2.1

qui'C 52.0] iLer Ce "

(D The UWnit Sqmp!—e_ Seq uavice.
O, n#fo

5Enj=j1,n=-a h °

Called d.‘scre+e fime impufye_ on on/j ;'MpuISe .
ﬁr?j arbi#’aj Sequence can be represented ascr of scaled,.
delaﬂ ed impulse. For example +he Sequence p L] in +he

-ﬁallawinj -ﬁfju,fe; N
o }
[ '.._.. 2z Z . )

-t -2 o 1;5‘}6":? 1
pLnj=a-3 {[ﬂ-}fj—!—a; C’S’Cn-{]-!“a.zé’[:o—zj'-ra?cfﬁn-qu

mMove generally any Sequente can be expressed as:
o
{0n) = ZxCK) SCo-x].
kz-c0

@ The Lk 5’LeP Se.que,nce is 3;’um bﬂ

linzo
LLD’J': Z O]n<0

e JITIT

LLD;J-: = J[kj ]“)Tm Value of unit step 549, a'l"Gs}nc) Index n
k=-00 (s equal fothe accumulated sum of the Value
| at+ lndex ﬂ%nd all previous Values of the _lmpuffe. chu ence.
% AN alfernative representation of unde Stepjn terms ofthe impulse
" is Sum of delayed impulses. (rion— Zere Values are all u,mlj)
UWen)= é;gn_') +Sn-17+ -SL”"‘?’J - .-
Winy= %O 55}0—9

i

Coﬂt/ef‘se.lj,ﬁe, ;‘M,DédiSe, 5@9%&!’75& Can
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be expressed as first back ward diffarence of the Unit step
Sec‘ue.nce:. .5[;4] = Lé[nj-—LL[n.-i_]

@ ekfoww#:‘w( §e/amé—s //m/ﬂar/dw/ fw repre}mfﬂg and amggmﬁ
(inear fime- Inyavaut (L'Tj_) Aiscvebe fime $yztesns ).

’Pffﬂ_} = /4 Xn
ff/l ad K one ol Hunthers , Theu . bogmtn 15 reLl.
AP oK<t omd A is Posihie ;, (s Sopscncn Values ame /293thire
ond  Jecotase  with /ncm»m;j n-

< K\Xj'\n““ -

A For Ao, The sip ks attEEEeTy alterase & osigwm, Bub
Selvesa n mognbuds  Wwith Incrarsioq v . IF (ft/l 2/, Than Bur Sap -
ﬂ.vow s (w maryﬂ'!v& o M Increse.

’@gf%[e_: C;mipm;‘wj Basie S gperonces
we Wenl aan ef/?:mwﬁ;! ;‘ymﬁ- M ::W ﬁ\/ WCO,

_ Xﬂ, 5
%fn};)j‘A ﬂ?’
o , nge

A much  Simples e,(}m.m}» w 2n) = A X" ugny .

) Susidad  Sepcenss N
y y P S?'ﬂ'f P (_,\”Se 5\4{2!-

A
/! .
=Ll = A Cas(:_,uum A CP) ; _Ew wll (PerroJa})
UV\/‘-M/ A and C(S e veal Constanids. .

J)/////lﬁ”[ [ U"A”U n

TP

b-)o:ﬁ/ﬂ
1
P--Z
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% The efﬂam/dnf ;?'W /49( N Complexx X \Mag veal omd
| f”‘«,jimvzl parts that ctve e«rpotmem‘mffy weghicd Sinusieds.

dWo
!‘FD(::ID(\E and A= /AIJq).-
‘Ha-g 57uena¢ AK” Can be -E/(ﬂwﬁz-j " amg bf"t\'\t Qa\\uw;‘rj Eﬁ\rw\s:
wen

& .) s
>y = AXV\ = lﬂldﬁ p(l N ;JE\/
I/ql lﬂ(l \?w \a-t-q)) e CgSCX)*bS\n(_)()}

AL )”
AL v i\? cz:;(wom-y?)—\v ﬂllﬁ(l j‘m(wm—f-fj@

o

# a5 K\ S — Sepuenc oyeillvles il an Qk@é*\enha.% 3roww13
Q\/\Mola{_
ﬂ;( t"(\ < \ ‘57’ OSCillabes ity am e;mc;omi_fdg ‘Jecuﬂl'ﬂv

evw\e,{.,ae,.
— s Simple Cxample , Considor o = 77,

Whew B («l =, the Sepuenc 1S refeved 4o as =
“ Complex cxpaweﬂif,/ﬁf.!'.

j(woned)
xin) = Al e = [Al Cos{(Lion C?)—\-\) |Al st (vam e ).

# That (s the veal aud /amg.n’my Pevts & Jétm Ny siwus-a;.?m\ka Wik,
n .
e 83 am\\oaj wih  adinews - hime Cags , Wo—> Called Sc)«efuemfj
b Phose
N—> Jimension less /mle;,v- ,.,7 e 15 1n VYadiaws -
/& We  Con sgemﬁ’j Ha it € We  to be Vadiaws P Sumple and
unit st (M) to be Samples .
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S The Lact thet n s Awyﬂ' /m‘?w " <7 @p) lesds o Somwre
lmlyo(fanl— J‘fgem&— bebweenr FﬂMiy 6£ Comdiviswg - Fivme avm)
diserebe time  Camplen e;qaoM:;( Sapriisilas ol Siuusords Sepiwece,

/434 1”‘/74‘4"“‘1' A{‘P‘ﬁg% (Si\du59|‘c\5) 1y Steew Wlhiaw wie C"“'Sfeb"’ aq
'?V‘fu-w-cn CLAJa -|-27,r'_)- Zn fhz; Coase .

J(Wo‘f"lr/)n A

e ew.n;)éyf'g e
- :—AJf- = Ae

{p/ Cami/ﬂ/ek %/omé?.( ,?W i ‘f"‘}’wﬁcs CW°""227"".) / s
in’f’jﬁh’; Aanrt fﬂ-cjl's-!-;v\guijhafa[c ‘?f""‘ one awethe. - (S’ame ‘QM
§t’ﬂws’a{¢);) .
>0z A Gs((Wet2gv)n +3)
= A C«s(w.,vﬂ—qb).

e Lo, e c:pv\c-{uﬂ{ Bt Whe At‘scuxsma Cormgzlex ex posnenttal
51‘3\«@&(; L) = AJem ov Yeal Sinusoided signads
> fw) = A Ca5(wan+C(>) , Wt Veed 5“\3 Cons dev -Em/uen({f_j
iV aw im%-e\/\mﬂ Pz l‘eV\j“‘Lj 2.7 7 Swuch as -~V & W S 7 oV

S e g 27 -

A A rsther smportant difforeac pohween Conbintious. hime (CT) and
| 1) (sCrete - fimne (DT) i x m ‘H\C\'v‘ P&'ioé\'ci-\n .
— I CT Cmge, Cow\flc-k e.xfaﬂefvt'f\'z/ and Sinusiods ave louth
pe«:ocj(c_ Wikl Pevied e/u..( te 2 /P ( T.,_%{
— In DT Cose , ¥ /91‘3:":‘041& je/—ru-e«té- > ;::/vaanan -?w w\nicL,
W = = lvuepn]y , B alt 0.
W hene ,  the pev'a‘aA N s Vlecws«w:"/ i /m#gju/ .
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Ao TF e dest s Condihin B DT Sivuserd | bhem

A Cos(ldon+ @) = A Cos(Won+ WiN +¢)
W\A\.ch W/ s veEs 'Hﬁﬂc ;

LN = 2 7k ; s au \wleau"‘

onn
A gamn‘h{?j For  Complex exponentnf Se. C C =D Periedicity winy,
Pe({acl N ve/mw: S
on (Vl-t‘N) J Wew
e . = C W\Mo{a \‘;- lr\rl-»u:

ov’l\j_ Eo( UL)aN':szk_

M Cown _{ffucﬂﬁj , me/efx ?Xfanmf,;,(’ el Stuserd ad Sep tuprrag
ave vio | necq_;an'/y Peviedic In (n_} with, pevia 4 C % ; cmne
cje/cvfél'va on the Value 5‘? Ly V"‘“&‘Mi‘ bﬂ- pév’foc] c'c, ab al .

‘ Peviodic  and Afericdic DT sep-
[ R e,

\f\.us ot PEV\'DA..KQ N.—-"& .. 7:’-” Sl’low f'i’“j .
(e g) = s Tlneslfy) = C’a-f(m%/f' 27/ "”C"-f(”“/qj
= X (). -
..‘ %w} ;aé‘.f%b;na ‘HAQ AIE(’V\(‘%\.&W 5% DT PW§°JL‘Q S\:‘i\f\«f °

C'o;('/?’ld/qj , Th s S tqnad

LT = Q:——?% (Vlo,t nf%ar;‘{] houe 1 DT) .
% >z (n) = Cb_g( E%ﬂ) Mas a \z\ia\ﬂ,ew @afueuc:, e Xi(n) |

Howevet, ¢, (W) Us  wed Pevicdic Witu pevixd X, <Silwa

X2(nes) zces(zylnts)/g) = @5(3/7}4/3+?27j=*>¢1~(w)
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La(n) \/\us a FW'-"’A tf'? N=(£ , Thies /Mar‘ea::-"{zj Em/' }Qom L&
Wo:% Ffo  We = __35: so  [NCrnsse f’hf Fﬂn‘ac\re [be Siav\.w(.

¥ ﬂ“} OCCiuvs be(am 97’ s‘bnqj, ave c)egw-m} D\/\b EN M-}ﬂgu/.r
|vdices (N).

# The I.M-l-fg,u/ vestvichon on (n) Caiges Some Siviuss’dad S!}jy[‘y(:
net b be peﬁoéﬁ; at atd.  Fov é’.xam//nr., Fhewe 15 Vo Integer N
such [fhaot  He Signed AHzn) = Cos(n) salis Fres
Xe(neN) = Xzn) %{ /a7

ﬁé Htj\/\ amd  Law Eﬂf'uen(“;. cwee .c)i@eeww Lo CT awd DT
§:‘mu5m‘J.J ..(_t;jvw& amd Camplex ﬁkﬂ?m&d'{'{g{ g‘d""‘é‘

— For CT Sivugidal Siguad XAz Acos( o+ ) , a5~2
(MCveases ; 2e(t) Oscrllebes WMove I/Ezpl}.-ﬂa. For D7 Sivussda! S iguiedf
Xny= A Cos Cw°n+z:p) 7/ As We lucyeases 'ercm Woz O %uwa»rég
e = m’ﬁ'/ >l OSCGllakas Move ond  Vhare r‘qd?;‘.gllj - HOW&WCJ as
e \niveales 'efom We = 77 towavd s oo = 277"/ ey os5Clation
be(:ovn.t._g Slowev » Because o—Q-k\«\.-c ?Efioéit&j v W 6& Sinsoidad
cand Cam?hx ‘e—tp~ .Sﬂ/vma-s, W, = 227 s lud&s‘ginshi.s\vwlole ‘\Z'am %‘7
Ws 2>, and wove 8&»\0«'«1{3, ?V‘E?'w&acu& cvoums Ld, = 27 ave
[nSiskinguishedole Lo Reey sencrns AYound Wez .

X ,4; A c;n_c7uwa, -?w- Sinucsidal o Coumagles axp. signeds
Values 52 We (v e Vicih{"cj bl‘? We = 27T k -euwr oy \ntego- & ame
{':jf'\cc.ih V‘QQ‘QENA $o ag [ow %N/uw.‘u CS\m,a a.scn’\km..’h;mD,W'M'l{
Nalues sF Wo L e \licmi{j QN P

= (7].[._2)7-/4) %w cwm‘j \W\ng
K oave tReved to ws igh Creguencies (rap{é DSciVabion ).
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2+2 Discrele— Time Systewas

X(w) __-————aL'T'[} 7 Yy
\g(v\) = T[X(V‘i)% VK 7’—-—9’ S‘ﬁS“'t\M 7\?4%5?5(%5”
M) —2 Y6

veopedad Cages )

%- /l.ﬂf.’al/‘
S 5\’“94 ~ Davaviant 6" Time — [h'\/aﬁfﬂln"‘)

CT— L7Z , pr= /5T o L7x

<

| 28 =citm)——= 9,
e L (w) —2 Ya(luw)
Thew, . aze () + b X200 ——= AY () + b Y, (W)

A /)‘ﬂeaf- Crﬂ*"él'ﬂwﬂ'(hsﬂ D{ Iﬂﬂm‘x pfe'c:‘bhc.& %\&t Teisinde Ql‘h‘euaf C&mb'\w«.){‘\ih
5@ Haa C‘owrm_;\?n\a.n)'\y\a- Dud puds .

a {au X (n) -_5 ZQK \j\c("‘)

;‘«(g& — T vaviawt CZ’V“ TTime — 'lvx\rwiqwk-)

X On)y -—-—-—-—-:33(_“)
KMy —— o Y(r —\aey .
20 we SWRA fu wwquk Sees tw (n) , We alss s\l sulpuk
$o7- 12 () (Sume amonk £ SWR).
L9
TUT\«Q( W\Q) CSZU\) — \(\(\A‘) (C_ﬂlttb Ltk Qam{le Veﬂ‘pm)
gc“*k) ——> M-k
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[~41

tl'\dcu ; Towe- Tavory
g ~ (L77)
2
= i)((}z_) \/\(m _-k.) \ej Pn’oe/n"rd /f LTI .

ez —o0

—Ea\/ L7TT 5351—:»4; s The VRS Ds 1S, 5@ om  awvloitya

Vi
: 53_5‘{‘5”7 et b—t. A-E?evm:‘naJ lﬂ& k\qow (‘m;& JC\M\. Y*E:gﬁow;( 51
andr fam//e, we Can Congdruct Y.

Tuis yefeved Lo Cownvolutign

éX(k) \f\(\r\—-k)

fe =00

V\-—k =Y y, e = i—=v"

Suw

1l

3@\)

3 (w\ = g Xn-v) }/\(Y‘)

:-‘—'> 7This means M e syrfew S oesw] P eticaha Cane Whad
we  Call tnpuk to The Sugkena and WALAE  wir

Scomple Vigpomce of tun Tyctem - =D Covvoluhsy &

—> Cawvolve
(- e. Yoy = Xy 2k \/\(m)

= W % K
XY —f W) sy

W twy ——-—4 X (wy l"\—) M n)

“Thig Im//fc; Bt v LTT C’L»;Ca.go-c S shena the ovder 5?\ e
va;Cneg-tJ S%Jcem; s Viek ;mfw}aw{.

CCuvanh akwe
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X () _.9\,“@\3 ' \\f\'a.(n) —> 3(@__ .

Syslem Vismonge. ty hlfﬂj -k l/\.‘L(V\J

Xn) ——3 Wl —sl Wy ) - Ym)

Sys. vegpemse is hagr) 2 Wty = Wil aé\m_(n) __

EKamﬂ/eef Tdead c\e,(.aé] Sy tem

Yon) = ')C-CVI-—V\J) L, =l < &

N3 — Goustand ﬁc’fi'!'ive. fﬂ*egu’w’ / Coetled 't Olwfag O'E e S4s.
[-e. shifls the Inpukt Seg £ The rgght '@ Nd  Sawsyrles.

J? nd g f?,',(eé l/lfgob{‘ima lm%«eg,w:«j) shifls lipzud Septcemin to
Hﬂ.‘e {f'ﬂ' bj IV\J/ fam//e_; / CarﬂS/Wa/tJfﬂj '%D <2 1‘:}441&, RIVan o .

—Exawnge_. s /\!\0\}\\1\% Svevole

{
Gy = —
RS Mi+ Mg+ E xX[n kg

k= —m

l
=z T v {vau-Mt]+B€[V§+M‘_(3*,“+Xﬂq}+

XEa-i3 et X n-Ma]|

¥ For Miz© , My =5
Y2 = %"[X(’-?.)*K“)*— X8l X))+ X(3)+ xcz))

I 'l’é([}(fi‘) 4 )2 +X(5) + X Ca) £ X(3)])
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%/A\/\wss %g'{-em;.'

A Sostem s vefevred o ar yemoryfass i Awe oukput I ab evevy
| Jalue F v depends gny on the [uput KM] ot Pue game Nalue =2 .

2.
;Xﬂ»tf/e.‘, Yln] = [XD"]) J "ﬁ"" eachh Value G‘Q .

Thes s pnem svgless Syshoon.
= Whal & abok  Ldead D—el_uJ Systewn ? [V\oucvxa Averge %SM?

= When  ave "\\Aeﬁ \Mewava\-ess 7
(ndeo ond pi=Mazo) .

f}'(amﬁfe: Zl'mew 5ys e (//4 Ceeemit lator 5g5{;@nﬂ”
Yrnl = é < [iad
kr-_'ﬂo_ _ -
H oudpuk at  time Cﬂ) 1s the Suwm S—Q e Pf‘g‘.m{' emé alf ?4&]: .\V.\.‘Qv.}v
5«:»'://&5. .:> ﬁct’umu/[oﬁ/ Sass- s a (dneeov Sucdhana f
Prest: . | |
% =< [n] and xR awe o ﬂ\(‘%i“\fd‘f‘a lV\@w\s to the System .
ﬁ/ ﬁe,'r C’om_S/OamJ (vt.g ouo/ful; N . A ]
U‘an S %xlm{g Yy }j-,_fn’}; é 22 L

=— K o—ee

= \/\/\AQV\ the \wpuk ez (M= ax gal =% B X2 1n] / Hie $“bawﬂ9°5"%‘:’ﬂﬂ’"ﬂfa'lak
Veraires that Yslnd = a Yy, w3+ b:j.,fﬂl Roe ats joossible Cnolas R qad o

-—:? Y (w) = ?Dﬁ:‘ L2

= é(qxlcm 4 o Xali)

iﬂ-.:-.,o

4] t '
=4S X + b S Xl

= —eP | ]
= ey (W) + byYy,(n)
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Lxample’: A vonlinear system
. W) = [03( [ xew] )

“This Sy.stem ‘g n;m/:meaf ?? Prom?
¥ Tp fvwﬂ- ths we fmnb Need 4o -Em) one @qu'&r/‘%myﬂe.
Xme=l o Xa(m)s o
"'> Witnd=0 , Wen) =]
Now,  sirce Xalwl= Jo Xyfm) If sustewt i /m.g,.r, i sk e Mk
Wafn) = 10 wifn) . finee Thy & it hue £ iy seb 68 mpuls ﬂv!delfu{s
S the System s ot Aipear -

> s A ccumelatoy Systen Yn) = Hix(k) s A Time-ZInvarviank fg_r.?
k-—-—oa
Pk _fet xgm=2egn-ng, 75 show Sl Favevinat , we salve
Lo Dotk Yyln-n) and Y (y) omd Compave Ahom -

n-Wne

.j[w..-;.n,ug. = é X ()

ke —co

Yi(ny = 2’“&4)

k= —o0
n e

= Z ka—ﬂo}

k= o

Sulos-l-i%-u’tina‘) C-\’mv-gx esg .‘\lav.fq\ale_; kl = kf“, l.Vl-fo 4119- gummAv{':'aan ﬁl\}&f

V\—.Vh

Yz ZxCky = yln-w)

ki = XD

T . 'ﬁu} ﬂ((.umw/aﬁ?/“ (_:;. & f,w.e,.. /.MV'A:/J'«»!- Sb_&\‘eafv\ .

E)Cam!ﬂj—) ”COMFV‘!S}OV %J«}M” Net  Time- Davaviant Suystew.
Yn) = XLMnY |, N oo
Ll M o PCJSQ‘\-\\!& T_.V\'\-gé).w ) ’I‘b A\‘sCaMAs (M—i) _S_afm//ﬁ’.r Ok {-f M
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/f,,,t Yo —s> K)y= XTn-ny | o |
Tn ovdev 33,« System fo be Time~ Tavaviant , Fhe sudput ob the 2psbeen
When e lagut is X (v} rmust be 7«0{ fo Y (n-s)

Yiln) = Xi(Mn) = X(Mn o)
3 D"'{ayiha Y I@ N faﬂr//es 9«&.{\3;: - o .
.‘j(\n-.m) = X([V\(Yl.-v‘lo)_) .
Cbmfaﬁvlz .H’?e.ﬁ- +Wo ouvf'ﬂwl.s / e See J(n.—mg ié'\‘_j{(vlj ?;ra,(/ /V] MJ
Wo , thedla— +his Sustem 15 110 Time— Zinvaviant .

S A\&evmlciua\ﬁ , W Caw Pvove vy .\aj.E{“§;w&. one  Counber acame.
When Mz2 + Xlyz E0) , and Xw= Sln-1)

For Ty Clhoices GZP mputs and M, _lj(vl) :g(n) y but Y=o

thes, Y (w) %j(nfi) B Ahis Syghem .

-

)1& /[qwb-- -Aéé'\\b\und-g C\or'{,f‘l"\fd!'ﬂ’\b: Cauj&ﬂ'fj ﬁ“J S‘l“abfli'b .

xew —T § = 9@

éenew/(f j.(w).:: 7/){:[@
L77 | Y ) = éXC;L)h(Q,Q)

ll-.-.-oo

= = W) X(nowy —» Convelubion Suwmt.
le=-co
% Skabilitn . ) Boumded-Tuput RBovuded-ocetynet (RTR1 . o
Geneal ;. Z€ X (ny Wownded, (re. | X < BxL o , allb)
Hfleﬂ, j(w) (s bDMMJ'&J \.e. \v(v‘)\ (@JCOO all (V)]

#4_7_:1__-" i! \rl(k)l < eo (dbSoth(j gu.wxma.lo'-e,) L

e = —&o .
e-3. = 2” Un) —= Unstable
//
hewy = (1)1 win) —>  Stable
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= Cau;;[,‘:’j : jCM) ,}Qa\f Vi=—= W, c\'@!?&»’l()r on X (n) pf):/j -;%f vi€wy

C Y\on-dnh'c:}ya'm‘e %5+M_)
o LTI: \amy=z=o0 , v <o
Vighi- g.« Negatieg ¥ .
e \n(\n)——zna/nﬁoﬂ . j tom , Sabl
= = - Vion- CaceSel” Sigg ; SAtalle.

?';2—-_33 Fovwewd D Perem Sstem
Lj(\«\) = X(n+1) = X(n)
This system (s nol Cousal , frnee the Cunwent Value c’?“Hﬂ‘Q
30‘4‘/7&# AefamJj on a ‘P‘-L'fum ‘\/a.(um-FF Mpu,ll‘.
M () = Sn-1)  and ez =0 =
Hilw) = &v\) —S6an) o Yoy = . _
Noke that >em = Xat For ngo 5 5o Y =Y Far igo
Whidh is wa 8¢ n=o-
= Thuws , kbﬂnj Cawn—u‘wexamﬂle_/‘ﬂ'uj syustem s Aot Coruesal -

l

Sim \e. TvdevConnechimm Shewres &

% Two Cowawesw Tcheves ave. '—‘:&J o c)ew(ef @am//ex ZT.Z' Sss{fem
Leomn swele LTI Suychems.

: A Ca_g‘ Ca cQQ Cavwne thawn
——_5{ W (\o\)ﬂ \m.(w) —> = ‘\f\‘l(n) W (n)]——)’ f—-} ICAY 3 \\t(n]i >

C Covanmmun \akive P\m@ﬁﬂ”&j ﬂsg Qmuo\b&ﬁsm)
Wy = W (n) % Walay = Wa(w) %) .

’# Ca_SCa.c&g Cff Stable Sucdemas Us  Stable, /it‘lcewfg& The
C&jgﬂ& ate ?455(\#@. (Lo_g_s/e_g_g) jjg-}ws is adso Fﬁzs’.s{\‘}- (Ka.ﬁ'féﬂ‘),
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s An dmft'avﬁah cff Cascacle  connechion Scheme (s c}eue}(ofwagg avr a
“Iwverse Soflem | If e LTI Cascade Sustems ave such Fomb
| W) @ W) = Sa) , Ther
\m,(\n} is fthe I nvevse JP '\m-(n) , anwd Vi Nersq . <o, ZP the mpgut
ko the Cascadled System (s 2e(n)y sk Oudpud is oo 22(n) -

&4_%3 ~The smpulse Ve,/(/'ﬂmpr- Jﬂze DT accwmntets Is the
(amdt S”cef %kﬂn&/(ﬂ): —mv‘ggﬂc /él‘ha [viverse Sy tem i/vzug—l-
5#;5{5 the Eondikim
| Uy #* Y = S
Wat) =0 for vico  omd

)
ez |, = hall) 0, NZI
L::O
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