
input signal output signal)]([)( txty Τ=

system

)( tx )( ty][•Τ

Figure 1.1



)(1 tx
system

][•Τ

)(1 ty
)(2 tx )(2 ty

][

)( tx n )( ty m

Figure 1.2



physical phenomenon ( b ti  )physical phenomenon

design criterion

Tool

( obseravation )

ordinary
diff i l

mathematical model ( equations:                                  )differential
integral
difference

solution

implementation

N Y

( circuit or system  )

verification end

Figure 1.3



)( tx

t0

Figure 1.4



][|)( nxx ntt =Τ=Τ

)( tx

t0Τ− 2 Τ− Τ Τ2 Τ4 Τ5Τ3Τ2 Τ Τ Τ2 Τ4 Τ5
2− 1− 1 2 3 4 5 )(

T
tn =

Τ3

0

Τ Τ : sampling period (spacing)

Figure 1.5



][nx d

2

1

n
02− 1− 1 2 3 4 53−

1

1−

2−

Figure 1.6



][nxd][nx)sin()( ttx =

n
5

1

2
1

76
n

5 76
t

π

1

π2
n0 1 2 3 4

2
1

−

1−

n0 1 2 3 4
t0

1−

4
π

2
π

(continuous) (discrete) (digital)

(sec)
4
π

=Τ levelsnx d 5:}1,
2
1,0,

2
1,1{][ −−=

Figure 1.7



ΤΤ

Τ

t
0

0Τ

Figure 1.8



)( tx )( ty
static system

Figure 1.9



)( tx )( ty
dynamic system

Figure 1.10



)( tx )( ty
causal system

Figure 1.11



causal

dynamic

static

causal

Figure 1.12



)( tx )( ty][•Τ

Figure 1.13


