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SIGNALS & SYSTEMS

TOPICS COVERD UNDER THIS UNIT :

SIGNAL DEFINATION:

A signal is a physical quantity that varies with time or space or any other independent variable or variabls
NECPENTent vartable

(or)

—> INTRODUCTION OF SIGNALS AND SYSTEMS
—> ELEMENTARY CONTINUOUS SIGNALS

—> BASIC OPERATIONS ON SIGNALS

—> CLASSIFICATIONS OF SIGNALS

—> MODELING OF SYSTEMS
— CLASSIFICATION AND PROPERTIES OF SYSTEMS

Anything which carries information is a signal

(or)

UNIT-1

LEC-01

Signals is a time varying physical phenomenon which is intended to convey information
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signals are expressed mathematically as a function of independent variable/variables,which is
usally time
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if signal depends on only one independent variable then the signal called as one dimentional signal
D, () L Aemp ()

if signal depends on two independent variables then— two dimentinal signals &
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system is an interconnection of different physical components which act together
T T
to perform certain task

system:-

(or)

A system is defined as a physical device that generates a responce or output
signal for a given input signal

X(t) input a| system OUtPUEt y(t) »» the relation b/w the i/p x(t) & o/p y(t) is

excitation responce y(t)=operation on x(t)
—x [ 12 —
x(t) y(t)=[x(t)]*2
Examples:-
Motor (converts electrical energy into mechanical energy)

Amplifier (increases the strenght of i/p signal)

Filter (rejects the unwanted frequencies prasent in i/p signal)



Basic classification of signal is:

Continous time signals: cts

Continous time signals are defined for every value of time 't' and is represented by x(t)
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Discrete time signals:

The discrete time signals are defined at discrete instant of time and is represented by x[n]
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Basic operations on signals

i Time shifting:
1. shifting .~ E—
2. scaling A duance
3. reversal ./ L V. P
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Scaling:
—> Time scaling

> Amplitude scaling
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Reversal
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Elementary continuous time signals UNIT-1

LEC-03

1.unit step function

2.unit ramp function
3.unit impulse function
4.unit parabolicfunction
5.rectangular pulse function
6.triangular pulse function
7.signum function

8.sinc function

9.gaussian function
10.sinusoidal signal
11.exponential function

1.unit step function

unit step function is denoted by u(t) and defined as

ut) =1 fort>0
0 fOF t< 0 . n>0
u(t) . ‘_‘_L UObn<l

Graphically this is as shown below
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2.unit ramp function

The unit ramp function is denoted by r(t) and defined as
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Sine Wave
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4.unit parabolic function

The unit parabolic function is given by
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5.rectangular pulse function / Gl «R—\m.
The rectangular pulse function is denoted by Ti{t) and defined as
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7.Signum function

The unit signum function is defined as
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8.Sinc function
The sinc function is defined by the expression
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9.Gaussian function
The Gaussian function is defined by the expression
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10.Sinusoidal signal
A continuous time sinusoidal signal is given by

x(F) = A stn (p,x + ¢)
L phase angle in radians
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11. Real Exponential signal

A real exponential signal is defined as
X(ty=Ae*t

thene A,Rx —> veaol
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' A '
A A
oo P 1 i
0 r 0 r 0 t
(a) (b) (c)
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Complex exponential signal
The general form of complex exponential is given by
2(t) = 5V ’_>®

where s is a complex variable defined as
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Represent the following signal x(t) using suitable shifted u(t) signal
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Mathematical representation of a signal waveforms

u(t)
waveform is having no discontinue -> only ramp
waveform is having discontinue plus constant -> step 1 ut)y =1 fort>0
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Classification of signals

1.Continuous time and discrete time signal
2.Deterministic and random signals
3.Periodic and aperiodic signals

4.Even and odd signals

5.Energy and power signals

6.Causal and non causal signals

Even and Odd signals

Even (symmetric) signal: A CTS x(t) is said to be even signal if it satisfies the condition

x(-t) = x(t) for all t
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Odd (Anti symmetric) signal: A CTS said to be Odd signal if it satisfies the condition
x(-t) = -x(t) for all t \
_alk
NP ’mtk\ /\VU‘\ =
ex: A < Asnk

.zwo U !t




- Any CTS can be represented as sum of even and odd signals/component
- A signal is neither even nor odd,but have both even and odd components
W %{t) = ¢S We @ — 90

e (t) "‘5 Cven 40‘“‘“(0'“‘“\’ 7(“." —"((’t) = 2 "hu(k)
'Lo((’\ - 04dd C,Cﬁ""‘f“‘ﬂ‘“\f

ol = 4 (w0 — 0]

1) = ®ell) + % o (k) ““)@

T~ﬁ WCG\Q ti—t

Saa@® =t - oad
x(-t) = re (-k) + Ao(-t) P
%(‘k\ _ uc(k) _ "‘o(k) {7.) 'K(E\ = b,k .k N even
Lec @ +()
() &+ w(-%) = Z %Re (U
tell) = L (_’l(t) + m(—t)J
properties: @ D¢ value +0dd = ?
) = 3
Lk () =10 w (L \o +t
3
w(-k) =2 € (-t) = 10+C-k)
Aol \,“NUO 3
Dia] K“L("' — ‘D_t
_ DC +0 = neilhn & mev O
o “t

E 4+0 = necilhvd & 0 0

De Votvwe s om evin siqnal

@w\u*w‘me\c\ Oc ¥+ € ® EXE :? .
pCc+E =& y = t* “ _
& 10 + 7 = w &) crc —c ®(k l—_xt‘ Lc
i°+-(—t)v="‘(~t\ ALY = (L) = b = %)
1o rEvs w0 = [Exe -<
=) o%x0 =21 3
© 2 s 3 & c,é‘:(o) =G
*y= b xt =t

o
@

OX0 =€ @ fc-e\%

() Ooxe =7
¢
() = tsxl—_ = tq

®

—
o
bt
ol
m

S
OXE =0 @ ©
® © g=¢

d (& =
d(e)=0




@ ()= cost & Sin| =+ cosv sank

< ° © xe (t) = ‘t[’k(k)—k‘x(-k)‘l
A(-t) = cos(-X) + W0 (-t) + cos(-k) SNv (-t)
\
'K(‘t\ = cos\»_s\h\'_ces’\( S\\Y'k "Lo(t\: —LK:M(Q)—"‘(-Q]

v
cos(~Q) = ¢co30®
X N R . A
e(t) 2%03\' +sv)/\ +c»s\/$«\<'\ {-—cos\/_.?&‘\/ ¢%w1 e = — SOV
e (£) - /\—Z ,z/ces\] — c<co25%
'Lo(k’)‘-‘— _\&_[’co/{\,*s{\'\\/.‘.cQs\' s\n}y — c/o/s\f -+ S\‘Ml/_*c‘,}‘,s-iy\']]

= s\‘v‘}\'—"cog\' -S\n/’r

@ (L) = ét
t M e
x(-t)= ¢ Cre oo
-t t z
'le(t\:. M— — € r e :(oslﬂ(
= ] tLt €—¢ = sirhn
1°“) = 2o - wt = ._/c i = ~wwnhb =
s
@ * () = 2 —3Fsup” —sQ) pur k=1 ®t1
- T
x(-0) = 2 = 3(-ky +U(-t) ®*(N= 2-30)+ M) = 3

(1) = 2+4301) +u()
H(-t) = % (t) — evin ) = , ( = 9

X(-8)= —n(t) —>oedd



Find even and odd components of given signals W)
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Periodic and aperiodic signals:

A signal is said to be periodic ,if it satisfiy following two conditions
1.1t must exist for - < ¢ ¢ ¢

2.1t must repeat it self after some constant amount of time 'T'

X(t)=x(t+T) for all t
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The smallest value of T that satisfies the above condition is known as fundamental period
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General representation of sinusoidal signal is
X(t) = A sin(wok + 4)

\ ‘)\\Me Sk
Ay Phase awa\e
o'r\a,u\oﬂ _(_\nyl
d _
j; ( 'f“'"‘*‘)

'3?(030\') :>°°° "5(—4“’{

(L) = A S\NWk

€)= % (b4 T)
A(E+7) = A& sin Wo(b+T) += 2R~
. Wo
= A s (wol + WeT)
(A)s" 2R
= A S (wor + 28 )

1

A sin (Wel+ 2K)

rl

A SinWs)
*(t)

il

Ex (D) (k) = {4 sin300R ¢t /H Sin Wok

(JJD"‘

=

306N

_ 2K 2% o
‘-,_- wo -_-? 360.7( ﬁ

S¢ ¢
)} SO

Ax(E

A Cs'm WeY CBS2 R + COSWo SN 27 )
1 o

I O
° A ]
T q T . 27
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The sum of two periodic signals x1(t) and x2(t) with periods T1 and T2 may or may not be periodic depending

on the relation between T1 and T2

sum to be periodic ,the ratio of the periods T1/T2 must be rational number or ratio of two integers
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Deterministic and random signals

Deterministic : A signal is said to be deterministic , if there is no uncertainity with respect to its values
at any instants of time |
o r
MaJ
Ex: sine wave phas

Sine Wave

+ A
: v \/ \\/m
e
Pt b

Non deterministic / random : A signal is said to be random,if there is uncertainity at any particular
instant of time

Ex: Noise signal

Amplitude Noise signal
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Causal and non causal signals

A CTS x(t) is said to be causal if x(t) = 0 for t < 0, v
anti causal if x(t) = 0 for t > 0, v/
non causal if x(t) # 0 for t < 0. v~
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All anti causal signals are non causal but all non causal signals need not to be anti causal
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Any non causal signal is multiplied with u(t),it generates causal
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Energy and power signals

Energy signal: A signal is said to be an energy signal,if its total energy E is finite i.e 0 < E <

For an energy signal,the average power p=0

power signal: A signal is said to power signal, if its average power p is finite,ie 0 < p < «C

For a powe signal,the total energy E=<
————-/

average power is defined as

for a signal x(t),the total energy is defined as
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system:-
system is an interconnection of different physical components which act together
to perform certain task
(or)
A system is defined as a physical device that generates a responce or output
signal for a given input signal
X(t) input system output  yt) »+ the relation b/w the i/p x(t) & o/p y(t) is
—t [ 2
x(t) y(t)=[x(t)1"2
Examples:-

(converts electrical energy into mechanical energy)
(increases the strenght of i/p signal)
(rejects the unwanted frequencies prasent in i/p signal)



Classification of systems

1. Static and dynamic systems

2. Causal and non causal systems x (O s\
3. Time invariant and time variant systems 0_7 S\jskm |
4. Liner and non linear systems ‘,? °\?

5. Invertible and non invertible systﬂ'ns

v
6. stable and unstable systems
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1. Static and dynamic systems

Static(memory less) system:- Output of system depends only on present value of inputs

Dynamic (with memory) system:- output of system depends on past or future values of i/p at any instant
of time.
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2. Causal and non causal systems

Causal system:- output of system is independent of future values of i/p
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Non causal system:- output of system depends on future values of i/p at any instant of time.
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3.Time invarient and time varient systems
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4.Linear and non linear systems

Linear systems:- The system which follows the principle of superpostion is known as linear system
——m

1.Law of additivity

2.Law of homogeneity
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5.Invertible and non invertible systems

For any invertible system, there should be one to one mapping b/w i/p and o/p at each and every
instant of time
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Stable and unstable system

For a stable system, o/p should be bounded for bounded i/p (BIBO) at each and every instant of time
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Interconnection of system:

i/p

—

Sys 1

O/P

Fig a: series(cascade) interconnection

Ex:-A radio receiver followed by an amplifier

o

vy

_)| Sys:]_ |

Sys 2

Fig b: parallel interconnection

-—)| ays 1
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LYs =

Fig c: series-parallel interconnection
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Fig d:feedback interconnection

\

Ex:-simple audio system with several microphones
feeding into a single amplifier and speaker system

Sys y

O/P

Ex:-a cruise control system on an automobile
senses the vehicle's velocity and adjust the
fuel flow in order to keep the speed at desired

level



Absolutely integrable:- -t
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For x(t) is to be absolutely integrable,if
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Square integrable:

A signal is said to be square integrable,if
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