" Chapter-03- NS
LBq sic Systemn properires |

Up—> =(t) ———zf‘?s‘ls-" “» Y —>ofp:

2{t+-1) = 2(0}—> Pgst
it "@\4&9 = 2(3) —> pregent

ICHU;‘ 2(2) a4 Fufun

11Stahic € dynamic Sys-—
Static > TF ofp OF SYs- depands Ohhp on present values oF i/p Ql"EQC‘)ﬁ’
e o @URRY - [ RSEO@F-Hime then Sys- 01l be static,.

-----

* These Sys- qre also known s Memoryless System,

Dynamic—+ % If ofp OF Sys- defcmds on pgst ©¥) Future valyes OF ‘/P at

any thefant OF time +hen cys- tolll be dgnamic,
% This sys- qwe also knowan _as <ys with memory-

Q- Check Staticf dynamic ey s
@ Y= 20 + 21 5 Y(H = Even [x4]]
@ ¥ = 20 €)Y = Reot [xe4i]

G Y = 2(sind &) Y& = F 2(z)dz
@) Y = 24 @) ey = ot U,

Po_ﬂ Gllhmomlc
o @Jl)\mamm

3 \r(-m XLOJ
.31(,39 ?‘“L"' ve system is dyagmic.
Y f?nqm‘l’c‘
@) 9@ = 2@ t2ct)
3 2

P = Pask -
Yl = kay +’<(~U system is dyngmic. -

[} L4

©) yuj= %(3) fa(i—)_ system. is staHc
2

fmay WIS oo mlamme §O r‘un»(‘!‘m{r‘




42

@) Tnteqral g denvative sys qre dynqmm Qys-
@) "Iy case 01‘-’ time scq,ung (o9 +ime shi 9;‘111)9 System ol be dyqqm,c

(2 CwsMNon Caungald eyskm—y
*Qwol—}*l:': ojp of Sys- is mdepandaq—f oFf futqm vww@; 03‘—‘ l./p CLQ'QQC&
% every fastant o tHime then Sys Lojl be causaf. '
¥ This 'sys are practical ©7 physicaly felisoble <y s-
- YW= :
@) Y@ ==t
@) Y = 2@ -t—x(t—lj

3

,sﬁ Vel o »zj" =

; # Hoq Causal sySffm-> 261‘:’: ole oF gys defoods on ?um?u vatuu o,e ;/;

‘ at aby m9+0ﬂ1' oF Heme H)Qn Sys- wjll be hon-
musal ' .

» E9:— (1) Y= 'z(H—l[
@) Y =2@) -t»’-t(&-ui
@) Y = 2(441) Fx(3+L)
@) Y4 =20 2@ (Y

* Aot C‘wSQﬁ sYsﬁ’“’" * Te ofp oF sys deponds only on. ”Fu{-qn VQU.[Q.,‘Z 0]‘3 ’
t/P Hea Sys- Wil be anfrcaugal,

o

._‘3_ ‘f(+) ve(++1) <<<<<<

* A qati-caudal Sys+ems Qie non ccuua& bu} COhWrS‘@ or- Hns gfq{-e..
men{_ IS ﬂw‘l !l . . --------------------------------------------

" Que-= Check Causal g Non-Caus ol Sysferq

@) Y =2@t @) yay= j %(z) de |
@J Y = %= e
@) \‘fl((H:vci;JnH . IR ';&’f(ddz
@)y =fx(24) 5 t<o & = f*(udz
4 | .[”‘(t"JB tzo
G Y = odd[za]] - | =

€ YB) = Sin(r2)x(4-L)



cofs (i Y= %)
, t=v}

Y& = x(2) (S’\[S’rem te-non- cowoi)
Y(H (-t} _
‘f(-il: x@)  (System ision-causal) CENTRE
Qi) Y@= 2(Sint) | o | A
‘ =0 |
Ve =00 e
-3.14=2(0) @ys(rcmfsrnon—cw)al)
LY 4= [ =6H) ,£€0 —rpost

L@y, t=o *——>PQ9t

(s\,s{-cm is Ca.uuaﬂ)
V) v = oddx(d),

= (-2
2

t=-Y ks

/.

IR QTR IS -x(‘) (Sys#em is noo ccausoﬁ )
2

&
H T

! -
j -

M "{('H: Sigtrt2) -2 (4-1)
(Cotticient) ¥ PaSt
(Sy'sbem is causal )

-.M(‘? (’r) = f’{( )'3/’71@”

”ﬁ"'?é(’«!f@é&&{ié caugat)
H*JW ~x(t-+1)
[

(stffm?s foN-causad)

{.
Xy = ;&g”? x4

-~

(System.is hon - causat)

i
et
[t
k..,
=z

Wit vy -

[
. .
S o=

e, BB e Y e e



Q,;) Linear £ Non~dineqr S’b\ﬁsk’ﬁ‘) -

Lineqy - # A Loeqr sys-Ffollows the 1Gw. oF S'upear(aosiﬁoq -
¥ This |auo s Necessary 2 -Suftident to prove inegrty of

—— Syskm

¥ Tkis q combination oF Two raws -
@ Law of additivity.
) Law of Homogﬁhtw

—

@) Law oF qdditivity

@ —[Sys-

A2 (+

QY <

——

S
€9 Y@ =x(*j+10
- dp = ptio

4

Wi

B+ %)

LY ——vw= *nwwz(

‘WH— G ESTS N |
Y24 = "2(1‘) ﬂe—} (B +>2(H) +20

KCEE N FE N t1o |

MW AYWw [QYS 1s N

@J)tqw of H‘omoqehh‘y -
() — 5o | YW
PN

&= y@ = 24
ofp=/p?

—_———

k f——1e

X P—y _
[ > = kY@

v =X KR
x<+)»1~]§f——J—>EH-
et
]

SIVELEION

S WY -

e ©



Que-~ Check 4in eqv[HoN-Rineqr gys-
@y =Eiot) @) 3d=x(tany @Y= 2¢?)

SolN— ‘
. ) =Bl

el O acs)
%, (smH +m(sm+)

o) -

(4 f’""-(H

@————— (St + L Sin) ,ﬁ

-

_Nol’e—?
Lmecm’ry 0'( sys ls mdepondqnt OT—’ time scohng

A

=aa(&») 5] %H— v
= p2io) Y'=te (.Q— peint)
X =
B s o
&) Y= Siotat @9 Y= logt-x(H
lsoi YW= St

Xy — S

Bint [t 472(17]

o " i ;egfg‘ ‘: T
RS 14D Sint-xa(y

ST L“*%«f) -g-x,_(.g{::]"‘_? S"ﬁE"(‘H f‘"ﬁ("ﬂ |
Note:= Lineasity of Sys- s mdeeqndont of Coﬁnqcn{- u,Qed in gys

reloHonship.
2(H ——c——} Y(ﬂe‘hﬁ(—;—z\, g (t) = kﬁ‘n)rat'(-t-)
S
) KX oy Y@ErI@ g
= ]49),# Y ' - }4 ?}‘0#"( ( ‘U |
(4 |




o method > - T

For Lneanty - | -
W O{P Should be o Tior o l/P -

@) There Shouid be any "y NU opfraﬁon

_@3;9—- rm COS —f-qn, Sec, coCec, Co-]L L *: -
~ [logiexponential, moduluy, Sq, ,c%e}?
’mo{,.'..“ Sq(),swm() gf]n(Jet‘C~
et%er 00 ‘x’ or . ‘

Q~>Check Lin equ L 5\[ S-

L) i =xm 2 — P‘*Hf*oj then (o) # =e<o)+z~—>@
() Y= oW

> Bercw.Se of e*M it is @ % also both C’ond")
bot Qohepﬁmq

diy) 4t = 2(tant] —(Gnean) ;

°

) BEE=0), then Y(0)= x (o) mecms NO U/p 00 Ofp
i) qbouve $h is not operating on "¢ it-is operating on Hse £

’W' "f('H ‘f*QbE!(-b_l
System is @8
.EJ._L.FIHJ— 2(t=t) £ 2 (#+1)

Je s |—s ojp = pOQ/i/P + ﬁw{; yp

© Yt = even [xe)

o 10
Yo = =1 _{% -+
No hon-deneqr olaer-qfor 90

NIRTCE f@m - -

’*f% JR OJdL ‘
0 . 0 .e

Qi) gy = {'Je(?tou teo {ras+ t 4 o

(HY , t20 Firtupe U, 2o




Note= e
@) Tnieqrod # desvative operators qIe Lneqr.

@) Even § odd Opesators Qve Jineqy:

1t -
Qg tf({—] j (z)da Q<U Y1) = Reqfxc]]
Yt = J‘gg dt’ ’@ ' ' V(‘H W |
B Y4=9 |
@) - R .
® o) = et @i e rw=-1a
0 ) @. L -
- f‘ . Q’?‘ s ("
YS’() =el %) ne 13 Teye] Y =-b .
| R 34-;,
Ho{;e Reow tmqgmqry orem’rors are’ Nt
: Y&
(xi1) \%(\ﬁ iii]-. A xiy) J/
e @ e
o b N 1
Y= =¥ BEAF =~ maa()r) 4 when i/p 0 then we got
Qystem jaQUfEaRy systern. is - Ofp @
N A s UGS . |
(xv) \l / (X vy vsot]— (Y )
, L:l: >"’>‘f(+
. ———>% (4} .
L [ >XW ' - ——-Vgat 7
e ea e e L. : B e T Fo T ~ 2 - USQ{ P AP
: _‘l(«%‘\i@:]z(«w.l O Y(H = Veat-Sqa[2@] (0%) . S"‘—"VSQt ;
' -Vsc
@) Time thvavient ¢ time varent sys—
Tome thvarienk ﬁ
= 1 y& | .
24— 3 54= __'y_c_f__, dfg,/_ f L 1G-to)
detesy=1 2(t-to)

OF b s{sys Ly y-ay



Jote F}m, deloy pmwded o i1/p mwh‘ be re:rlleo,ted ) O/P ?Fozrq ﬁMe
. Lnuar\en{- Sys{—em .

Q ~ check Hme uwcmmf/ vawent sys
@) ‘{(+) =x(24)

Xt ———%©—“—>&>3—“* Y(~tof = x[2(t -1 7 Y stem 'is@'

_ 2(t-1s,
L—a@'—l—;@—_} _V(+)—? F(24) = z(?fliy

o) -

_(_g.l Y = 2(co s{—)

0 HLH” 7t(&’S'%

D V('f“h) "EC"S(“'“*OB ~° SRS

@ ’R(’f-ﬁ’o)
’“_j‘*@"" Yy = ¥ (mgfu System fg@ _

=x [(:,0311 fo]

Nofes~ TIn caseoF fime Scaling gys wuo be Hme uaneni‘
3J YeH = costx=(4 GJ) y&) = logt x(H
o> " y@)= costxd) | ———
X)) ————O)——— Yt-To) = o (t-to] 2 (+-1o)
2(+-+to) '
— OO0y = st ry
s B i ot = I
oy stem is(TV) |
"Notei= Tf coeptictent 10 Sys- nlahonSB:f is £ of Hme Hhen sys Wil be
hme vanent:
69 4oy = 0dd [act]] ©) Yoo = s (4] o
ol yey= 2 ) Y= @ +:e”3{+) .
R 2 -
T_fme S(‘.Qﬁ!‘q(} Tim e scaly (“‘]
.o (Tv) - o

3 b i 0 I LT



;‘::‘ -'A -

“ SO

rS

) i Yot = 2 G- (L)

5. S%qbyuqsfqbie Sys =

—— e i

. i) y= j %(z)dz
SOI= Yy m 2 (t-1) 2 (D) R -
>// BTN = Crr e
' No scaling - . - '

Ttv
- éogth’cjg:)t Q{Q i'nd&_{oqqdqq{» .' - AR e e e
- CF Hale €O TIv

1v) ‘f(%)r'[x(z)diz @O Y= TCOS‘C(@)&L

Y= j oc(ud ’e(wc[z vJ sol% (44 ]' Cosz o((udl;‘)c*mh(
v
o) "m T
-95(‘1““—) 'tz o0 .
, N 1.
pselts = ol (1) + o) 20+ Y
sphit sx;si}ems. qre. Hme Vg rent Sy Sk”?’t ° |

' Que~

__g__ Bounded ¥p qre uel, de-signad, sm+, costs g9n(t)

]_—_“'F"’?‘R} bounded in amplitude’
Stable~ Boundeg‘/p bouhded S/p ( BLBO) coiteny,

_‘BIBO = For stable sy.ckm Ofp showld be bounded 0T Frnjte For ?:m’rt

©) bounded ¥ &f each ? evedy instant oF Hime.

ue.—> Check Ste HQ/Uh sfqb!e &ys
RIGH
G Yy =%(H 2 @) Y& = $x@) @) Yy = S?iﬁ-
x4 | Y@ (4 | 4@ o 2 |y
10| 12 R - S
) .~ . 1ot 0 =00 2 _SQTQQ:OW)
Stable) (Unstable) (Unstable)




@) Y = stnt2)

Q]
. __3{(+))'1 H.) B Y
(smu)

L YeH = fve(wdz

-0

SO yey = slop ) =@ Yep
l | 2 [G22)

Loily @) = u(’r)-ﬁbounded

V(-U ‘(’H T N(—U R

LUne’rabIe)
@) chwwdz Y
;Sﬂ;“—”- Y = stz X(z)dz
X()— Coet-= bounded <ig-
RIS =.fco$z~cfosz¢z
= fCoCth‘z |

jg& de

AAAAAAAAAA e
[@9 +L7Z

50 -

o e

B2 408 = Sinfa]
- Sojts Y& :an[}(nl-ﬂ

@table)

@ Y= d=@)

Jt

Lo sy = uw) —> bounded

Y(H s— Ubboubolcd
(un;-qu;g} -

(Unbour)ded)
Q)nsfqb!%?
NO"Q =Te} 'ﬂ"e itnfegmhon g2 du—tgrrnfuohor) Q'_(]DG,U are Uns+ol>"9 gys-
Static| pysamic — D+ I,D,Te £ TS ‘
.Ungr/ N - L I,0, €0

~t—

NL—» RET .



| #Uinear time {nvanent€111) System —

2Hf— QL;;I B e 1672 o

g
% htH) — Im pulse- Re&fi_gce» o;:é sys-
I

4 * IropulSe Responte 2 TF tumg are tesed onl.g for Lpr SySthm
? * ImpuSe Responce is Used For defining LTI Sye ) ﬁme.dommo_gTngQ

~ wed For deFining LTI Sys- in Freg domain,

| _JTmpulse Responce—

L - . : > .

. -h(‘*j,. ..‘~‘.~'.‘,
*If- Yp to LTI Sys- s uait lmpul;e t+hea o/p OF S .
P OF SYs s khow S
Responce. . . Hag fmrpuue

L]
[

f Transfer Funchon—r
: *Tt is the vatio of laplace )(]T%mq of
alt tnitial-condd are qssumed o b

Sfp to Loploce X;*om) o;? ¢/p (Dbeq

~

€ 0.

Hes)= 76 )
XS | zers tnHat Cond"

Zero /p responce + Zea-o Snf-q,f.e_ g
O (’O hCQ
Fotal ofp= 2R 4 ddp

C{Ll.e"-ojr — ClLLQ‘f‘O Qf’f—h@d

Unidad cond?y ‘ Yp
States

P for Lineanty 01"3' &%&44mhc& cohd ¥are qgsumed to be zemp,
Nen- zerp iniHal Cond” Make the €y < Honh-LUnear, —

Fotal olp=

becq u,-ge ”

CGt)UOJ_uhOn_;
. \/:'k(-f-){' T b0 Y =%l '*h(ﬂ
' hif)=v ‘
¥ Convolytion |
Lr1 8\;;2:” ij q SlmeQr Hme inveneat opergtor £ ifis. wed 0‘7(‘5’ Tor

[

b - $(w)ov) H(s)__; TF-0f. syg C e



V@) = () K hetd
Y = f h@@). x(+-3dz
2 The above relaHon is bchh Sneqr ¢ TIV. So itis UTT S‘ysfem

I'Conchhon iFo:r LTT Syckm 1‘0 be static —

B=kx o
b(’r)l‘l(«B lx(+}=£(+ ) ey

Sz

S
C SR
.

T e 'J\H(toJ

==,

* Tapule s(p) is +he £h whose aly Xroem IS One.‘ o -
* }%rg-}q-t.c LTI System, meulﬂe reeponce chould be tl'hfu,@& at-ongin 2
TF should be indepandant- oFf Freq

_Q:~> check S[p LTT sys-

dy b , 0] Aﬁw
{z | { ;
AR : > 7t

’ i
iy hp=uh ) -E ﬁ
(Pynamic) —=
Cd'!mq mic)
@ e | W Hele 1
State (Tiee of freqy) S+l
’ : dynqmic)

# Fitere are dunomic svedem becaurte there TE Aonands an Bm



*

# Cond® For LTI System to be caudal —

0

°

-

~,%‘=:m ->_kh(+) > Future Upo - B

Y = [he)z4-Pde
J;z.:-t

h=o0.4<0}

|Que> Check ClNc LTI Syctem,
@) h@=e*uy

@) heH =utt+y -ult-y
. ha(+)'

1) h@= Isint]

(cansal)

-1 T 7t

(cavg0s

h@)=Isint

s # CondDFor LTI Sys- to be stable =% I impulse Responce of Lﬁ S\js- is‘

)

i

PR L kN on_cw O.ﬂ ) : TR L e | L . R R LN

i

Stable. Ce.

absolutely ioteqrgble then syo wild be

| yth@}-ldkw

°

-2 sd’gg«a IF jmpllse reoponce OF LTI €ys. S repeesented by energy signad
(o¥) unit tmpulle £H dhen sys Wil be stable.

L€ h(t) — Enesgy / §+) '7‘Sf-al‘>te

C ke



—— e e —-

Que =2 Check-s|us cystem-
@ b= by -uG-y
A h4)
r—-—l ,&
(Stable)

: ,F‘hc+)=u(ﬁ

¢y

Q)ns-}&ble)

—

[ TSERY
) . S

Jw
ﬂlf_; .
Pote » $=0
. * morg‘molyhs{-qbte

* b =uM) —> Power &1~ .

(Unstqble)

Tovesse LT

Y&)= f 204 d‘t]: Tate g ;’Qfozr
2 |

According $0 BIBO critenq:i—

@) b= &My iy

..
. "
;’A- _
: S

)

e G
v) htt=18 ; |

e S W=y

- $%41

< Polef = ¢, ;

- (Uhstable) SFa

. ¥ Becawse o imogingry
Anis Wing co it fis

iz Mergingyy efqble - -
¥ faste

h4s =iin'+uCﬂ -
Wnstqbte)

(Y =ult) =bounded Ve

¥ei) = fuwdx_ = et

¥(t) = Ynbounded gig,
S0 U {s Unétabte.



‘ i 55
b!_,otg' '9“ ' LTII SYS . -

# Distortions tn LT Syetems —
Typest— (i) Mognitude/ Amplitude distartion
@) Pelay [ phose distorfion.

Noteo—
y—s .&‘,‘s' Sys " yey= x4 + 254
I£ (H = siawgt then y= Cinwgt + SINWet
- N = S Wpt + L-cos2u,t
NERE: o i R TWO e D02 L
@ e oy p)=
' sys Y =2 +2(2t)
X(H=Sinwet Y = Sloudysinatogd
‘k ’ U;)o : lDo,lLOO.

,Q‘%. :

r production oF harmonics, nohm of Sys shoutd be eihber N L Cov) TV.

l-

€3} mO,gm’ruale/ Prmg-hhlde dzshrrh on-—r I;' cys: provides Uﬂeq}mﬁ amount

.- e Of ampliFication @9 athevation two
e Mm compononfs present (n ifp SYs,then sysTis having ma?”'hdq :
§11$11>¢00 A

C T Y = A st + A4, Sinwgt

AFhe

|~ =einut tanag
B FW0g

ra}

Detoy (ov) phare-distortion — If sys pwuides unegual amount of Hime

l del loys fo dift- Freq. Componants peesent
Y i/p Signal then sys- (s kg ving delay ©¥) phase dj storion .

~
it




°

56
| - - LT.J:-_-,.AA : N . Gam— - - -
= gy, [T W= Sigwi-1)
8\\(\“0(""‘ g\‘nwf.‘- + &n[wz(’(_%]
| ’Q“Ol F12) (tl F12)
—% Cond" For LTE ?VS»"rO'b&d"':S%o)%g!ess—?-e o
X ———y (T '———9 Yor = exCite).

= k&in(Wt-to]] +K Einfig(t4

[y == ()]
e TN &Y Y 7o PLQCE'ITthinmoiFabovp qq}? ;* A g '

RCEATSICN Sto
(s = Y

. xSl
= ke?sb
(S =iw)
o HLiw) =. e IWTe _
|H(w) =k /809 = —wio

.f = ) B \‘ ..................................
* For distorHontess tTL 8ys-» magniude oF TF shouid be_ mdepot»dqn# of
an, g phate oF TF Shouwd be JUnegy.

)f_])ifgerchhhl eqh ﬁr LTT 9\,{3.—;-

© CHT IR Crwe

aQndv@d 01 .
L 4020 d" vy -
4 R AL LA & +Qoy )
F . dt !
° = bm d‘”’w(«f) bm |d *(’U ..
o d+m~

- 4-bo %(H)



Jor Jneqnty = s o -

Al (aitiol cond™ showld be zev.

Teme- tnvanance — | |
Tt oo Coqt{den{.s qn’gﬁ-" -_._ . ‘vqo' bm' bm—‘ Tty bo Shou-ld Be {Qderon_
dant of 4ine P e

,g;g ~ Check-Hme (nuvanance $ -Qtneqn’r‘/ 07(1 sys Clmhoi chd’) qre ZeroJ

EE
2) 2 +)
@) 9 dvﬂ a (+) _
2| T 3S® Ly -xc+)
» ﬁnS"" Q’ L’ TIV
“ @) L, TV

3By W L, Tiv




