
Signal Analysis& Communication ZC7355
Ch

.
1.6 : Properties of Systems (conta.)

3
. causality
4
. stability .

5. Time Invariance
6 . Linearity

Lecture 6

20-09-2023



Ch
.
16 PROPERTIES OF SYSTEMS (Cantdo)
⑤ Causality
Deft . A sys, is causal if for all time tePntE, the output value

Yes/ Yan] depends only on the past & present input values

xxt/92enTrn
· Meaning -> the sys doesnot look into future

.

- You can often check causality by just inspectingthe formula too 4()
- Examples :① All memoryless systems are causal

t

⑧ the Capacitor vet-Icydi causal

③ YH= KA+1) m Non-causal

④ Gens=+1
=
-mcn+] Non-causal

(indep variable - spatial
coordinates (not time))

Moving resagreed in dig. image processing to smooth-out

④ Stability
Detr.. A system is Bounded-Ip-Bounded-op stable it bounded Ip sig.
C 121< , V/1Kn/ , Yn , leads to bounded
up sig , i.e.. 14/0 , /Mak ,

Vn .

- Meaning -- small Ips head to olp
,
that do not diverge .

- Stability is a cxitical property in many engg applications-
- stability of physical syse results from the presence of mechanismsthat
dissipates energy :

- Examples : ① DLC Sys· IP dissipates encogy) Stable

⑧ spoing-mass sys, Stable

Not stable⑧ Yang-est (If RCK=1 , XK) (thedefishould be
valid too all IIPs]

④ ** Radi Not stable

Sfor e.g., if RC)=4())



⑤ Time Invariance

- A system is time invariant if a finite shift in IP sig. results
in an edentical shift in the olp sig .

- If

ex/xans
-

: 81/yan) foo all

then Get Pr
RA-t

: /2 an - No - Ge-t/nm *NotE

e
I
**

xH- A YA-A>

--
to ↳

-meaning--antementanextentitomagawaproducethe same
A
.

x(t)
· Delay - S -

Yet
k(- te)

B= Time-invariant
Be - S ⑧Delay &

x(t) y(t) Alt-t?
- examples : ① Y**(2t)

says. Response .
-

A
. x(t) Delaut K(t-to)

S
· x(at-to)If

B
. x(t)

S
· x(at) Delay- x2(t-t))↳

e

in -gime-variant
Delay .

x()A &, ,A*A-2) A
.

Time-variant
/

1 -(152, 12t)
1 1

- 2 2 * O

A

4 E 0 2 )I
1

+ x(t) x2(4= x(2t) 1 y(t)=kelt-2)
1 1

I-
-22 I - 11 I

1 3 -t



② y(= +x()
A
. 21, Delay - KC-t)

S
-x(-! 4

B
. Kit

S
- tr Delay- (tot, 4(t-ts

↳I
(TV)Time-variant

③ 24)= sin(*(1)) Time- Invariant (TIV)

④ Yang= (x(n)) Time - invariant

③ In Rhe Circuits - Differential Egus.
I
.

If coefficients of toms-constant
IP TIV

↳
.
If coefficients of feoms-time varying.

ID TV

⑥ Linearit
Deft. : A system is lineas if the following conditions hold :

· foo an arbitrary /P, x1()/2ny &*act/acns

xt/2n]
S
· YIc (cns

Rack/2a(n)
S
- face/Yain]
Sis Rosen't alacay Polycling

· Additivity
ins axect/axn-ayoc/acr]

where ato

eeftomogeneity
NOTE : A compact way Nos write this

I sealing

ax()+ bx2) ↳ a yastbYact FabtK



achling + beachs -agcns+ byany Vabtic
-Eatkny

or Manattac** Int k

Faxt
* A Linear sys , commutes with sealing & summation.

A
x1(5) -> C1

· East Mat-! % I - I

A

xm(t -Om

x1(t) - S
y1(t)
- Cr

A ·

Yaneas
B
.

· ! I & Saafacts·

Yaltam A

Smi -4

-Examples :① = sin(t) x()
A
. a K+ BRA) - Sin[aKbx
B
.

- sinIt) 4)a + Sint) ke(t)b--sinylax,Br
Lineas

⑧ 41n] = Neans
A. -aK(n) +ben) = (axcns+bxc(n])-
B
.

- NRn+nx Makingbra(n)
Lineas

③ (1) = x (t)
A
. AK1+bKC) (aR+bet)
B
.

- R,+Etib- axbrit
Nonlineas



④ YI=2 x + Nalines

Nott : Noo a lineassystems ealways have the

- In linear syso , zo Ip always produces zeso olp
~ fo example above

-(1) = 2x,+)
+ 3

- zesolp here is not producingzero of here !
- sys is not lineas .
-

A
. K P- 2(x,Y())+ t
B - (2x,,3)+ (2xx,3)--2,1

- In RI Locuit
-IR⑧

↳t
-

I-dy-Rend* ⑪ +

y()Vertx()-
↳RayVet and
e

If it is aeso-sys. is lineas
olw - Sys. is Non-lineas .

- formally called "initial rest condition"
- Foo any time to : If M4) =0 too t st

. too a lineas

then YA) =0 too <t
.

sys.


