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LTI SYSTEM

* Linear Time Invariant Systems (LTI) are characterized with the help of
1. Differential Equation

2. Impulse Response

3. Block Diagrams

4. State Variable description

5. Transfer Functions
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DIFFERENTIAL EQUATION

* It is used to represent continuous time linear time invariant system

* |t relates the input and output of the system
Differential D
-'::> Equation -

 Differential Equation has two Components

1. Natural Response

2. Forced Response
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DIFFERENTIAL EQUATION
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LTI SYSTEM

LLTTITITIOS

« System Transfer Function: Ratio of the output to the input.

_ Y(s)
1) = %6
* Frequency Response:
X(w) Y(w)
Y (W) frequency-domain
Hw)= ——= x(f) F wp|  analysis = PY0)
©)= Yw) | =
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LTI SYSTEM

« Condition for an Linear Time Invariant (LTI) system to be causal:

h(t) = 0, t<0

« Condition for an Linear Time Invariant (LTI) system to be stable:
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IMPULSE RESPONSE

/i ;-‘}’///'J r1o51s
 Impulse response 1s the output generated by

the system, when an unit impulse 1s applied at
the input.

x(t) = 8(t) —— LTI System—— y(t) = h(t)

5(¢)
t o(t)=1fort=0
Y(s) | =0 fort#0

X(s)

e H(s) =

0

* h(t) = L {H(s)}
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TIME DOMAIN INTO FREQUENCY DOMAIN e

LISTITUTIONS

Time domain

x (1) >| h(t) | » y(t) = h(t)>*kx(t)
| I Invlrse
,.4’ aplace —é aplace ,é
aplace
! M |
X(s) >| H(s) | » Y(s) = H(s)-X(s)

Frequency domain
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TIME DOMAIN INTO FREQUENCY DOMAIN

Time Domain Frequency Domain
Representation Representation

Amplitude Amplitude

1 kHz frequency

Amplitude Amplitude

2 kHz frequency
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TO FIND IMPULSE RESPONSE

1T 71o01S
Differential

Equation

Transform

7

Algebraic Equation
!
4 )

Solving for roots

{ Applying Laplace ]

Inverse Laplace
Transform
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CONVOLUTION INTEGRAL o

INSTITOViIPNG;

* Any Input can be expressed using the unit impulse function

X(t t
O LTI System—y(»)

xX(t) = T X(z)o(t—7)dr

— OO
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CONVOLUTION INTEGRAL - EXAMPLE 5

LISTITUTIONS

Consider a CT-LTI system. Assume the impulse response of the system

IS h(t)=e”(-at) for all a>0 and t>0 and input x(t)=u(t). Find the output.

y(t) = h(t) = x(t) = h(t) =u(t)

u(t) —— h(t)=e™-at — Y(1)

y(t) = T h(z)u(t —z)dz
I

= [ umhe=ndr y(t) = h(t) * x(t) = h(t) *u(t
Jlem he = —L D y(t) = T h(z)x(t—7)dz

T @a—e)u()
a
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CONVOLUTION INTEGRAL -
REPRESENTATION

LITTITITIONS

x(7) )

y(t) = h(t) = x(t) = h(t) *u(t)

| ' o y(t) = [h(x)u(t—7)dz

; . : T T(e—af U@t —7)dz
o ; - :
et
— * l_l”’“ =5(1—e“"“)u(t)
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CONVOLUTION INTEGRAL

xt) Find M)
yltl=x{t)=hit) 3
:
(a)
T 3 ) . 0 3 J
x{t-A)  Increasing t 3 A Convolution integral setup:
— - -
2 yltl=[ _hirlx(t-h)dn
(b)
. | . A,
t-4 t+ 1 0 3
"‘1-._______ ______..-"

Consider various overlap cases as tincreases
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PROPERTIES OF CONVOLUTION
INTEGRAL

COMMUTATIVE

xl(t) = hit) = hi{t) £ 2(T)
DISTRIBUTIVE
x(0) *[h (D) + h,(D)] =x@)*h,(@) + x(2) *h (2)

x(r) - - A, () + h, (D | — y(1)
id h, (1) l
x(2) | O YO
il hz (Z) ‘
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ASSOCIATIVE PROPERTY

[x(@) = A, (D] xh (1) = x(2) =[h ,(2) =h (D]
[x(?) %~ 2(2)] = h ) = x(2) *[h(2) *h,(2)]

x(2) I e B C T e L
x(2) | @@ 0
x(7) = h,(2)xh,(7) | = y(7)

x(0) G e BT G T e (0
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1. Define LTI System.

2. The system transfer function is given by --------------
3. List the properties of convolution integral.

4, - relates the input and output of the system.

5. What is meant by impulse response?

6. The condition of an LTI system to be causal is given by --------------
7. Associative property is defined as -----------

8. The condition of stability of an LTI system IS ---------
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