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DIFFERENCE EQUATION

LLTTITITIONS

* Difference Equation: It 1s an efficient way to implement discrete time

systems

* The convolution of input sequence x(n) and unit sample response h(n)

gives the output y(n)

y(n) = Z x(k) h(n — k)
k=—x
* Two types of systems depending upon the length of unit sample response

h(k)
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LTI DISCRETE TIME SYSTEMS

LLTTITITIONS

* Finite Impulse Response (FIR) Systems: Unit sample response (or)

Impulse response h(n) has finite no. of terms
M-1
y@) = > h(k) x(n — k)
k=0

* Infinite Impulse Response (IIR) Systems: Length of Unit sample

response (or) Impulse response h(n) 1s infinite

ym) = > h(k) x(n — k)
k=0
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RECURSIVE DIFFERENCE EQUATION

y(n) = y(n-1) x(n-1) + 0.5 x(n)

X(n) - (1) > Y0

y(n-1) x(n-1)
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LTI DISCRETE TIME SYSTEMS o

INSTITOVIPNE;

* Recursive Systems: Output y(n) depends on present and past inputs as well

as past output

* Non Recursive Systems: Output y(n) depends on present and past input.

— -
x [rn] Q l v}

One-sample
delay

v 1 ]

M
y(n) = Z h(k) x(n - k)
k=0
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* Z transform 1s used for the analysis of discrete time signals.
* It 1s more broad compared to Discrete Time Fourier Transform
* Iti1s very much useful in discrete time signals as well as system analysis

* x(n) and X(Z) 1s called Z transform pair

x(n) < > X(Z)

Imag s Unit Imag z
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LTI DT SYSTEM

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

Y(Z)
X(2Z)

H(Z) =

* Frequency Response:

Y(w)

Hw) =

X(w)
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LTI DISCRETE TIME SYSTEM

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

h(n) =0, n<0

* Condition for an Linear Time Invariant (LTI) system to be stable:

z \h(k)| < oo

k=—co
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Z TRANSFORM - UNIT CIRCLE ROC

unit circle

unit circle
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ROC OF Z TRANSKFORM

& -
L -

X(2)=—, |z]a] X(iz)=—, |zKa

7=a i=a

I Im
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TO FIND IMPULSE RESPONSE Q, o
TITrorionls
é ~

Difference Equation > Applying Z Transform

\_ /

‘ Inverse Z Transtform
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DISCRETE TIME SIGNALS

LLTTITITIONS

u(n)

um)=1forn=>0

1
=0 forn<0 ‘ | | ‘
O 1 2 3 4 i
Unit step signal
S(n)
lT
on)=1forn=0
U mn
Unit Impulse signal = 0 fOf n ;é 0
Tr=
r(n)=nforn=>0 = I
2 s
_ |y | I _
=0 forn <0 512 2 = h

Unit Ramp signal
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POLE ZERO PLOT OF LTI DT SYSTEM

LLTTITITIONS
* Zeros: The value(s) for z where P(z)=0.

* The complex frequencies that make the overall gain of the filter transfer

function zero.
* Poles: The value(s) for z where Q(z)=0.

* The complex frequencies that make the overall gain of the filter transfer

L . .
function infinite. P

X(2)=P(2)/Q(z) P
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LTI DISCRETE TIME SYSTEM

* Solving Difference Equation using Z transform

Shifting Provnertv of Unilateral Z Transform:

v(n-1) © Z1Y(Z) + Z y(-1)
v(n-2) © Z2Y(Z) + 27" y(-1) + Z y(-2)

y(n-3) © Z°Y(Z) + 27 y(-1) + Z71 y(-2) + Z y(-3)
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Z TRANSKFORM

- uld
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LTI DISCRETE TIME SYSTEM

4= 2 Q/3jq ) & xM-=u®» Tnd 1"“?“\51 Resgonse
2 (=z-v)

p- & = -
M&) - 2.%_)/3) X (X) = ;\ . : _
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LTI DT SYSTEM TRANSFER FUNCTION

INSTITOVIPNE;

AW =T1y0) =12 30D + 2x () ~x (a-2) - Sas\mﬁ";&&“
¥y @ = 1z V(@) -\2 z"Qy(z) +2x@- 2 x (=)
Y@ 92 vy 4 270 Y& = X @ E:Z-fﬂ

Y () E\-‘Tz.\ -wzz] = X@)E‘l-iﬂ

Y© 2%

X @) 4 -2 R 27
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APPLICATIONS OF Z TRANSKFORM

LLTTITITIONS

* Iti1sused to analysis of discrete time systems.

» Iti1s used for the digital signals

* It can be used to solve difference equations with constant coefficients
* To characterize the transfer function of discrete time LTI systems

* To design digital filter
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ASSESSMENT

LLTTITOTIONS

1. Define Difference Equation.

2. Impulse response h(n) has finite no. of terms is called --------------
3. What 1s meant by recursive systems.

4. Ratio of the output to the input 1s called -------------

5. List the steps to find the impulse response of LTI DT System.

6. Z transform of unit step signal 1s ------------

7. Last the applications of Z transform.

8. Name the condition for an Linear Time Invariant (LTI) system to be causal.
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THANK YOU
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