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Discrete System



- Linearity

A system is Linear

if and only if

Homogeneity

A

A

it satisfies the principle of
homogeneity
additivity =

Superposition

X, (N) — SLinear —— Yi(N) m=p X(N) =C X, (N) —| Linear |, y(n)=C,y,(n)
ystem System

Additivity

x (n) — L — ¥,(n) _ : _

X,(n) — System | o = X=X+ x0) - sLyIQteear; =Y =Y.+ Y, ()

Superposition

x(n) = Clxl(n) +C,X, (n)—

Linear
System

—Y(n) = C,y;, () +C,Y,(n)




- Time Invariance

xl(n) _,| Continuos
time system

Yi(N) ey X(1) =X (N—Ny) —

Continuos
time system

- y(n) =y, (n—ny)

- Linear Time Invariance (LTI)

When a system if both linear and time invariant,

- Causality

it is called a linear time invariant (LTI) system

its current output depends on past and current inputs

- Stability

but not on future input.

if the system input is bounded,
and if the system output is also bounded, it is called that

the system is stable (BIBO)



- Discretize

A = o)
gEil= O iz
HOojAZ Bt XtS A of Al Al Linear Transformation



ﬂ - Recursive AND Nonrecursive
]
Recursive (A#AH)
: L 2]
y(n)+> a,y(n—k)=> bx(n—k)
k=1 k=0

The Output depends on previous values of the output
as well as on the input.

¥ln]
——

Non-Recursive (H| X&)

An]

y[ﬂl

() =X bx(n—k)

The Previous values of the output do not enter the calculations.
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k=0
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yln]+0.5y|n—-1]1=0, y|-1]=-1

dEole] 22 E F5har

HiI

FLzt y, [n] = Aolztn 71,
=0 A +0527=0
A HA+0.5)=0
A=-05 os=a
oy y[—1]=—lojnz C =0.57120 netq FLaHE,
y,[n]=CA =(0.5)-0.5)" =(0.25)"
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- Problem

y(n)—0.25y(n-1)-0.125y(n-2) =0
y(-1)=1y(-2)=0
1-0.2527"-0.1252° =0
(1-0.52)(1+0.252")=0—>r,=0.51, =-0.25
Ve (n) = C,(0.5)" +C,(~0.25)"
C,(0.5)"+C,(-0.25)" =1
C,(0.5)*+C,(-0.25) =0
Y, (N) =0.333(0.5)" —0.083(—0.25)"

—C, =0.333,C, =—0.083




- Z-transform

- Definition

Two sided z-transform

o0

Z[x(M)]=X(2)= > x(n)z™"

N=—00

One sided z-transform for causal
o0

X(z)=) x(n)z™

n=0



- ROC (Region Of Convergence)

a
x(n):{O

X(2)=Yaumz" =Y (az?)

N=—c0

n

n>0
n<0

!az‘ll <1,

z|>a

X(2)=
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z | _2(2z-a-b)
t—a ¢-b (z—a)(z-h)’

X(z) = a|<|z|<|p

HOME WORK : Description
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X(n) = Acosnw-u(n)

X(z)=> Acosnwz™"

n=0

0 eja)n _l_e—ja)n i,
n=0

:giejwn +é§:e—ja)nz—n
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- Linearity
Z[x ()] = X,(2) = Z[ax, (n) +bx, (n)] = aX,(z) + bX, (z)
Z[x, ()] = X, (2) R 1 2

- Shift Property

Z[x(n—-m)]=2"X(2)

- Convolution
y(n)=x(n)*h(n) —  Y(z)=X(z)H(2)
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- Inverse z-Transform

x(n) = Z X (2)] = %ﬁ X (z)z"dz

o lfa" n>0
X(n):JLO n<0
1 Z
X(2) = = | | Difficult....
( ) 1—82_1 7 g Very! Very! Difficult

So.... We use RESIDUE THEOREM




X (2) = 0.5z
(z-1)(z-0.5)
X(z) Kk N K,
z z-1 z-05
X(Z)(z 1)

=1

z=1

X (2)

k, =" (7-05) =-1

z=0.5

z 2
z-1 z-05
x(n)=1-0.5"

X(2) =




6z° -10z+2
2°—3z7-2
Y(z)  62°-107+2 G, G G

Y(z) =

Z z(z—l)(z—2)_ z 1-1 71-2

Y(2)=1+ 2z + 32
z2-1 z72-2

z|>2
y(n) =o(n)+[2(1)" +3(2)"Ju(n)
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- The Solution of linear Diiference Equations

X(n)—-1.01x(n-1) =50,x(-1)=0,n>0
50

_Z_l

X (2) =101z X (2) + x(-D] =

1 50 2 50z
1-1.01z* 1-z% 7-1.01 z-1
X(z) 1 50z 101 100z

7 7-101 z-1 z-1.01 z-1

« (2)250[ 101z _1001
z-101 z-1

X(n) =50[101(1.01)" —100]Ju(n)

X(2) =
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- The Relationship with Laplace Transform

Xs = ix(nT)5(t — nT)

X, (s) = x(0)+ x(T)e™" +x(2T)e > +...

o0

_ Z X(nT)e—nsT
n=0 X(t) : eI
eST =7 AetZatAms
HE23}
' z 3k
X(nT) o z 3}




