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LTI (linear time invarient) system:

->The system which satisfies the both properties of linearty and time invarient is called LTI system.

e

many physical process possess linearty and time invariant property thus can be modeled as LTI systems.
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Any LTI system response can be constructed as sum of linear combination of basic signal response

one of the important characteristics of unit impulse is both in DT and CT, is that very general signal can
represented as linear combination of delayed unit impulses

we can know the characterization of any LTI system by using the properties of superpostion and time
invariance in terms of its response to an unit impulse

such a reprasentation is called convolution sum in DT and convolution integral in CT
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Representation of DT signals in terms of impulses
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Q@ \Find the response of DT LTI system having impulse response {4,3,2,1} for an i/p {1,2,3,4}
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Q) Find the response of DT LTI system having impulse response {1,2,3} for an i/p {-1,1,0,1,-1}
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convolution of any signal with u(t) , is the integral of corresponding signal
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= A convolution is an integral that express the amount of overlap of one function when it is shifted
over another function
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Properties of convolution

1.Commutative:

x1(t)x2(t) = x2(tyx1(t) .~
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7.Time delay
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—> The upper and lower limits of convolution integral are the individual sum of upper and lower limits of
input and h(t) \/ ~

—> Length of convolution integral is the sum of the individual input(L) and impulse response(M) ,L+M

—> Area under convolution integral is the product of individual areas . & = A\ 1~%

> Convolution of two rectangular pulses of equal width is an triangular pulse and slope of raising equals

multiplication of individual amplitudes.~

—> Convolution of two rectangular pulses of unequal width results in a trapezoidal whose width is the
e e ——— R e S P D

sum of widths of the pulses .~

lower limit = sum of lower limits

upper limit = sum of upper limits

slope of raising arms = multiplication of individual amplitudes

width of raising and falling arms are same and equal to the width of smaller width of individual
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Unit step response of an LTI system

LTI
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Differential equation model and solution to differential equation
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Example problems:

1.Determine the ZIR of the circuit
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The unit Impulse Response h(t)

The unit impulse response of an LTIC system described by the N“' order differential equation

DM+ oy DY, - )
( 'O & + 0w D O‘“)‘:\U:): (boDH-c-\o\DH v "'+\°““‘D+D"‘)V(H

Practically M < N, in general M=N

)
(D& a S - N -t < ’
1 *+ D 4 - * G D +0\N)\5\t):(560 +b D 4 -+ baa D+ D,,)m(k)

W N ___>®
— Before deriving the general expression for the unit impulse response h(t), let understand the nature of h(t)

-»>The impulse response h(t) is the system response to an impulse input g(t) applied at t=0 with all initial
conditions zero at t=0" o

- 8(t) is like lightaning,which strikes instantaneously at t=0 and then vanish,but at t=0 it generates energy,
means it create non zero initial conditions with in the system at t=0%

~—

-» Although the impulse input §(t) vanishes for t >0 so that the system has no input after the impulse has
been applied o

->» The system will still have a response generated by these newly created intial conditions .
e e sttt

- The impulse response h(t),therefore,must consist of the systems characteristic mode for t > o
e T ————— e ————— —

_— +
h(t)= characteristic mode terms fort >0

This response is valid for t > 0 , but at t=0 ?

h(t) =A,S(t) + characteristic mode term t>0

in eq 1 put x(t)=8(t) and y(t)=h(t) and compare Nworder terms
DN‘,}U(\ = be D w(k)
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i{ mz=w, Y\en e one \‘\om‘\b} LS

[¥ S« PR A\en v =O

The unknown coefficient of the N characteristic modes in h(t) can be determined by using the technique
of impulse matching

—_————

The unit impulse response h(t) is given by

h(E) = b SO + [P ynl) | [~
yAl

where y“(t) is a linear combination of the characteristic modes of the system subjected to the
following intial conditions -
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System stability
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lets cosider right circular cone
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Inter ( asymptotic) stability:

AN, T —— e

/" 1.An LTIC system is asymptotically stable if all the characteristic roots are in LHP, the roots may be
N " e —
simple(unrepeated) or repeated

/" 2.An LTIC system is unstable if one or both of the following conditions exist
i) at least one root is in RHP
ii) there are repeated roots on the imaginary axis

/3.An LTIC system is marginally stable , if there are no roots in the RHP and there are some unrepeated

e
—

roots on the imaginary axis
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Relationship b/w BIBO and asymptotic stability
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