| < B, then,
lym| = |x(n) + u(n+1)|

< |x(n)| + lu(n+1)]

<B, + lu(n+1)]|
We know that u(n+1) is bounded

<. System is stable.

is (1) Linear (11) Time
olution: Given: y(t) = ¢*®
Let  y(t) = T{x(t)} = 0

Lincarity : T{ax,(t)+bx,(t)} = =10+

= ™) o bo)

#a T{x(t)} + b T{xy(t)}

-invariant (iii) Memory (iv) Causal (v) Stable
(i)

.. System 1s non-linear.

(1) Time-invariance :
T{x(t-t,)} = ¢
and y(t-t,) = c ¥
y(t-t,) = T{x(t-t,)}
.. System 1s time-invariant
(iii) Mcmory : y(t) = ¢*©
The value of the output signal y(t) depends only on the present value of the
input signal x(t).
. the system is memoryless.
(iv) Causal : The output docsnot depend on the future values of the input.
Therefore the system is causal.



pends on only Present value op -

Japut dep "np,
“ liey ! Since the ¢
usalty = *
(v) G ausal m)| $B
e 21180 0

" iy s =
() Sab L n I _ g By 5 &2
.co(n) is bounded.

Example 1.68 Re T} = x(-n)

tion :
. w(i) Linearity : T{(n)

. T{ax,(n) + b (W)}

} = x(-n)
= ax;('") + bx‘-’(-")
=aT {x,;(n)} + b T{xy(n)}
.. System is lincar
(i) Time invariance :
T{x(n-n,} = x(-n-n,)
y(n-n,) = x(-(nin,)) = x(-n+n,) e
= y(n-n,) # T{x(n-n,)}
. System is not time-invariant
(iii) Memoryless : If n>0, the system is not memoryless,
(iv) Causal : We have T{x(n)} = x(-n)
COnsidcr n=-5 then T{x(-S)} = x(5)

" System is non-cays;|. S on the futyre values of the iy

(v) Stability : If lx(n)l SB

’ then,
y(n)| = |%(-n <
ystem is seape. N B,

~ | _
Ny Repeat Xample 1 66 for,

solllll'ou : T{x(n)} e x(n) +

(') Ll nca n'

Y: T{x(n

- Tany 4 bxz(n)); : :f") N

a., . #
tem g “Oﬂ-linea: T{x,(n)} tbT



u) Time-invariance -

Tixtn-n} = xn-n) + u(ns1)

Y(P-n) = x(n-n) + u(n-n
y(o-n,) = T{x(n-n )} W)
- S)'Stctn is m,dm‘iﬂ\nmn‘
@) Mcmoryless : The ou
e Mcrnoryless'

tput y(n) depends only on the present value of the i
of the input

@v) Causal: Since
o output doesnot depend on the future values of ; -
(v) Sablity: If | x(n)| < B, -t input, it is causal

ly(n)| = |x(n) + u(n+1)|

< [x(m)] + |u(n+1)|

<B, + |u(n+1)|
We know that u(n+1) is bounded ~

.. System is stable.

Example 1.70 Dectermine whether the system,

y() = e
is (1) Linear (ii) Time-invariant (iii) Memory (iv) Causal (v) Stable
Solution: Given: y(t) = ¢

Let y(t) = T{x(t)} =

(i) Lincarity : T{ax,(t)+bxy(t)} = e+
= c“l(‘) e hxp(t)

22 T{x,()} + b T{xy(0)}
. System 1s non-lincar.

(i) Time-invariance:
T{x(t-t,)} =¢ *e-ta)
and y(t-t,) = ¢ Xt
.oy(tt,) = T{x(t-t,)}
. System 15 time-invariant
Gii) Mcmory :y(t) = "

The valuc of the output signal y(t) depends only on the present value of the
input signal x(t)-

- the system is memoryless.

(iv) C isal : The output docsnot depend on the future values of the input.
v Ak . ;
Therefore the syste™ is causal.

e




Signals & Systen,.

) Stabsjjp, . .
S(&bl'lty.l,ct ’x(t”SB

thcn ,y(t” - ’C_,.(,)I Introdc

. <B
1

T y Ye.
€, af Input bounded, the output is also bounded. Therefore system is Stablg
Example 1.7, |

—
Repeat €Xample 1.70 for

Solution > Let y(t) = T{x(t)} = %:(_t?

(1) Lincarity T{ax;(t) + buy(t)} =d—dt{ax,(t)+bxz(t)}

dx,(t) dx,(t)
8 dtI tle de -

=aT{x;(t)} + b T{x,(t)}

. System is linear

d Examy
(1) Time-invariance - T{x(t-t,)} =ax(t—tﬂ)

Y(t" tu) :a%x(t- t“) Sﬂlﬂfio

= y(t-t,) = T{x(t-c,)}
- System is time-invariant

(i) Memory : Differentiator has memory.

(iv) Causal : The output doesnot depend on the future valyes of the input. So itis
causal.

(v) Stability : IE |x(t) | <B,,

then [y(y] = 1B,
S

yStem is unseable.
1
\\ Example 1.7, Repeat ¢Xample 1,70 for.

Salutian > Let )’(t) =
(i)

dx(t)
dt

(
T{x(t)} = x(7/2)
Linearity . T{axl(t)-i-bxz(t)} = ‘ (

. . : = a
-~ System i linear. i



Introduction

() Time-invanance :

T{x(t-t)) = X(§-t,)

et = )
o Y(["(“) v T{‘\.("-tu)}
S+ System is not time-invariant
(m) Memoryless : The outputdepends on th

y(1) = x(0.5). So the systemn has memo
() Causal : The

I y.

output depends on the future values of the in
y(-1) = x(-0.5). So the system is non-causal,
(v) Stability: Let |x(t)| <B,,

put. For example,

\
then |y(t)| = |x(3)| <B
.. System s stable.

X

Example 1.73 Repeat example 1.70 for,

y(t) = cos(x(t))

Solution : Let y(t) = T{x(t)} = cos (x(t))

(i) Linearity : T{ax,(t) +bx,(t)} = cos (ax;(t)+bxy(t))

#aT{x,(t)} + bT{x,(t)}
.. System is non-lincar

(n) Time-invariance :
T{x(t-t,)} = cos (x(t-t,))
y(t-t,) = cos (x(t-t,))
oooy(t-ty) = T{x(t-t,)}
.. System 1s time-invariant

(iii) Memory : The output depends only on the present values of the input. So the
system 18 memoryless.

(iv) Causality: The output doesnot depend on the future values of the input. So it
is causal.

(v) Stability: Let |x(t) | < Bx.
then |y(t)| = |cos(x(t))| = 1<

. System 15 stable.




Introduction

(u) Time-invarjanee .

85
tem is st-'lble__ T{x(“%)} =x(-¢)
:
— ) =)
Coy(tt,) = T{x(t-t,))
. System is not nmeqnvanant
(1) Memoryless - The o
utputdepends
v(1) = 0.5), Se St m(:;}t::ypast values of the mput. For cxample

y(-1) = x(-0.5). So the System is non-causa|. e
(v) Stability: Let [x(0)] < B, \ P
then |y(9)| = |x(4)| <B, )
.. System is stable.

y 4

ample 1.73 Repeat example 1.70 for,
y(t) = cos(x(t))
olution : Let y(1) = T{x(t)} = cos (x(t)) ,
(1) Linearity : T{ax,(t) +bx,(t)} = cos (x; (1) +bxy(t))

#a T{x;(t)} + b T{xy(t)}
. System 1s non-lincar

(1) Time-invariance :
T{x(t-t,)} = cos (x(t-t,))
y(t-t,) = cos (x(t-t,))
woy(t-t,) = T{x(t-t,)}

. System is time-invariant

(1) Memory : The output depends only on the present values of the input. So the
systemn is memoryless.

(iv) Causality : The output doesnot depend on the future values of the | mput. So it
is causal.

(v) Stability : Let [x(t)| < B,,
then |y(t)| = [cos(x(t))| =1 < w

. System 1s stablc.
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Signals & §
- y.\
~ Rl ¢ N Repeat example 1,70 for, Introdu
y() = e )
dv
Nodwiton 2 Let y(1) = T{a(t)) = (‘id?{c" x(1)}
\ M) Linearity : T{ax,(t) +bxy(t)} =ad't'{c" (a,\-'(t)+bx2(t))}
d ;.
= a%{c" x ()} + h.c-l--t{c x(9)}
= a T{x,(t)} + b T{xA0)}
.. System is lincar.
Exam
(n) Time-invariance :
T{X(t‘tu)} =dd—t[C-t.X(t—t")]
Y(t-tn) _—_.&d}.[c'("lo)x(t_t“)] Solut;

Soy(t-ty) # T{x(t-t,)}
. System is not time-invariant.
(1) Memory : System has memory.

(v) Causality : The output does not depend on the future values of the inpu
So it is causal.

(v) Sability : Let |x(r)| < B,

then ly()] = |4

<B,

Therefore system is stable.

Example 1,75 Repeat example 1.70 for,

y(n) = 2x(n) u(n)
Solution : Lot y(n) = T{x(n)} = 2x(n) u(n)

. () Linearity: T{ax,(ll)+bx‘2(ﬁ)} =2 (ax,(n

=2ax

)+bx2(n)) u(l'l)

l(n) ll(n) +2
“ System s lincar, =3 T{xl(n)} 8 s bxz(n) U(n)

- {x,(n
(1) Tnmc-invariancc: iy
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als & 8,

" Introduction

“oy(nen) » T{x(n-n))
. System is time-varian,

(i) Memory : System is Mmemoryless,

i tput doesnot depe
S depend on the future values of the input, So it

(v) Stability : Lee [x(n)| < B,,

then |y(n)| = | 2x(n) u(n)| <B,
< System is stable, ‘

Example 1.76 Repeat cxalnpjc 1.70 for,

Q0
y(n) = x(n) Z 8(n-2k)

k=-o
Solution :

[+ o}
Let y(n) = T{x(n)} = x(n) >, §(n-2k)

k=-o

(1) Lincarity : T{ax,(n) +bx,(n)}

= {_ax,(n)+b3c2(n)} Z 8(n-2k)

k=-o

0 o
= ax,(n) 2 8(n-2k) + bry(n) > 8(n-2k)

k=-00 k=-00

=a T{x|(n)} + bT{xz(n)}
.. System is linear.

(1) Time-invariance :

o
T{x(n-n,)} = x(n-n,) Z 8(n- 2k)

k=-wo

o0
y(n-n,) = x(n-n,) D 8(n-n,-2k)

k=-00
= y(n-n,) # T{x(n-n,)}
.. System is time-variant,

!




lcss
mo ryicss
McmorY fe 15 M€ ocsnot depend
(111) ’ put O3
Causality The oU%
([.‘" '41'J-' 7
15 causal-

)| <
(v) Subility Let |x(n)

then [y(m1 = 5027

1.70 for.
Example 1.77 Repeat example 1.70 m.l
y(n) = log!,,(fx(n)!)
Solution : Let y(n) = T{x(n)} = loggol | x(m) |)

— log {12 x(n)+bxs(m) |}
(l) Ll—ncarity:T{axl(n)ﬂ:’b.\'-_»(n)} == lo’g:z'kygln )

£ 2 T{x;(n)}+b T{xs(n)}
.. System is non-hncar
= ¢ € ¥ Iy
(i1) Time Invanance : T{x(n-n,)} = log(ix{n—n,)|)
y(n-n,) = logy(|x(n-n,)|}
- y(n-n,) = T{x(n-n,)}

.. System 1s time-invariant
memoryless.

1S causal.
(v) Subility : Let  [x(n)| <H

then I)’(“)l = “0‘%;.;(’-‘-'(11)]')! £B,
= System is stable. |

—_——

(1) Memory : Since the output depends only on the present value of the INput

(v) Causality : The output doesnot depend on the future values of the input &

Example 1.78 Repeat example 1.70 for
\‘j y(n) = x(n)
S f| . »
olution : [, y(n) = T{x(n)

L }= n x(n)
(1) Linearity . T{ax,(n

) + by(n)} = n{ax,(n) + bx,(n)}

= any(n) + bm'z(n)

-~ System i linear, o T{'\.'(n)} tb T{xz(n)}
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me Invariance

T{x(n-n)} = , x(n-n,)

y(n-n,) = (n_p,) x(n-n,)

o y(n-n,) = T{x(n—-n,,)}
- Time-Variant

put depends only on the prece - -
memoryless, Y on the present value of input, it is

(1v) Causality : The output doesnot depeng '
i cansal. P on the future values of the mput. So it

(v) Stability : Let [x(n)| <B,
then |y(n)| = |nx(n)|
= Inl /|x(n)| = |n| B,

Since ‘n’ is not bounded, system is unstable

Example 1.79 Repeat example 1.70 for,

n
y(n) = Z x(k+2)
k=—
Solution : n
(1) Linearity : Let y(n) = T{x(n)} = Z x(k+2)
k=—w0
n

T{ax,(n) +bxy(m)} = D {ax,(k+2)+bxy(k+2)}

k=-o0 .

n n
=a D x(k+2) +b D x(k+2)
k=_co k=—°0

=aT{x(n)} + bT{xy(n)} |

.. System is linear

(1) Time Invariance :

n

T{x(n-n,)} = D x(k+2-n,)




