Systems: a system is represented with a box whose content we don’t know:
A system is identified by the equation that relates y(t) to x(t), e.g.:

_ output y(t)
y(t)= 2x(t) -x*(t+1) inputx(®) | System >
This is the “input-output equation”.

Properties:
1) Memory: has memory when current output depends on past inputs
2) Invertibility: when a system S has an inverse system S such that
t X(t)
x(t) S Y > st >

3) Causality: a system is causal if outputs only depend on current and or past inputs

4) Stability: a system is stable if small inputs will not produce extremely large
outputs

5) Time-invariance: when a same input produces the same output regardless of
when it is applied to the system

6) Linearity:

output y(t)
input X(t) | Linear System >
ay(t)
ax(t
Xl((t))+X2(t) ya(t) +y2(t)
output y(t)
input X(t) Nonlinear R

»  System:

a®x*(t)=a’y(t)
i)l(((tt))+x2(t) Y1(t)+Y2(t)+2(y1y2)
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Another example of a non-linear system is

output y(t)
iIlDth X(t) Nonlinear _
»|  System: d
ax(t) sin(ax(t)) # ay(t)
1.15 . output y;[n]
mput System S, -
»|  discrete-time g

Input/output difference equation for S; is y;[n] = 2x;[n] +4 x;[n-1]

output yz[n]
input System S
discrete-time

v

A

Input/output difference equation for S; is y2[n]=xz[n-2] +1/2 x;[n-3]
Combine S; with S; in series to obtain the combined system S, provide the
input/output difference equation for S

output y,[n] output yo[n]
input X, [1] System S - input Xo[n] System S, -
P discrete- » »| discrete- »
output yz[l’l]
input X;[n]
) System S L,

ya[n]=x5[n-2] +1/2 x;[n-3]

What is the relationship between x, and y;? They are equal! (since S; and S, are
connected in series, the output of the first system is the input to the second system)
ya2[n]=yi[n-2] +1/2 yi[n-3] ; now using y[n] = 2x,[n] +4 x;[n-1]

ya[n]= 2x;[n-2] +4x[n-3]+ x;[n-3] + 2x;[n-4] — yo[n]==2x¢[n-2] + 5xi[n-3]
+2x1[n-4]

This is the input/output equation for the combined system S

1.16 A discrete-time system is given by its input-output equation as: y[n] = x[n] x[n-2]



a) Is the system memoryless? No, it depends on past inputs

b) What is the output when x[n]=Ad[n] (A is any real or complex number)?

d[n] is centered at 0 (at 0 it is 1, everywhere else it is 0) ; §[n-2] is centered at 2 (at 2 it is
1; everywhere else it is 0)

y[n] =A d[n] A d[n-2]=0

c) Is the system invertible?

If it is, we should be able to find S such that when combine in series with S, for each
input x[n] we get back x[n]. Can we find such a system?, i.e. a system such that if x[n]
x[n-2] is applied, it produces x[n]. No, this system is not invertible.

1.27 a) y(t) = x(t-2) +x(2-t)
I)Memory? Yes

2) Time invariance? let’s shift the time by a: t—t+a
x(t+a-2) + x(2-t-a) = y(t+a); Yes it is
3) Linear? Yes

4) Causal?

y(0)=x(-2) +x (2) not causal
y(1)=x(-1) + x(1) causal
y(2)=x(0)+ x(0) causal

System is causal for t>=1

5) Stable? Yes
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