YT
= | i U“ jT"
- P
TNTRO DUCTZO A
| Ocfiorhon of Signall: A signat is a physical gty et ases wth e

——
————

space, of othe Y “S.n{dependen’f"\/am)ables :

¢ S'ignog Can be —function of one oY move 7ndePendefr1" Vaniables .

i 9 o Jiﬁnai depend-c on On}7 one Vamiable ’*Iher) & fsmgunige C
[ dimension al &ignaﬁ ,
I

{

F%: AC Pow'ev'efumily Qﬁ'naﬂ and . speech ;iﬁnaﬂ, .

% a agnal dePends on Two 7”)dependen'f‘ any}ablwl-}hen —the &fgrm& ¢

‘} knowon as o dimensional \anaﬁ.

|

H

| g xoay dmages
| TThe Speed of wind and aiY pressUYe o A Uneion of '743031 “lf)deFetheH-‘

ii‘laviables . lafifude, IOnﬁHvde, oleyadion and Tfme . These TYpes of sfﬁnals

afe known o< mori- dimensional él’gnal\s,
- Fromples of signals

| e : '
i [ Feech &(o/naﬂ
{

2 ECG é)@nal&
3.€€6G 558601— .

|
I
| Classtfication of é’ianak
'l —_— = = =
| Hal anaLs

1. Continous ~time picevete - time and ng
fine d for euesty Csnctart

Contingus —dime gsgngls ) signals Aot ave de

of time ave known ac  Comhnous - Tme Qanalg,

ey ane denoted by 1)

|

’z

{ . : fﬁ' &%-
\i Discrete Aime Sgnal . TThe &'ﬁmw hat ave defined gk discrete nstants

i | Hime ove knodn o< dsorete
< OMF\H\JHQ and disorete i

_Hime \granal\;; T

: ey ax
Conhinov n fimé ] 4
denoted by ) -




e &
] i{.;j%l aff-,ou “The 'ﬁlﬁ"ab’ ‘that one decrete in hme  and Guantized In

(.unpl:-fudg AL d!(y:i‘a! «C;froau,

~7  Ltetehy “the cortinovs Hrme (g;arial 1) - pe fn an ‘mierval 0L L Lample

“the (ontrovs _fime signal tith G wrﬂph‘na petiod T: o0 wsec and  Setr,

“the diccrete —Hme ~5Igna’v

o, Guen:
'1{“” z 'ﬁemx
1o <Sretch he fignat we fnd e Vologs of k) fon differertr vabes ot 1,
; o -4,y
o) - A - & 1“&) . 99 z O:]&l(’
& -0 , 3.
U0-3) - 96 ° = 13406 Wiy 300 . b iorg
-0-% 5
Us-4) - 2e > 0,8984 o). o¢ e
|
v -l _ e |
UO-6) 2 9¢ = 06034 E e o . o Gomg
7 it e
Ub.8) - s¢ 6 . 0.4038 (D)= G - 0: 0366
/& A
) : 2% -0 210%
e
31
EZ AN
§ + f -
65T h’\*’\'
. e

08 ‘04 0.6 08 1S yib 18 &



| Sketch The 5|3na(l

Given he éamph'ng pev:od T: 0 d8et-

L 1[*)]—6‘ enNT D) 2 D A(E) = 6.310-F
- I TR Y. 1(6) = 01814
> A(E) ’-t—o-am | |
') o) > 92°% L 089g% | NH) 200 1216 |
= o (tan
i))( ) 1(3) 9\&8” 'aJ.,. 0r60é)c( 2UR) 010815
-9 (0-9n
- ._,'. 3
xln) = e SR 6 s U9) » 008y ¢
., dD ‘ Ujo) = 0.0366 .

“The 594}uencé 'x(n) can ‘be *ontten as’

wUn) > | 8 13406, 0.898%, 0.609y , 0.4038, 0.:990+, 0+181y , 041314, 0-08,

0: 0846, 0- 0364}

1—4—4
5_6—1gqio,

‘ ,vrfevual 04 vy s

a
2(t) - <§;n4{‘+ém ot ot an Jicvete - Hime $i3nol ,

=7 . Duasee and £Ke’rch 'me

the élgnal oith a Samphng penod

y t}/ . ‘\ ’fhe‘&lj nal ofh a
@) - ) &’—fox i et 4l Somple i

. Qﬁna, ; discvete -time.. Qa”a

=T uGE and Jkefch “The

Samphna Pew 0d




I
|
!
f
|
{

| Signale
..4; Detorminichg and  Random 5%

any @,ven “Instant of e

bifi + ;
A defemnﬁzc 513"01 ey 5:3;70! elh ng i / oF Valog. g

Joloe can be azfarafely pfecf cf’ed b7 map,e,od

&in (0.17n)

eiuahon one Such 5'8%) ‘Mn) -

A Poandom £lgna) s a .s'rgnal chavacterized by Unceﬁa:n#j befosie #

actual eccovence.

gﬂ . Mboice

S7é’f’ ern’

A Sistem s an  nferconnection of CamFonem‘;s. 31; s a physical device that

| performs an oPemhon o an input 5»3;30\ and «produces  onsthey :s;gnal as ootpt

D"-ﬁc A cs7,s+em % defined ac a pysical device at- gene/a'f&s G Yesponge of

" ou%PqI' ‘gﬁ,’?a’, -or a given mPU'l' 'anal ,

Ut) g 1
‘“*?““—’ en
) Pu , }-—7——~ Oufpo{'

“The YelahonshiP bet'ween The mp)f 1({') and Covre.spondmg Odput 1) of

C\ *5‘15“"8"0 has e —fbym

s opevahon on 1(t)
RTY)



|

C!as&i-ﬂ‘caﬁon oF £7$’r_e_r1u
e Systems can be clagsiHfied as  t. Continouvs —tme suctem
& Distsete — time spste m

i
i
i
z

@ Cbrrhnoos -*hme <§7ad'em - A Conh‘nou . ﬁmé 5\,s+ém ic one which 0P5Y0+e~9

on a Continou< - Hime éngnal and PYoduces a contnous —time ou’rpuf’ 6)8nal

| 1 e input and output of Continous - tme Lystems are 1#), § yit),
hen we Say that i) s Nanferved o yit). Thot ic

YeE) = T[]

";nE\U*l’ ' , Conﬂnow:ﬁm;’~ OWEU{’-»
1({7) I3 S‘/ﬁ'em Yf‘é)‘-

* Eg ” AmpliﬁeYé,—ﬁ)-favs, motoY  edc o

=,

!@ Dlsc;ne-fe the &/d—em_r ‘
| ’4 d“gfﬁ‘e‘b ﬁme <S\/5+em s one ®hich OFCYO’PE\S on a discaete -Hme
iscrete —tfime  output s.gna) i the mPuJ— af)d

“Jhen e can COY)“IB.

5!3!)0, ond pmduces a d
OU’(p\)’r of . discrete _ﬁme é‘/&"’Em are 1[n) and 4(n) ,

Aln) - [””J
| NN Distnete fﬁn"ﬂ = 2!(';'
i ] 1[”) 675"'6’7') _ )

ks
| S.angl Proceséin Sf:”@’ﬂ ’
z R | “ @P}
: —2| ConSTYICTIA
Samp I o Convertey YTV 3
M Hold . | . }

3




al Processwey ; |
S e——— ' . %

Adioctoges 0F DIgHl 2f

' * i Componerrks tsed o deg
% A wance of The Cireott P 190 +#, |
\. Gealest accovacy @ TPe STokant g7 e

yoc wherecu The D
ana 03 firfers affects the adviacy, | . p

provides SpenioY Corrhol of aauY057

- E - ° . [ X ‘ .;5 m ' : E
o Cheaf)éﬂl ©dn many aPP],oa—Hong . dtgﬁ—a] Yea])ga-hor) '.njja.faﬁ\/e)f |
CHeapev" “than 1t 'analo(? cwr#evpaﬁﬂ

3. tse of bata D:ﬁﬁvl Jr‘gnals can be ‘eas‘;lj sfored on magnm‘rc media esithoy

‘em'“ﬁe loss of *ﬁdél‘z’f? and can be procesced off-line in a vemote
: labmah)ry
4. Tmplementation of- : “he Dcp allpeis 1o ;mP\emen‘L’ gophghcabd algom%rm:
| Sphisticated when Compared o its analog Countey pastt . 1
‘% qigoa:jhm '
25»ﬁ\e§b§\2t7 ip® R A DsP Systemn Con be 6&55’!7 Yewnﬁ3u¥6d bj
Conﬁagv'ahon , chang»ng e progeam . Recmﬁgufa‘hon of an analog
; System Srnol ves vedes:an of ,gy:tem Hasdwave.
%6 AT’P““"”"‘*] b The veay Jouw *[Ye?uencr éfanals ch as those acconn
; oF VLE b N Selsmic -applicalion con be ea.s:lf frocesse d usmg
‘E O dngrtai processoY when COm)oared +o an Onalog
\ ;»( pmwwma system eheve ‘nductove and Gapachng
\i\‘\‘ | e - needed eovld be pby.swa”f very lmge nicie
1 e shanng L BEY et dhe shaving OF a gven PYOCessoY

Cmona a no.of 613nal! by fime 3”“‘””3 thas

Yeduclng the cost of pvocessm(ci o éfgnat




,l);mf""a'ﬁon\g‘

i Syshm Complexity : Spstem Complexity ncveages ' '%e'dfgrfg[ Procw,hg &

e 04 deuces <uch as Alp ¢

an anolog s:gnal becavs
associate d fiHers.

Dla Convesrters and thely

2. Bandidiy bimtted : Band bintted Signals con be sampled ithoot

by Jam)olmg vate iformaton loss if The éam}gnhj Jafe 1 move -than
~oice fhe bandwidtn. Therefore ,.skgnaté hau’mg érfreme)j
:rfo‘id.g | ba"‘?“ﬁf{'m Yeiqug ._fas+‘66}ﬁpllng Yate A/D’:co‘nueaf{‘ev\g
Qnd ~v£a.s-)’ dia"rf'al”éig"nél pm;&‘%&omd . ‘But theve s Q
piactical tmitation i fhe speed of- operation of-

Alp Convestier< and o/:’grfal &gnal pfoce;TsOQ :

A\lafie+~l of analag ‘pvocessing
‘im};lemerrha?ﬁ wmg Po.QSNB cyeoH elemen

tndoctors, ‘Capacitors ond Yesistovs et don

algor‘r‘ﬁ;m can be
+s like
o need

3. Powey Conwmp*‘on .

y, wheveas the DsP Cchip COrrIa:’m‘ncg{ ouesy

much powe
move poweY (1 Watt ) .

k o 't labh —transistors dis&“nroa-]’es

foplicatons of DsP

. ”Telemmmomca’h‘o n

9. Consumey E)ec{fYam‘c\sy |

2. Grstromentation and JC.fIV.TVL”Dl
Q-ﬁmaag pfoce&,cmg

5 Medicine

JG«SPeech WOCB&&H’)%

':{.,geismoll?ﬁ' .
\8 M”H'O?!?




=> erre.scﬁahm D'scawfe _teme £ignak:

e e —t—— - e -

These ase differenttpes oF tepresentations oo discaete - Hme vignal.: THy g
| (vaphical Eepve$an+ahon

&. Functonal Iﬁef/aseni’aﬁcn

3. Tlabulas fepveser'rf’aﬁonl |

4. Seguence I’Ze,?/e(Sen—faﬁoﬂl . g | i

(ophical EeFfasen'fFaffow

Let vs constdey @ ngna atr). with Valbes A04) <1 5 2(0)e 2; 2(1)=2;

2 = 0.5 and 1(3) & This  discvete —Hme signal Gon be Yepresented gaphicall,

08 Shpon In ﬁ)g : ' 9
't ' '5"
/ S bR RS
\ o L 4
e g s
Fonchonal Eepvesem‘aﬁon: W - T lakvlasy er(e.serrfa’ﬁ‘on
| S e ————, BB s
“The discaete -hme égnal con be The diccoete -Hme s;gqal can
velpve4en+e d u.;mg —bnchonal olso be Yereserrh’d ag '
YePi%erﬂ’aﬂOn ac  below . \4 no o
( Jor nt ain) ‘ e o
2 fm n:0 e '
1n) - 05 ’ﬁ)f M. @ .
1Sy n:g : ;
0 ofhesiwis e :

Sequence Yepresentation
A here duvotion éegvence' W Ame
Smbol A i Yeptesen-l’ed ac

AN e o 06 151
¢

Dr}gm, (n=0) indicated by e

i
i
{
i



An infintte  duration Segoence  Can be Yepve.gen'l'ed as

Un) : Z’ s o.ayl Vit 8, Dochos o b
| A +nite duration Sequence “+hat &ah:o‘)es “he COndn‘mo\v

Can be Yeprese n+ed Qas

) = 0 Jor n 20

un) = 204,5 8, 3_71 4

—> Ffemen’ram7 D».scme-}'e:hme &_@nak A

= .
I Unrl’ s—l'eP ée«zuence : itk g."’@?"}’ ﬁ’cirh}:; éeguf/ﬁce
B 1 defined az ¢ i sl g G+ is defined as.
um = 1 o nxo s S \) Yo = ~foy nz0 .
0 o nzo- : e oy e )
1)) ‘
7 N i R S I TP

é ontt Sample Se?oence (unitimpoke fosponce) _ 4, fuponerstial Seguence
O i defined as<

The unitk Sample- Sepvence. s deﬁned ac
' wuny + a"'or all m

G D 00 e |
R SG7 DA Khen -the valoe a>|  The se?vene ‘
st Grous exponayrﬁauf, '

""ﬂhen The - \alve i< ‘oz_ as 1 e

S e ——— fal
PR 0 | 2 s ‘JSeguence deca7£ exponertialy.

e

<
D 8oy - wn) ~un-) |

uln) - Z_ SCK)

s - alm » 2195
poeP

=

N

"< 1(n)8(n-ng) = 2(np)

k.

¢ : E\ f()f n=p
(n’!“‘) b 0 fFD“n:Fk’ 4

3

&




Smu.Qo.dal ssgnal

o r@:—*

' | & given
4 dicesete - time sinuvsoidal Ssﬁna gt by

2 = A cos( o+ ¢)
these w, i€ The -‘ffeiuencjl n vadians per “””R’e

| ¢ i the ,pha_se in radians

{ U&ng Euley's :dem’+7 ee Can caf:”*fei

o .—jwol’)
| e A

e /e" TS, the energ.q of -the ét(?nal s mﬁn‘ifﬂ

.Aug Pwem of he slgnal i

. 1

@ COmPlex exponenhvrh‘al 5’3’)0] v

The dLSCmEl,fe Hme Complex exponerrﬁat agna! is g:uen by

1) = " (90" +9)

¢

s o Cos(coon+¢) +AJa”$:n(wan+¢)

- Foar lol 21, e Yeal and :mag nasn7 Pa:nJ:s of CDmPlel eiporiential . -

- Sequences ave Sinusoidal

tal 2y wne amplrfude of the Sinusoidal ge?Uenc‘e decay\g ézponerdmﬂy
ol y 17, e amph;fude of e s

1)

ntYeagas exrponerrtio /X

Fin d -the “fbllo wang SUmmation.s .

od

s an'&b)&in an
N: el

{ -
; oD ; s 0

s S 2" s N

o

Rl
|
|
|

| n:o
1 "" o ; .} :
B )

N:



. oD
Yoo Sn-9)Ysinan = Sin anl A -y el

Nnz=-ob g n=g

: :9}7’).[{. L

Can, Rt : f \
N-=0 it

Sineth.

-

i)

n:

b oMb

i S(nii)hin) - xm)} . 9
Nz —ob OR0 Reh ¢ ey

. find the —ﬂ?)lowmj &ummaﬁan; -

-w*?

|

s
iy o [sm'a)c@‘s
N - 3” + &(n- :)sm:)rﬂ

5 55
. 2 &(n-9)cosan + 5 8(n-1) sinan
N--ob NP

CO,S:)n]n:& + sman’n:, :  COSYy + $INY .

"

oD i
N = Sinty) g7 e"ml
" :

n-0 J
Q
2 e s 33
Cla&sfﬁwﬁon of Discaete ~Time sggnalé .
— — : 3

Efneeng.j Siﬁnak and Powest \Egnak
Lao1 @ diccoete —Hme Slgnal 100) “the Mauf E % deﬁ‘nedw

o0
«E | atm) T
I ~-cD

A% ]

The auemae powest of discoete. - time éigna’ 200 ¢ defined ac

N
BE D Lage sl at) S
N oD . AN+ n:-N

0 e , o oaia SO o
A Sf@nal ‘e an enesigq’ Sigal, if “and only if e otal enendy

 Signal i finde . For an enexgy Signol P:0.
| i

Hl»j “the S»gnal i said Ho be power &;gnal rF‘Avg ppwes 1< fnite

and o power Siﬁrm Ez o .




P o 3 T ‘
—>|.petemmine the Valves of- potest nd 5"*"“37 of “the “pliowi s g

{ nefthes; e
ohethen the Siguals e Pooe @I e TG ron pry,,

g l(n)z[é]nuw) ,

I “ihe Enea:(ﬁ of e 61(?'70,'

Q(?"’ %

D ’-vufn);'*fosvnm
75 2 il e
nN--od ‘0 y Ned
oD 2, D r) v Lt -',"h l (" : N
2\N | - ; L i
> 2[(3)J ,,’_Z('?T Mitasate £ 0 A
{ n:0 A 2 g 1 & Tk y - ; i [_d'
| i Ve ) o> ) 6
| . gl
| =i el “
| 9 T
' ' dilAsle 7 £ i
N I: B! R I-
n 0oy T ( )
pERELL X s (_L) . i)
Nsod M4l N:=0 9 o : : .
NNk A ‘
. Jhy ( - (3)
Nood N+ el
<
1\N { o
e - (g oopt s
Hoob  SINYY 8

-—

9 . v I
0
“The enema7 is fine  and Powén 15 sea0. “Thesefome , The gé;na} s an

Fne:vgy :S‘iﬁnal .

Note: “The Ge,on’)e'l'?;'c“‘ Cum {:o.mmula';

; a !viYn)‘ g
: € o i ;
| | |
i : ! ;‘ ' ‘ : ‘ / -l
| b Som of . nfinrte terms : a L ot b o

|-Y




|

| | Gl J(Wt+6)
| £ 2- ,BJ(*gn“'l‘DJ,/ . ) i =
f N:-—ob
f- ob :
- o S _
| : n = -

N - ‘ g L

P bk ' = . [itm)&”

M
. Lt s el
M->od QN+ | Ll

XY

N> Q/CH

> f

=

' v' ; 31
“These-fosie Eneatg ks nfinte and Powe

] .

cSignal ls a pouvey £)3nal,

) Ay = S (_an)

(i i

s ane'l’e (meme{féme The

(%)}
g i)t
0 o—dd
. —
= O sm (1,
ns ~db (H )}
(& ) T
- CO\Q 3:T 1 fCO»gf‘n -
N Q9 Nzcbd & ;




ﬁ——f | . .f
Cos

-
p. b Tl ‘gm?/(r'n) ] oM e
NG ol n,—N : . Aol e
i L

z T M ¥ n: M

I\
L L2

9 No>» NNER! Nn--~
D e ol b - |
3 Moo INaNHe Ty il LA |

e LA “ﬂﬂéﬂe%me e S na\ k
—The Enemm Y infinie and powet. ) 'ﬁn)fe- 8

O powe &8&’1&1: ‘ { 1
: . ano
S i) =2 2 " uln) EE
x D : ,l'.'.
B e ip))>
»n:—-ob
. o ‘ |
e ey 4n i B ' |
G % ’ 7 ‘Zoe .s:"’l'ef—\}'e‘s(-:-..‘ LB = ol
: N
o )
Moo  NHL
e Lk g s | b )
9 e S i
ST = e
v g
;o e"” ' ;
N>t 9ngl o i
i .
T R,
S»@na\_ 1S ﬂ?l'h’)é&'} Enem87 71031 lPO(DBY 3’3”9} ‘

|
i
N
b |




' ’ 7 Hhen o]
_5| find whethesy The .5.'anal.s are powey, enexngyq of neithes Power

f Ewemgﬁ. éiﬂnal& . o : 10g 3 0
I 2 { ;
‘ Ay £ o0 ,
(1) Cos(topn) uln) - : £y
s g o : = +HoG% +0
g = | 2y 12— ‘ 4 (e . ALY (PGM
N=—od
b 5 sy % :
. 2 gy - (wcowwon) QAQ P@UJ_(U-I &LT =
h-0 h=D ™) SiR ? md_ﬂ@ h
A N d.l)
pes1O
| Ved b be— & :
sz ks : '- = A
3 e <k 5 . oL 9ugn bui’ OJ‘ ‘)w
e | : Ik j
e ThIe A e
}J A ; i ""
P < Lt _l_,- ol Iun))a/ { ,
Moo  AN+) m-—p Y 3 : | |
e a M " ‘
N ekl rud: i il [ 14C08QWpM) |
MM; M+] 1o e N>ob ON+] h=0
-2 2 :
e L oM - ;’7 ' wizze

9 o0 JINt

1
(1) utnts) - u(n-2) o it e
- M
an) = 1 oo o Binn - ] e =
4 dom  OlhEmeise Wi )
\ ] : ' el NO I —
e )
1) -0l |
2 P ol
- 2 Fnema;/ s fmite
e i Powest s 500 TN

- . s i ET T w colled  Eneaq g Samd.
B e Q4 =M .

YR 2o
f Y Lt ,,,l,-—— = \
| . 9l . oo

n
S




'adm with Pef’lfod W 5

,c Sranols‘- '
gl
15 Satd -fo be P

PQMDC“C 0""; Pe:m

———
A ' digenete - ~~-Hme Sgnal 2(n)

nd ol o
\ an 1;07; ¥ a(;i.wn)‘ = w(n) —for all m
\‘ i ‘ 13 ] hﬂ,dé js knewn Qg

L The Smane:h,\laloe of N oo which eg@

| ﬁunalamemw f&%vod | e
: ‘ foy one \1010840;,7’2, —hen ) e eh

Pf eg@ does na"" saﬁ.s*ﬁ/ even

'Hme ~§tgnal Vo Apeno&

herey ) pb 930y & 8 F 8 -

() Pesiodic $Ignal

f b §

Wil

(b) Apeviod.'c (.Q»Igr'aal

A Comtinop & —Fime Snosoidal &3naLs wih ‘ﬁma(qmenfal **(76209"57 - @

pesiiodic - Jn  Contrast, all the discrete —ime anvsoidal Seguences '
mot periodic . COn.g‘)deY a dcrete-time 9gn al  given by

| whe?"e Als AMPH)AB ‘
th and © are -J[Ye?vemf and Fhage <hifF YQSPBCﬁVG’/f




(i)

A discoete —time Sequence % periodic if it sasfies the condMion

LNHN) = 20n) — )
s Asin (w0 (N+N) 16)
= Aem (@n+ won+ B)
for (n), e9@® satisfies If and oh)7 H woN 'K an 7n+e'<7€3)‘ moltiple of am re

WoN = JFin
. g :
W = N[22 's}) M=
2 A7 N Y ( @

Hom €9 @, Ke find “hat ~fos1 "fhe sl 8)9»101 +o be
peviodrc, the ~ﬁ:m:lanfhenJral _7%9”8"67 ey mus¥ be @ yahona} motiple of I
otheswise e discrete-fime <Signal i apewodzc |
Defeaimine  tohethear: 0 mot each of “the -Followmg &ignak ke Pemwc‘tc
aStgnal s peviodic, £pea-F7 e —ﬁmdamen‘?ﬁ’ pewod g

S - e Jé6mm

3#

in) = Jém wo 677' ”he -ﬂmdamevﬁ'a) —‘Ffe?uencu/ XS muiihpie of- T.

“Thesie-fosie 1he £Jana) s penodfc

N = QTT(-(;“
K3

g

“The minimom Valve of 'm fom which "N’ 1 Weﬁe?’_

A o e A
‘ e e
Thesefome , the —fondamental pesiiod = |
)L Iyt
Un) = Jg('ﬂ+'2)
J5(Y)+ Q)

Hesie wo:-,f: which Is not  a molfiple of . ’Themefore e \anal &5

any: e

- Apeviodic

“he 'ffﬁnaatﬁenﬂ’a)/pe;ﬁ)d /d’/‘;%)

guE )




,—Ft)sy_ n =1 _ hen Nﬁ: 3

'*Theméfo\me,"'he -fondameﬂ’ml Peﬂﬂd O,C the $I<7nal 163

(iv) 'xtn) c Tn + cos 32{

“The ‘ﬁmdamen')’a Péﬂﬁd
u,an(%) T

cfor mil = H,,gﬁ L

“the minlmom 7n+e(?es1 uvabe 0# m ﬂ(tm Lohac

o#“lhe érgnaf CO‘GT) [

h “H] s 'm'hzaeal Yol )

Sy last l»/ y

Ny - &ﬂ’[% ¢

"
.S 3

el
oy A
Ng g (-f




—> |Detesmine the fondamental pesiod of the -follaw?ng SQnals, I they

asie pevodic
ML U - srn(-'f-z—j

by = T
4

e e .:»y(%) E
o

N= 8 o m=| .

“he fondamental Pemfod i R

1(")) <

ol jan
CH) eJ&

&y ¢ & thich 5s not muHi Ple o,f o :fheaefome The ;Ignal 1s Apermd:‘c.

i)l Wun) = Cos%T-n 4 Cosan

M)@ w,:I

) ﬁ[——'ﬁﬂr‘) . 8m

1he Yanal &
Ng = Wy = & ehich is vt an ‘in'}'e(?ra) mulﬁple e ) SO

Speriodic . 0

ko
Symme e ( euen) anJ Anﬂswmefmlc Codd) Svgna

VATV A

A dicyete-Hme £gnal ) 16 <aid To be a &ymmeﬁlc (even) 5Igna
’F W calishies the  Conditon
x(-n) > %(m) or all 7

F‘OmPle . ln) - Coson

oy fiec e condiHion
“The szana\ e coid o be an odd «ﬁfgnal it safls

w-N) = -AN) for all m
Example . Aginun e 9 x(n) j¢ odd dhen 2(0):0

—




g -5 Ay VPl 8l ot i ;«kfj ’j Yy

Cbmponen-hs . Thhat i
Un) = Aeln)+ Ao(n) L CD - O,
these %(n) i even c()mponerﬁ’ of e 5’3"0'

2%(n) 3 odd Componen-f’ of 'W- '-élgnal
Replace wn'b7 Zn’ hen e @ o B piitten as
A-n) = Tp(-n) +Apln)
~ Add @4 @ then we(?ef/

i(n)-l—i[#’)) 2 &a.em)" vl

: Xeln) = EL[’LW 16 SR £ et 5e)

‘éimﬂasﬁ'ly Subtvact Da @ ten we 33}‘

X() ~ 4 (-N) = 1p(n)

To(n) = —Q;—[ 1(0')»1[—n)‘]

2n)

(o) §1mm9+mlc sianal

o

fb) A}rhqm wetalc S)gn ol

‘)A sianal uUn) ;Can" be elpres‘sed Cas the sum of ‘even and odyd : ‘



I ,;74 Cmsal and Mon - Cavsal .ﬁgnal\s

A Slgnal W) s Lad o be causal I s valve i zea0 %r Ned

phhesiwise The cS:gnal is Non -causal
{wmples ~fov 5cau:al s;gnal& :
a’ucn)

E"‘g) =S, @j

; %(n)
|
|
f Examp)es oy Non -causal éignak;

O

Z9(n)

1

utn) : a'u [—n+¢)

R 2 f1,-9, 1 0,3},

|

aT
/ 4 &500’ ’ma-f' i 3ero fOY all >0 s Called an anﬁcau&al élgnal
z 1 7
|

A

—| Opemration On%nak R .
4@ Oanol pmcessma s .a ﬁvooF o,C ba,c.c oPevaﬁon.c app)red “fp.an mprl-
| a | I £8na} as 'Ihe MfPtﬁ' “the mamemaﬁca}

anal msumng n anoine
mn.s-Foimm‘zon —from ome s}ﬁnal '1D anm‘hem 1s Yepfe&en‘}ed ac

yin - 'T[ x(nﬂ
j'ﬂve basic et of opevaﬁons are
). Sh),&nnj '
2. Time Reuevsal

| 3. Time Scalmg

4. Sealas Mul*hphca'han
. &3nal MuHiphB){ :

6 é)ana) addsHton




—_———”m
— gh‘nﬁﬁnj s ikl 4 | ﬁ
“the <hift épemﬁon +nkes The
independen% variable . The 5hifﬁng may

input Legquence and ifts e Pty

by an 7n%eﬁe:a1 Yacremert of e
delaj or advance “he seguence< w Hme. Matnematically s can be
Yepresente d  as
| Y(n) s 2ln-k)
tsheve an) s The ;nPU-}—
Y(n) is e ova’)"
- 5F w'is poattve, e shiftng  delaf
I % s negahx.{e, e Shiffing aduances e Seguente

¢ e sequence

o il e shown i v[igume, e 9gnal 2(n-3) is oblained

The YesuiF i Show).1a FO ).

b7 (shifﬁng ) Yighfi' by 8 onif oF ﬁme :
ﬂn e “bitéxhond:, The Signal‘ wua) is obfa?néd by th‘ﬁng un) kf b
oo ots of me as shoon M AGUY

| aln) 8 3

1In -3




Time SCal:’nj

%
This s accom Pnshed by Yep)acixnj n by )
9 A9 We geJ‘ a new Sequence

n ‘m e Seguen ce Un)-

Let uUn) i a éeﬁuence $h0ch in F)g
Yin) = x2lan)

Ke can plot tne Seguence  y(n) by wb;ﬁmﬁna dlﬁevqﬁ Vales of 0’

Fo
e 5 Y) - af-3) -3
ssmslamL/
Y(o) = Mo) - 5
. 1) -

SR E T

3[5)/ :«\.‘

A Y(n) - 1(2n) ‘
54
q -1 ?’
S T
ok
] y
| | [ iy ]
0 , a) ; -

> Solan M_glﬁpl)cahop
A &alas f’ivH‘if)h'eSz s

Sale —facton Q'

Shown In Ag. Heswe -the &IgngL an) ¥ m_qrhpi{ed b a

2n) LB R
’ /d

For &amPIe i un) _;'{1),;)/;;42( Cand a: . TThen The SIﬁna,

oxin) "Y: i@l’q/igl-s'j .




— Slgnal MumPnem ﬁ

&éfuéﬁc'&s o Hormr- anatney €auenc,
‘ e

'W moti plication aﬁ " signol

_ML_)?/; yin) > mm) %tn) -
- Xotn) '

oy EMmple) i
4ln) - {...]’ Sy ,&j

7&‘”); {',"‘,f@,lﬁ

>

Un). 2gtn) .{;,) -3, 6, 2]

- Add“ﬂon oPevahonv :

L\

hown n ﬂj ;

’ “Tiwo anals con be added by wmg an addem S
| uln ()1n)zl i 10
) N Y(n) 3 1{n)+1gtn) - |
T*:zin)

For erample, i~

| Uln) ;[ 4,,3,4) and
X9(n) : ZQI';/‘QII} _

) i S5555)

72 Digenete 'hme &/,s—ham
gﬁ

| r |
B A diccode—fime 87s’rem & o deuice o an algosith

|
1

n “that OPem"’N

. yde
ar ‘atn).; accos«ndmg +o <ome .well defmed )

(n) Callech The w}pm‘ Sfﬁna

‘an a discnete - -Hme )npu+ £iﬁn

,vyo prodoce anothes disevete -Hme s:anal

n Un and Yl i

The velotionship betwee

Yin) : 'T[ 'w)):_l :

Distrete—time Yin)
2n) Spfem otpot ga,m/.

Tn odéfgﬂa)
o




-7

Clossification of Discrete time Systons '

B
3.

oF

5.
G-

Dscrete-Hime  Systems are classh‘}ed acco:ndmg =0 “mem 8enem propesrHes

ond Chavatfemhcs “They ase

y. “Time \avierr and

sfcrhc ana Dvnam:c <s\/x+em£ '

at oy tnstat M’ depends O The
not on PﬂS‘l' ot ﬁn‘vm S’Qmp)% of ‘fhe mPLrt’ gondiidioe. s

chatic and  Dynamic  Systems

Covsal and Mon -Causal  Systems

Linea¥ and  Non - bineay System el =t it
anYJe _ Snuavient &yste mg

£ and JiR Systems

aable and Un<ctable systems

A diccaete—time Syd'em i colled ﬁ’aﬁc or memmyiesﬁ ks 00”[90’}’
mptﬁ" Sampleé axL'fhe <came Time, but

in ong eihesi case, e System. i £a:d —I'o be dqnamic oy o hove memoyy.
The Sf:haﬁx& deccatbed by Thhe —followfna egua*hon: ‘oae ‘ddhy
S 4n) = onln)

H(n) 2 aﬁ(n)

m< desc:mbed by e -follownng eguaﬁons }

On The m‘nev hand “’he .fy,sfe

Yy = 1) + un—ﬂ)
Yin) - ﬂn) + Ln+1) -aze. dmamt ¢ ,Sy\s’rem‘g 4

Find Mhetheon the —Fol_!ota?nj Systoms ame ctafic "o dmamic

4n) = am 1ln-1)

The oulput- Ytn) depends 00 e past Snput. Theefoze e system

§

| 18 Dynam‘l(l




|

1 ‘
") i Ytn) . 2%n)y 4 aln)

{

“The oufpv}* Yin) d;;;,enfh o “The 7nquf af “hat nctarrk ant/, ‘;;l,m?[’%

;"Yhe systern T jcxm
|

'n)g Yin) = 1(an)
L ovtput 4in) depend: on the ";:’;”’w ;"M ' W{m{oﬁ? g
| Sistem S ﬁi’ﬁﬂlﬁu

'V)‘ Ytn) = a¥(n)
e output Yin) depends on The present '”P"f’ e “} 7”“” nshant 0

-

'Imelome “the .sy.shm b sfatic.

?

~> Causol and Nop . Causa) ide

p—— ]

A system is soid o be  Covsal 3f o ovtput of the Syctem at-

!

janV Hime “n" depends anly ot presetﬁ’ and past ‘nputs, but doesnof
gdepené on e futvae m}outs Thic Can be represen'red m’ﬂuem&h@anf as

= Efwm, Un-y, 205 . . .. ]

5
| &
| output  of a syctem depende on —y‘ulvme mFuts Then S\/:’re'n

lls said o be Mon-cavsal 0a Anh c:paf‘osy
‘ E}_i_mPf ;O Y()ecHm) +1n-1) | Cavsal *575}!’”
5 Wn)-si-xdan) Mon~Cauxa} <yctem

— | Delesmine I he syf}em alescm.bea by e —Followmg eczuaﬁon& ae

Gausal oy Non = Causal

Bl ym . s
1Un—)

i ""h :
| ¢ ouingt depends on  presert ang past inputs. Thesefose The
. $‘f-ﬁem S Cavcal.




m | = )
Pornz - ; yu): )
P20 5 Si(0) o alo)

Nz | > lf(}) ;1(,)

For all Vales of ™ ewept +for n=0 and n:=1 e System depend on
firtoae ?npu-hs. Lo ~the System is  Mon - cavsal |
: .“—/‘*-—‘_—«{ 55

()| Y s Aim+ B

“The ouput depends on the  present mpuf <o ‘lhe S)Lrbm 1% Cau&al

WAR:DE ax[n)+b1(n-,)
“he Oufput depends  on presert and past inpufs - <0 e System 1% |
Called  Cavsel | |

—| Lineasn and Non- bingax é\f:?’ems

e —_— —

A system dhot cahehes ihe wpemporhon Pnnc‘i

P)e " $¢ <oid 1o

be o Lineast Sytem: e | |
supempo.srh on pvmc;P\e srates That The Y%Ponse of the system

gnals “Shovld be equal o he: wympondmg

cach of The individval

i

*To a coe;gm‘ed om of 8
we13h1‘ed com of the outputs of e éyﬁ'em —+ ‘
mPui’ &\ﬁnals
A System s Ineax if- Ond only iz
"T[aman %1&0’72] = a,’T[x‘(n)] - %T[ﬂg(nﬂ o Ok,);‘
| asbrtvary Constamte  ©y.0nd. Oy, -

A System —that does viot Saﬁs#/ “the ébPeYP()éfﬁon pvmciple

¢ called Non - Mineas System .

1

S

i
H
i

SR R e g D bR O oo




=

i input - outpy +
o> | Deferrine. 5 sistom decibed RRIEEE Sl R

_ Lineaa -
eqUa*h'ons i< lineay Of NON Li

z ; ' .
)| Y um¥ ';[;77) ey

Given Yi) & M + ———

-

AL )

For w0 input Segoences witn) and aln) he COWeépondmg outputs oy,

Uy Tium] = utn)+ A aA
o Thaan] - wos o O
'Jz(n) = T['l&[l)ﬂ z '12[;)) + | "3
Ao (N-|) i @ LT v

The odput doe o weigad o of Tpue i
9300) = "T[ o1(n) +a&13(n):)

| O/} N A) + Qg Aa(n-})

on The . olhey hand , The lineasn Combination of e two 'O‘APU-B e

: QYilm) + QaYs(n) = a0 L e agxgcn){ : _@
i b W) Agde(n+) .~

“the eguations (8 4B ave not equal ol Sopesiposttion. -

Pﬁnc':P\e is not Laticfied . :S’o.'fbe Syctom s Non-Linea

*

(M) | Y(n) - AHn)
The‘ ggrpm due 1o e sfgnaLs %(N) ond in) are
4m = T ym)] - inn)

| Ysln) ; - [ o)) 1}07)




(i)

(1

D)

“The coeiah%ed Som of DU‘}PU*ZSB
o T[ %] +agT[2g(n)] = Q) + 09 12(n) S i)

-The ou+po+ dve —fo welﬁvﬁed com of inputs i
Yzl = 'T[ Q)x(n) +%)‘?m):) .- [anCnH ag lﬂ(")z} 7»—/@

—The'ei ® & @ are not egua) and “The <Svperposition pnnc?ple
© ot éaﬁ&ﬁied' Lo the éys#‘em i$ MNon - LineaY ‘

B = maln)

0

We have %) = T[um] = ) —@® .

B = T[ 190m)

1w

Nln)  C —®
“the ,“e*(?”*ed wm of ouiputs I

ofT[N(m) + OgT[3gtn)] =  Qmun) + Qgnigln) _®
“The oUJrFlrr dve ~h> weigh-l'gd Som of inpuks is

Yy(n) = T[ armtn) +8agtatn)]

(Y]

¢

. anwu(n) Gz kaln) | - @ |
The He?w"“ong @ 4B one eguarﬁ Supexpos‘i'hon -‘-‘Pr?nc}P)e e caticfied .

Hence e System & AineaY

4n) = dxn)+_"! f‘g: No n-Lineas -
Ln-|) :

Y(n = M) Ans : Non-bineas




—

i
“Tme - ':zﬂm/awrirerﬂL Sytens

-3 and ad 1
y'I‘me \lawevﬂ“ i ot o shift svarterrt iﬁm

A System 18 sl

Chava(femsﬁas of %e system
giﬁem if .‘f(n)
Lfo e Snput A0 Then e Yespons @ of @ System 0 T Bt
| e )nPU ) : . 3

o 'ID be e - InVa

7 naf Cha'ge with
% e vesponse of the ~Systemy

-ime.

for a Hme- muanen+

) i YD)

§

i the  input sequence is Shifted by A wmplg_c,)
: or’ginal Sequence shifted by % Sa”?)@‘

M (ﬁhmamcﬁ
output Sequence i Th
i below —ﬁgume i

jﬂhe 3enev’a‘fed
“his Concept ve Schated

oin) 95

Flgz Time Gnuarient <ystem

| o fest if any g:\len System ls, Hime — nvayient, —ﬁfd’ aPP’7 an
iaﬂb‘»’ﬂaq <eguence  Un) and find  Yln). Now dela7 “he mPu—)’ £e?vence$
ibj ' éam})‘eé od find ow‘FanL Segoence dengte It ic

| 4n, v = T2 (nb)

Qoo e OU’LFLﬁ' dequence by K <amples, dengte 1 a< Hin-) s

Y, ) 5 Yln-b)
-Foa\ all posdble valve of K e ,gyﬂfem 6 hmeNarert -




I j on he olhethand, i dhe OufPui’
one valoe 0F K, e System 18

—

(

Yin, k) :;—:_9(046) evenﬂqﬂ

-Time - Varierrt -

em &ahs-ﬁas both The

A Lineas “Bme- Invari et (L11) discvete -fime 476+

bmeaanf7' and The Time -Invariance Propemhes

Detesimine i The wfo)lowmg Systems  ave Hime - Tnvavient o1 TTlime- varient

y(n) = n) +uUn-)
Guen Ylm = Tlum] = Um+ -1 |
3 the input i delaged by Kk orivke I Hme, we have v & (il
yin, k) 5 T[rn-1] e o
. An-k) + A (n-k-1) "G.D‘
9% we delaj the output by v’ onike in time Then
Y(n-k) = AUN-k) ) e .
Here €9 he@ ae egua}»)hm' the <System e Thme - Qm_/aﬁeyﬂ‘
Y(n k) = gCan) :
Y(n) = 1(-n) | o
Guen  4(n) = :[xcmj A (-n) 4 ik
s The mpuf i delax/ed b7 ‘' units in Hime: and a,p}y)zgd“fv ’W Lystem)
e have ' il

yonk) = T[am-£]] = w/(/nfzy) 1(-n-K)' -«CD
9 4ne ou—kP\;l‘ i delayed b7 %' éémples -

Y (n-x) ax(«ank)) . L[-NHK) /@

From eg@ ¢ @
d(m k) S 3n- -k)

i
|

Thevefore , e sfﬂ‘em 3 umeA/anen‘/’
_z______’———————)




i | um - 1(F |
0
Y(n, K TRE "_/% 2
o = n-k ../@ 3
Y(n-k) 1( - )

YRSt BT 4D 10 et 5
HAZL
S0, The g;ugn ,ff_dezn e b= vay

Gn) » 72200) 4 e it o TR0 S
Yk = ’[l[n)] : w[z(nfk)J 0

| Yin-k) = (n-lc)[x[n«l)] @)

/ Hin k) = Y(n-L)
| ﬂhew 3‘”9” 4,;1@-,@' 73

ArbHYary eSeQUence
be repfesen-le

T - Varient.

=7 &Fr&sen’fa-ﬁon of an _
Any afbrfar7 .Seguence a(n) Can cl (] ”féfms 07[

idelayed and s(:aled mpulse Sequence SCn)
nce. 0< shown in -ﬁgume i[a)

Let' 1(n) be an shinite Ke?ue
J “The Sample (o) Can be obtained bj mul-HPlymg 1(0) e magm 6,

foith onit rmFuLse 8n) ag +Shown, '”,,’:’3.'&)

|
I e I(O)S(n):guo)f“—h’ o
Lo haw

' e .

1(n) ) ~ : " e
. Sn)




i

i

! 1(18(n-1)
| 05 | 3 e ,

f 20)&(n) T 1(-1)8(N+1) ro

b e b el
| 2= o g0 I 5 Lo fliprf o

1 Figu(c) Ffj:(d) " Flg'fﬂ)r

f T 1QS(N-2) : [ -2 8(n+a) -

e ey ,Q,;é‘,é,

Fg 1P) Flg TN e . : ,

e Sample. x-1) can be. ob+a:ned b7 mu)hplymg 1(") e ;

5}mia9‘lll7
aﬁnﬁudg with one sample. - adqanced Unr+ ?mpulse £(n+:) ac Shown in '
fg i) - O s Ak R
| eilale el o an A e TRIpE el o o
e { MVORNGET HIE ) Soqaar ashre o G
In the Same way & ' o,
: 1-a) Join=-3 -
A-2) S(n+3) = | o for 0 F-3
; n:
1(0)£(n l) 2 200 -+t !
0 Ao

wans - {0 20

;113 som of e five Seguences " ghown -‘in\,f—‘lg icc) 1o I,(g ) gw_ep_ 17
t lt—a)é(n;&)-+i(—|)$£n+l) + 200) §(n) + X1 8n-1) +212)8(n-Q) ezuals
f;l(”) -fov T S In aenem} we can wite Un) foy — o0 Ln P

A(n) = U-3)8nt3) + 1[—Q)$(n+&) +x(~c)8(f)+»)+ i(0) 1)

4+ ADSI) 4 UDS(n-8) + UEM-8) + - -
o0
- ¥ ; v, andzer o¢ dl other
E - Absinxg Bhae sl s onidy for N et




— 5§ as o of shifte

PRI
1.

= Represent dne Sequencé ) 2

Un?P ;mPu)se.g :

ol Guen  1(n) -;[z,,.;;/,l, 1,320 £

e
,r

SR o
2Ny - 1[.3)5(,7_,,3) + 1(—3)3(”%3) + 1(_')8[n+)

- =
F1S(n4) + 18- 4 UB)SD )

+ 2(4) 6 (n-4)

n-2) +8(n-
= 48(ni3) +25(nta) - S0+1) + (1) p3sn) + 25 Jitdlr-s) e

2| ! Response ond Convo!o“ﬁon Jvm
s = __—_—: ______-——-——"/""7‘“
| o operm‘?on on an mPu'/’

odsce o mpdified Ovipot-

ewHtation and

‘ d:scmew‘e ‘ﬂme Syd’em ng-fpfm$
ggnal based on a Prede{mgd oyHeria 0P

£Iﬁnal “The nput &Iﬁna} Un) 'ihe S»/:h?m
y(n) i The  System vesponse - This —rmfam o/aeycrhon is <hown in ;,g :

1) Yln) = T[2n)
e

p’ﬂ . A “Distarete-fime &M’ém YePr&senbﬁon.

e

3F the Snput —o “the Jy.s-hzm s a i hmpulse fe 1[n) S(n)
ﬁhen The 0017901‘ of the Sysfem 13 Knoom s )mPulse Yesporxse denof’edi7

h(n) theve L
htn) =77 [ S(n) 0




O a finear System -the eg‘ @) veduces o

1

Y - =) ub)’T[S(n—L)J - @

K=-ob

he vesponse “to the Shiffed )mpulse sequence Can be deneted by htn®)
defined Qs v 7
htn,k) = T[S(h e _..@
fox a Hme- mvawen‘f‘ csysﬁam hine) = hink) —@)
Subs'h‘hrhng ei ® n & "o b get

htn-t) - i[g(n t)_] — @ :

SUbSﬁ'fU'f“e ‘fbe eg@ m @ '!hen we 3(#’

Yin) - s L hind) @
: | S ) @ ,
far a Lineas ime- Tnuavierrt System, if ’fhe mpff »Ceiﬂence x(n)

and impuke vesponse htn) are given, we can Hind e Ou’rpd* Y(n) ’Dj U&mg

e eiuaﬁon
20
yin) = 2 HkIh(n-k)

k:—d)

ehich ¢ known as Convolution £um ond  can be Yefpm,cerﬂ@d Qs

Yin) > oun) ¥ hin)

}c\lheaie ¥ denctes The Convolotion oPeva‘om

Propemﬁes of Convolutton

B o ofive bow i n) #hin) - htn) %)

2. Asociatve  Laes [ shi(n)) « hy(n) - "i”’)*[h'(’ﬂ&hﬂmﬂ

;5' Distsibottve baw  : % (n) «[ h(n) + hylni] = 1n)sthy (n) + 1(n) %hytn)




)
—_—

\

Procedv=e ~fom Con ol Sim

e rhing Ame o e
| value of m, Tt da 3 o Valuqy,

. chaose on ndia : n
S'EE‘ o ) Starts at M=M; and d

“he output Sequent® J
hin) Sharks at ="

in) -

. s @ good choi
then 7= M+ 8 a 300 hO/ce_

indey K
, NS 'm'ﬁirrm 0'/: ",
sEEQ : Expve.ss bein SEQUQ”‘

—

4 obtain h(-R) and shift by ' "ty

; hg) abovt k=0 -
31};?3. Ford hik) . eft If 0’ Qegcrﬂve —10 |

fgnt if i posiive

olstain h(n-¥)

tpy: Muttiply The w0 Seguences a(p) and hin-kJ '*’/”g’/"’ /?7 o

— oy i dy £epy. o nent b .elem.fzrﬁ‘ ?nd Som Op the

onduc‘fs 40 gef 4in)
535.',%02“)9”')— 'Fne ;ndél | n, sh'z‘ﬁf The Seguenﬁe htn-k) o Yigb{f

!
?
|
[
|

by one samPle and do '9’“3}59-

iéﬁﬂ)égf@()w«k ,g'{‘ePé’ unfi) the Sum OF PdeUC'l‘TS 15 Z/QYD ")4)‘( all 1w

{
!
i

Yema‘ining valoes 0F m°
L b

| Deteamine “the Convolation € of —hso sequenceg

él(m = {3,0‘),1, &j g h(n);{;};l 1)33
A
@'Tbe Sequence 1) Srarks at m:o and hen) Shark at My:-l
{

“Thesefome The &larh‘ng Hme oy eualuaﬁné he -output seguence

fﬂ(n)‘ﬁs "z 7’[‘,‘0‘3 = 04(4) = afoe

® Erpress both e Sequencos - inferms.. of he index k'

LRI = o (o 7 b
: '
9- Gl
{3500 ”I 1@1
9.0 5 2 — ol e '
! () |




' eepz ~ Fotd h(k) abovt y-o0 to oblain h(-k) '

2l G
h(:—’\(’) ' hL/ /Y“)
S
) I | .T ]
o
’QJ = O |- _3‘ ——5 7 O

od
We know that- (1) = = Llk)h(-1-k) .
t-—oo

Mot ply the J”*’O Sequences (k) amJ hm z) elemeyrk b7 e!emen+ and

Sum 0f prodochs

Yy = 0(2) +001) +0(2) + 3(r) + 5l0) 4 !(o)’—;—&[o)
‘Incvementthe inder by 4 Shift -the £eguence + yfgh-k*‘m obtain y
h-k) and muHiply the oo, Sequences k) dnd hc—z) e\emenJr b7

plement and Sum The  products .

)
Wi o ah (L) .
[ k--8

0l2) + 0(1) + &(2) + 201) 4 100) +0l0) = OH0KEEBHOLO ZE

D | { lr
. = Aahi-b) - ; ; 1 H{ fe !
O i =3 2470 e 3 T
ﬂ;Q i) | % \$ o !
_ o(2) + 80 + a(2) +1(1) + 2(0) e Sl S
'JT i
. RN
Tt o |
o 2 o) b)) D2l ﬁ ¢ %‘-{ :
{ood ..
g SR
. 202) +2(N) + 1(2) +20) R
' A 'v. 2
- 64249+ - 12 L ‘ﬁgjj‘ i
i~ r—t— {33 P £ 3
| N - ] | ) dife g
| 18 = = 2hB-k) - 1) SR R
ko PR e a8
| . 3(0) £ af2) +10)+2(2) 7= 5 | T A0 SRl
: L j * 5!
i/‘é 2 =\ 0 Y\ 92 3 L]




|

! oD
| S uUBhy-K)
F- -od

- 2(0) +alo) B IR+ ol + 0(9)

=y
oD
yg) = 2. ak)h(5-K)
= oD
. 3(0)+ ) +1(0)+ &) + 0 (" + Q(&) +0(1)

- 4
L Yn) - 738, 8,8; 1 Gtrctd + (4
4

} L check ’?he ccwec*nesc
1/ a}l Sample\s n hm) “This

of e vesurt: Som - all The  Sompl 8< . 4n)
Valve ‘most be ‘egqual

and moriply b7 “he <vm of—

/'h).gum of all £ample,s Utn) .

£ hn) - ‘) 'fym) . 8.

—

I %e g;uen pwblem Shean) = 8

\

=) hin) - &X6 - 1/8 s 2,910) Pfoved

n N ; ’
/ Thevetore, “the vesolt s cowect . '
/ Method 2
ﬁ'
| _ o e e TEE .
e e -4 g s | R L2 s
(k) L sl
nz-| h(-1 k) S e F
| |ns0 h(-K) i g e 2
f‘ N | ’)(”") o 1 & il
= i hiay) | g RN EE
h:3 hi3-k) = S | i Qwﬁﬁr
7 nllaioes Bl = D=
N 4 h{q Z) 4 o , ! i ) #1 <) ) /
; w e D el S CCERRERES 22 (ool it , i 1 - 1 — —
n: 5 h(é'«li i
) | o 2




y(-,) z &(1) = 3
- 3la)F 3h) = 6+9: 8

A = 2C1) + .la) Sl = 3+44) =8
Y9 -

2(2) + 2U) + 1 (2) + o) 2 6+8+9+ 3 - |y
Y(3) =A9) + 1(1) + 2(2) - Uti+y - g

H0g) = 1{3) + 20) - 249 -4

Ye) = 202) - 4 |

e Uin) = 23, 8

,,‘_‘8' 2,9, 4,43

Method 3

Guen Um) = §3,8 1,03 henys $i 00,97

iliﬁ.l : Wyite down the Sequence 1(6) and hin) as <hoon

Stepys Mqu'PH each and euem, Sampl e in htny by Tne Jamp}es of 1) aqd
—Tabulate The valoes | |

an)
) )
Steps: Divide The elements in -the fable by 2 gl o S
dracs ; e
ng diagonal fines as <hown R
e v oo
8&/7(,: 8f”afﬁng ~Fiom “the lef+ <um all ' v
o 08 ) PR L
“he elements n each ship and a

tite down n The <Same oidey

(—@Fﬁ; S, 619, Eeytl, 6194249, UMY, 2uQ, y

3' 8' 8' 12, q/ 4, lf

Steps;  The &i’amhn@ Voloe of m . ) mavk the symbol 4 at “time ovigin (n=¢

g(’)):— ‘{ 5/‘8181 "QI q/ L[’ L{}
4




ionalé
—>| Bnd -me  Covoluhon of “the Sign

app. 0 e =200 ,

| z D N: -l
z 0 e'“ewhe/e » £ i 1
- 8(n-2 Wey W)
} hn) = §0n) ~S0n-1) + SCn-2) = E-2) L v
-
-3
g/}\. Guen () = 1 or N> -3,01 e , o
= o onay : "»\T» 'GFT' Y2 : AI_M
-0 elsewhere ——;’lh _,jl 0 ;' Ql) :Sr 2 a8 \;jLL\

hin) , 8m)-8n) +8(n-2) - Sn-3) |

wy=J 0 08 2 kgAY
: 4
/).

7)‘2;0 = N-: 'nr-f‘fb = I o =5

“The bengm of the .«Seguence 4n) = Ny4Mg -1 (0 Va4

z S

[ For n

4 - z 1k)h(-2-K) (k) h(-)

| e _ i 1

i ‘ f o f

| Y4 00) + 0(-0+10) + 3(0) 0 G

f ———+ = 3 — (:)i‘ -i‘ ‘tf e
4 + 1(0) + 1{0) ~2 - V( Ao F f | OI’ oo
| 1 b ' o
B0 0 1|t 0.4040 = ’ , ‘

FO{ Ne —|
: b

SYEDN 2T S b=k, :

B

. e 1-1) + 9f i)' 2 0#04 )t oy i

Elfo{ n=1
'; oD
40) - hi “‘-(UN—K) S0 () + B(-D ) - 941 -34i = O
=~




£

-
=
Y@ s E k) h(1-k)

L |

t;~°0 it { {

= t(vl)+&(0)+oC~o)+4(l)
= e S

'
=
-

forn-2

—
——

= 0

— e

- 10,0, -9,0 -1}

A

™ §
e,

- '(4) +l(1) —_— e

Foy n:= 2
——"

Y(o) - 2 A1k h(@ 1)

[:-e®
. SN 1)
I

FDYD :‘[‘

Yly) 1) = 4



: !
( Anothes Method
—_— i
Guen 200 =149, YR K il

x(n)

;/._’/,,_,_-'———
e '/a, // /'
{ i 2 s v Yin)= J 1 o e
74 g // o s { 7 & ) { &4}“ '~'+ :
L % oty ) a\'i,’
” - +|‘a‘) ‘-_"‘—'& J-‘

34

Y(m - il, L 01, -:3,0,4_?1
A
[ oo fimite duration Seguences

—> ! Bnd -the  Corvolution 0
and 1(n) = Blaln) for all m

hin) = d'utn) o all M
é’yshm e Cavsal and

so) | e impulse Yesponsé h(n) = 0 ~for neo , Sothe g:ven

/'
| 9tm1.0 fos neo, hence “he se?uence '« a cavsal 6eguence.
n
Ynm - 2 wkhin-k)
k=0
n n
U
' t;O r=0
oV ¢
[ [ T (n+1)+efﬁ1,j
N+l - N
: a”[ "(E/ﬂ).: -® [ N9 ah - -
o b/a ; n.0 .‘ l‘-—ﬂ
wh n = i 1
en a=b e eg (D Yeduces fo indeterminate foom

“Thesrefov e | app!ymg L' #osiphl ls wle we get

4in) . ol it ['[’/a)m.' [r)n)br)J

; e
' | = a bk (n4) (ab.)n c Q"(ny)

bya -

bsa



| (ovsa h’t_«{ g
|
|

favsal System is one wbase Quipu‘r depends on past and Preéeﬂf’

valoes of the input™ usmg Convolhon sum . we have

D
4fn)y - = hte) 2(n-k)
k= o)

o
= S bhiiin i)y htkyaln-k)

=
K o k;o

\

= h(~&)x(n+a)+b(-;)un+,) 4 h(o) 1ln) 4+ hu)tina) +—— .

depends on e inpuik b '\defendﬂ MPQ‘?’HYPL%
P/aseﬂ+ e : e %
7n}>u t

For o Cavsal gyctem whose ouiput doe not depend on The Fotvare

Valogs of the ‘inpui' , “thesefore the limrts on e Suromartion do_ange @

o : .
Y = 2 hir) Ln-k)
k=0

For o causal <ystem hek)- should be zev0 o 2 “That is
hik) - o fon kL0

- ol = A IS
LA Sjsten Is cavsal if and onJY if ke impulse Yesponse 210

for negative valves of

Fik and IR Spstems

e e ———

. | | fod aaoadin
Lineasn “Timé - En\/av?eﬂ’f 5«/5’rems can be -Cla&giﬁed g
o e Type of mpulse Yesponse: They are

i FGp System

. JIR &7$+em




| pgg 575-}-5,,, 9 ,me mpDLSe y&spongg of the Sycs-l’em is of finite duv '
; . on

“then ‘fhe sti'em i C“"ed a Rnite-Impulse E%pome[pne\%}
; em)

égmpze p# FIR System
| "fDY n:-1,3
htn) - o —forn = |
3 "FOY n=p8

0 ohevwise -

5,_}:@57;‘_2_7’2’_*7: An Jnfinite - Impuke Respon<e (318) System has an
impulse Yesponse oo infnite  duration .
Bample of an 178 £yetem s

hm) - a"un)

—>| Slubie and Uns?uble Systems

An LT3 57/s+em s stable if 7+ pvoduces a bounded Othtrf Seguencg

—for evesty bovnded mpu+ Sequence.

T Some boanded umL @Quence xn): The 0u77>u+ < - onbounded Cinfintte)

’fnen fne sys‘rem o called unstable system .

Let aun) be a boanded /nPul' se@uence hin) be -he Tmpulse tesponse

of the Swtem and 4(n) be the Output Sequence: 'ﬁkzmg magn‘sh)de of e

ovfpoi’ g

L\e- have | 4im] = / = hf“hm-")}
s}

Z o~

Le kow That —the magmh:de of fhe som OF “teyms s less than 0

eczual +p e Som Of magnrh)d% hence

l4m) 2 2. | he))ain-b)

V- oy

’ “The bounde d vawe of e Input ks eiua)ﬁ‘t) M e above Bguaﬁon be come

ymil. %2 b

b ’ k--

[




\&

“The above condHion il be Salishied whe

)
Z hiph 2 &

K= D :
o, e Mecessary  and fficient condthon for stability «
D
= ’h(n)’ N
N-

“The neccessary and Sufficient condiion for tabilits i<
‘ﬂ ~ 5 —
= him] 2 b
N==

Giuen hin) - (‘I/Q)”um)

o oD
2 (P uw] - 2 ()

A System o cond 1o be
] e Ovi
Yecouesied —from The CBtﬂ‘})ui’~ That i<, Khen the ra

coscaded ith s Invexse 57‘*6

inal System s

i sNochated n below figove
Un) of the on‘g.nal \Cn/s’rem. Jhs Concept "”{H J

w(m) = 1(n)
,..._VA.>

{ |
SRR

K'(n)

1 [ gyctem | i) ﬂ_)';;ﬁhi&s’e‘;sysire B
=4 e

and s Inednse

F‘,ﬁ; Ca_gcadzng 04‘ %C S}Sfem

Test The £+abil?+7 of Jhe syd’em whose leaulse Yesponse hin) = [;%f)n‘lm)

Chiod n:0
< Triar o
2 AL () - [ 1+a+ 0% -
: 2 d £l
=
&
Hence the System is <trable
Ivevse Sx{d’@ﬁm a;d Decqnvolgigg |
Ferse system | .
7 . svesrhible if the 7nPu+ —to the -&yd'em can

m The output cofn) 1s egual fo The )nPu+

'dsilil‘
Q.




| mpukse Yespons e hin) and outpu

For example i 4in) = aun)

Then win) - L 4in)
9 the impulse Yesponse of the Oﬂg‘”a’ &‘/.rf'em s hin), hen The
o of nverse systern &6 K'(n) .

impolse  Yespons
Y(n) = 1) & hin)
55 e gmieh i e
[”my hin)] * h(0)
. Un) % [ hn) « ()] [ i) 2 I = gm)] .

2 l(f))

Deconyolotion

e know ledae of the

ke measuveme}rf‘s ;
N ohead and

+ ytn) may be
épph'ecl ~+o The &/‘ﬁem.

“+yanducey 0% @

I Cesttoin apphcaﬂons i
knotw

e ma

FOY example “The $~/5‘)’Bm ma‘f be a-'f’em}gem»—h)yg
g COm) find the 7“F(.ﬁ”f’0 +he sthm b7

Pressoy e +onsducey. Then ©

dech\wlmng y(n) and hin) .

100 fom ) % hen) 1S mown as

TThe Ppiocess of Yecouevmg

de convolgtion . He have

oD
2 a(k)hin-k)
K==

Asxommg Yen) and ho

yin) =

) ale ONE Sded sequence e have

oD X .
g . £ L) hin-b)
k-0

Bom which we 93{4

- 10:40) -2 2(0) h (0)

Y0 = he)io) + hlo)L(1)




Ve
Yl@) - ht2)xio) +hti)rir) + hio)rl2)

In Mt '7CD31nq

) oy o | a0)
Y1) Wi hlor i - = Eva TR
yi2) = | lipoy  Bibny-hghoed - 30 1)
L = | ] i
Y = H X
Nz X
5ol
fom fhe matiie, He get”
ylp) = hlo) 1[0 = 1(0) = %%

sy o) + hlo) (1)

Yy ~h(4)1(o)
/
h(o)

i) -

snm',lasmj y(9) - hea) 1 (0) + 0D h (o)1 ()

y1o) - hu () HiDHO)
hto)

L&) -

-
2 Geneval

(e

n-\ »
yin) - S D hin-k)
4]

i Un) = -
W_h(o)




) = $n5,0,m, 8 4 1Y —Hov a system wih impulse vesponse

b(n)". i ,‘QI .‘?1

Guen Y(m . [+, 510,01, 84 1] and hin : 31,813 .

“The mo.of Sam})\es ' oﬁp\ﬁ' W MNtHg-l =+ -

e mo- of Somples in Impulse Yespons e s MNg=3.

Thevefove N, - &5 . Thatls M) have five samples -

From The eiuah*on

n-|
wWkyhin-
o yin) - Yatn-k)

h(o)

_ FOY =

Olole v

= - ‘
e

hto) |

1(0) =

FOin;gp

rar ) - [1h() Fr
h(0)

2 F- (X8 52
| 4

)
)
=
Y
s

“

U2) = yia) — [aoh(2)+ 1(nh {1 )] xiIhEo

h (0)

B ) 2 .
‘ - :

What s The Pnprf (ﬂanal xn) that  eill 'aen’evahe e ovtput e
iUQhCe v



] foyn:z8
e

)
syt v nolate .l
i e /hto)

Yi) - wod)hid) - 1o)hie) - uwbu)) h{o)

H = (0) -30)-3(9)

W

=il = D SRR 9

or nz4
3

1 = Y& - L AE) h(y-p) / h(o)
L-0 )

= Yly) — LO)N{g) - 1nh(s) Q-ﬂa)h(;a) _1fsYh() Q,hw)

e (0) - s(0) 3y -2y -

“Theyefosie  AUn) - i’!\g; 581
! .

Discaete —'ﬁﬂe tf‘/STLE/’f;” 1

N

Tme {2’35,90259 AQ_QEL/‘KE ?;ﬂ
Gn Fhis section , Me cil shdy obost The ime - domain
4o Hme Sy<tem fon diffevent”

behaviouvy O)C Lineay time -nvasnent diseve

standosd m}Wl‘ Lignals.

Theste oste o basic methods —~ov analysma The Tesponse. owﬁ Q
linear System o @ given input 5}8nal
| The et method ﬁndmg Yesponse ytn) oy any mpu+ éigna‘ plly

USY)g convoleBon <om i )mPoL;e fesponse htn) s known-

The second method s baced on “he divect - Soluflon of the

;di%ence eczuaﬂon Yewwanﬁng The &f&hm.

i



m OF Jiffevence €quation G Oy ‘

o F ‘
The 3ener I . o e

. crete
Lineasi - Hme  dnvavie ot dis

M o
N o it
gl » — £ 0gdln-k + 20 b (n-¥)
Pl = - .

whese ay, § by @° constars:

“The vesponse of an7' discvete _ time 575”'9“’ can be CD’”P&Sed .

- /0 input Yespon
lotal YesFonée - 7ev0 ctate V%P0059 + Ze B pPonse .

[

!f)})u'f— lee |

e  zeyo chate Yecponse of the ‘syiﬂl’e,m e dvé o the -

g gm0 a1 e gy,
'm'rﬁall, velaxed at time M:=0-

On The othevhand, The zer0 7an" Yesponse deFends onlf O

intial <rate of he sytem ot i The 7n)9uf ls zevo.

For on ewample, et vs concidey @ firsk ordey »di‘scve'ha--ﬁme
- |System Wit diffevence equa"h‘on Ll i
Uln) - ag(b,,) + 1)
shere wn) & Yln) Iave inpot and 0u+FmL‘ Yespectively . pet e
input seiuente is ‘zer0 fov nco and the inthal  cendition of Yin)
ot nz -y edsts. _"Vﬁ; 16 Y0 0 . The Successive Values 4
yin) fos Mo are as —fllow |
Fov n=o 2 9(6) = ayY() + 10)
AW = ag(o) +1(y)
0[ayn+ uo)j+ 1))




Y = agli) +n(2)
= af 02y () ¢ axlo) + xi)] +2(8)

- 03
2 02Y(-1) + a*1(0) + ax(i) + 12)

For any m
n = 044 - D)
4 = a7 4en) + a1id) + alilygy Tt o

nH i) : '
yn) = a U(-1) -i-ké_ akl[r)_k,) oy n 70
=0 ; = 5
The Yesponse Y(n) inclvdes wo parks. The vt part depend-c on The

Lol condition of the <pstem and he Second Term depend$ on The 7nF0+,

When Y(-1) =0, The OUfPU‘t’ C10p)) depen& OY)W on The 'infu"’ appbed.

Hence Y(n) 18 Known s dhe zevo State Yesponse OY —forced  Yespon<é o

ﬁhe é%rl’ern g‘iuen b7

N _
ﬂﬁ(ﬂ) = Zakxtr)-k) for nso
L=0 =

on-veloxed. dhat i 9Ea) sE0. and fhe Inpot

m Yin) depends only on 1he
£ the | System . i€ called

¢ the Lystem i 'tn“:ﬁali?
o ool ey ovtput oF the Syste

nihal gate of the system - Then the vesponse O
the zero ?r))’)ui’ Y%ponée" oY _nmLuval’ Yespponse and : tc 'denaj‘ed,bj_

Yoln) = am‘ﬂ[—l) for n -l

‘egua—ﬁon can be exFY@sseA as Sum

difference

“The éohrﬁon of the

of 4wo parts given b7

y(n) = Yp(n) + Ypn)

_wheve Yp(n) s known a2 homogenoos oy Complimerr}mf wlution

HPm) is called Parﬁcu‘la'v olution




andt)

: " \ 7 {
s | : y f A ! meyn PO YOS oY
* Nahwal Response (o070 inf | fod g

f a M ordey discrete-fime sy ha,

The diffevence (::’Qvaffon 0

Con be covitten o<
M
: ibkaun,k.) 0,

N
S oy Y(n-K)
0 k-0

ks ; \
cawhon o 4O with An).e

“The watuval Yesponse Ypln) is e ¢
| Yesponse i$ The .

| “the natvya
,776%40!9 fov o discrete-1ime System
i!\go}uﬁon of 'ihe homogenous 990071’0'7
N |
| Z 0 yn-K) = 0 =0}
g K= 0
f The <olution of aboue eguaﬁon ic of the form
{

1 (n)e Al 5
SUbS‘H”'U’Hng 62 @ n. Q-Q @ : *ﬂ,en

L SN S
Zakxnv =0 iy 9%, 5 - REAL AT i i

b LB, b . |
A"+ a',\n_,+ o . CZN_,)\n—MH“PaN)‘n'N A
AT T IR P
; )\N+a,)\”4+v-.-‘+am)'+a,\|'=o ;.@-

Now, The N ordey chavacteyishic equation can be expressed in
"Faconi%ed —fowp  ac
| O O -®

Wheve A, Ag _ . Ay are Yook oﬁ chavachawhc egucﬂwon

The metove of e netuil ponse depends on tre He b

Yeal , ,magnav an d COmPlex



} The vYeal voots lead to Yeal Bxponerrﬁa’, imag:naw/ Yooh% Sinucoidal
and compler Yoots o exponentially damped Smnucoidal |

D.shnd' Yoo+s

t
?
l ———

§

|

| BFhe voots Mo hg Az o ayy of ep® are distinet, Then # has

} I that case The geneml solution

Nwluﬁons ity g
e of the —~form
gh[n) = ON° p Y T CM)\NY)
eheve G,Cy ... . Cy are avbrhaw/ constarrks. These Constarks are

dgfevmmed by aPPng intHal conditiong

For example it fhe Yoolc are \,,g A& 3 Then

pln) = G L2)" + cags)n

Qe FamLed Y0 O‘"S

’7‘: The Yooks M s YePeaf’Qd m’ “hmes and ’The Yemammg (M -m) Yooks

?are distingt” Then he: chavacteistic egua‘h‘on o,C the sydem i€

[ 2= MWL A Ko JEREAmeg) - o (2= M) -
éand the 8eneml Sohrh'o,n fs. |
Yy () = CCitGantisn™ - - ) g |
4 "mﬂ“mﬂ) RPN (e 6
if —the vooke of the chavactevishc eczuaﬂon are

Fov ewmpte

| : splution i
Atﬁ“o‘?, hg = -9 ond A37‘ :

g then e

.Hh(v’)) - [ C|f6§n] éﬁ)ﬂ 1{— Cs (é’l)ﬂ




| Qg__mp\@ Yggfs
e | - i |
TF 4he vooks ave Complex, hen &€ can  LYITE

}\Q:«A: a+_”>
Mo = A . a-ib by s

“Then e homogenou.c “Soluton ¥ of he form

Y om = ¥0 [ Acosne + Agstn ne |

wheve  v: | g2 p>— DO st Ak gt Are constarrts.

= ‘:OYced EasPOrwe {zevo s’rafe QESPonse)

The forced vesponse i< The soluhon OF #)e d/Ference equaﬂon o5,
—the 8!\/6“ lnPuf when dne Indial conditions arve 36)’0 Ot conaists of o Pavﬂg

homogenous <olution ond PaH\culay Solution .

Thg homoaenov s £olwhon Co,, be oHauned —om The. Yooks o—ﬁa

Echamd’anshc eguation . The  particola¥ colution” Ypn) Isto satisfy e
d%evence equation oy the Spec.ﬁc input $|8nal 1) ,

m othex coosncls HP(n) 15 o Lolgton Scrhsf-/'mg
N
Ll 2%3}9(0—{5) = 2bk1[n~g)
t"‘ t:o A :
The genevol —Fov/m of he particolay Selution oy Seveval mPu'lrS are
gen n fable 4. fiom the “able we can find “hat, i e mPu{'

1ty = Agnon Then p(o) = Ciasen 4 Gasinwn  wheme ¢ and G ¢

obtained b]’ sobsﬁw‘uﬁng Ypin) and 1(n) W e di-ffeyence eiluaﬂonv




a
—

\

“table : Geneval Hovm of parﬁculav solution ~for seveval Types of ?npu# :

-
AUr) Input Signal Ypl) Rarticolax <olstion
A [STEP input) K e
o Eonll oyt
M
A caswn _ "
ASin ton C) Coswdn + CgSIntdN
Cae ol W

Note © Ak, M, 1, ¢, and Cy are constants .

Find the Natvral Tesponse of the System i ibed bj"d;#evence eguation

1

4n) +9(n-1) + Ytn-2) = Aln) +1n-1)

with iial condition Yl =Y(-9) = |-

Gnen Y0 +R9(n-)+40-2) = am+iln-1) — 0 -
“The homoaenoqs eguation Can be obtamed by éiua-fing ~the 7npu+'1€l'm~§-
10 gev0. “That is | s
4(n) +34(n-1) + Y(n-2) =0 —(2
e of The form

“The homogenou,s Solution
e ol 8
Sobsﬁfuﬁng eg@ in ¢g @ Jhen we 8#‘
AN . 02 0
)\n—b[ 7\2,(&)_“] =0
( A43)*=0
Mze-9 hg:-4 ,@

golutfion &
The Yoot afe YQPea“teJ, ‘meye-)cofe The gmeval .fmm of homogenous

b = G0+ ()" -6)




| T e R T U

. ‘ S
g m = a0 +Gn

-~ O
Py n=0 = _WD):C’

I
Nzt = Y= Ct[”).+a°9(")

-3

40) = -G -%

Fom -the homoaenou& ggoa‘ﬁoﬂ |

M:0 = yo) agle) + YD =07 €
G
Qiven inthal conditions 4ve .3(—4) =yl '\
H(O)“"Q'i":{)’ il |
Y(0) = -3 “@'_3--

U ) ) - 0

40) +363) 41 = 0

/ 3(():5 " _,‘ ‘
"‘ Fquate g (B z,: @ then |
L) el = =23

Equate eq @ ¢ then

e 5 = ¢ -y
S - 2

C‘Q,'; -9

By wbs«lﬂuﬁng The @ Valves in & ® hen

Y (n) = C—s)(—:)n+(‘-a)n N7 oy N2o

= EDEN"un) 4 (-9)m =n"utn)

=




b it
2

Find the matural Yesponse of he system described by diffeven+t eguation

) -04h-) + 44in-9) = am) - 1M-1)
when the Intfial Conditions are Ye-1) - yr-a) = .

Given H0) =44(n-1) + yym-g) = 1) —un-1) —0

“The Natoval Yesponse Can be obtoined by eeuahng “the ‘inPu—f— ~teyms o zer0

) - Kir-) +4y(n-9) - o ~“ :

The solution ~fos homogenou..s EQUa'Hon ks

Yy = NV (B
sobstitute dhe eg@ n eq @ then

VRN B
A 0 0h ] =6

(X-2)*.0

/r\’/‘: 3, S )\&: @; - _..—@

: - - vadion ks
the 8Qneml Solufion of hOmogef”C’“ e’%

The Yook are »YePeaffed thevefose
Hx(msiz € (o) 4 Gy-N (+29)"
O el oo il B
For nz0 , The .e9(® becomes

Yto) = C —/
E - - o)

i) = 3 +ac, Ly

i, b o
Appl e @alve M0 N &g @ thery and opply nfial conditions
yl4) = H(—«%‘) =

4(0) = 4y(-1) + 4y (-9 = 0
400) -4 +4(1) = 0
-0 — @

|
|
i




\e

4

—

yp) -0+4 =0 ‘
yn =-4h -0
Eguate The €9 ® 4 ® 10
g(o) - ‘c, =0 |
Egoate  The eg @ o @ then

in=r = Y@) hylo)MHH)’o L T |
{
(
!
|
|
|
[
|

Yo)= -l = St 2B

-4 = 0
o ‘f and Co homvgenous 5010410") e eg B
Sobshitute the Valves of & & :

Y (n) = (2)m (" for n20

Yptn) = —an (2 u®)

==

‘ 4hp diffevence Cquat
Pind the —forced Yesponse of dhe System  © descnbed by the &

" L) = u(n
L) e ')L(n)—r'l[ﬂ-l) foa ‘”PUJ( (Q )

Yin) + y(a-1) +Yn

: 'agrrhcula\( Y%Porm
,ﬂf oNse and P
FDYCQC‘ Y&SPOH&@ Co ains h0m03200)$ TBSP |

g_p[ﬂ) = Hh(f)) + HPU))

i SHng ‘npul Teims 0 g
HOmogenous Yespon<e con be obtained by €qv ng 2 — | .

Yin) +24(n-1) +4(n-3) =0
M par?” A2 g 1
% "?[ A +a)\+1j Vil | }
(?\+|)9‘-0 :
Mz, M=~

1S
Rocks are YePea’red then The genem] Zolution of homogenaus golution

Hh(n)c " +cg).7],[)\&)f)




Yp(n) = (D" + coom. (07 — o
for pasticolaan Slution | The guen input is 207 [ ) utn) -
“The guen nput signal- is step <ignal then the pa
the Pfe,scyfbed —tabolay —foim is K .

C:IP(T)) = E(é)na(n) H@ -

gobstitute the e9@ i the guen diffevence eguaﬁan,‘fhen

<

Co n=8 , Whete vone of the terms Vanish , we 39’4—

K(a) v oe(3) + 0 =Ll
K i U 3
4 4 4

Kt 8K R
4 A

e e R e
Thestefosie the Pasﬁiculav solohion i«
Yotrd = L (g = FE) - O
. The Forced  Yesponse
Yetn) = Ypln) + Yp(n)
i) = et iR~ @)

FOY nz0
: | ,
b)) = o

o Ne |

Yu) = -0+ Ga '+ L

H(‘) = uC"Q‘Q“"—;’ ’

J

ticolag <lutton in

(2w 4 () )™ (43O




Fom the ditfevence equa‘ﬁorv

z (D) -{-'1(")
n:0 2 9(0)+Qy(,|)+y(e—a) L

» i) Hhen 4G
“Theve i& MO nrhal Condl‘HOnS, .
9[0) = 1 - @
For n=i then. |
. 0
4 +24(0) +QH)\ 's?m) +7p£? .
" = L '
Al p s ©. 2 :3’“
- hD - S
yin +2 = i |
St
B(‘) < % -5 __,,Tg’"“ =

foate &g @ 4 @ T
}-‘NO)S‘: C'+§'
¢ BEL -iY
3 3
CI‘/%

o vdoes €
57 éub,g,\rh‘ ﬁng Gia Oy Jalves N ﬂ@

“then Wwe 89{’

n

ﬂ_ﬁ(ﬂ); [.{%)C_')n‘}_ o ‘%(;%)

!j_ﬁ(ﬂ) z (,2,) [,.)ﬂ "'é’(fé/)n

z

and  an) = ()"

):H'(ﬂ&): 0
‘ \1(0) s [;QL)O:,]

L) = 0 becane f,
N

xl) - (__l_i)

o

i) = 1;‘5 e +Z
- By o b
5 3 )
~4 +3+1)
Cqy - ’i‘2+-‘/+-‘g =
g c

I I



1 Eind e —forced  Yesponse  of e 57;)'em decribe d by differential eguation
Yin) —4yin-D) +44(n-a) =in) - 1n-1)

ywlhen The Tn}')u*t' is wm = (-)"uln)

5/0‘. “he homagenous 01 natural Yesponse can be obtomed by e‘i"aﬁ"é

7npu+ +eoms 10 gero
Yin) = 44Cn-1) +4 4in-9) = 0 0
e Solution 150314 homo(?cnous equation ls Gy = AL
M gxrl ya12ag

/'\nfa[ ?‘i-'zﬁ\ +QJ 5 ()

[/\‘QJ 9’= 0
Az, N
The Yoots ave Yepeated “hen “the (?e"em, Solution Of— ho mogenovs %uafmn s
yh(”) G0 '}LC&[Q)” @)
nAu ), Then

Yecponse e Cf

foy pastticolar glytion , The given input i <tep

pasricul @y Lolotion i€ Yp(n) = v (0)"utn) =@

ﬁ‘uer) difference eguah‘on lo

CobstHute he eg@ in the

el - -0+ e ) i

For 0> o, where mone of The e Vanish, we get

K1 ) 14 () e &)

K 39k + 4k = 1+
C)b,;@
k- 9

—

. 7 |
Substrute he X' valve in’ €9 ®, hen

QF(n) - %(-,)”u(n') 2 %(4)” s @



Tesponse and Paﬁl‘,fCu lay ‘

Forced Yesponse Contains homogenad{ R )uﬁqn (o))

Yesponse
Yptnd = 4, (n) + Yp(0)
ﬂgin) = G2 T)Cg(@)” + g(")n -*@

- For n=0
Urolt. ciot
G
§ 9 E(iua‘l’e The Bi @ 4@ then, we ge{.‘_
| For ns o ;
| E el = e
| gii) = C,[&).;-l,c&[g) +£[_’)| ‘_ 9 .
| 9 the ek 5
gEig.

ﬂ“) - &C’ ‘f‘QC‘@ -—:7;)__ _}@

VS ot | Equate he ¢ @é,@%enwed—
f’ﬁom the diffevence eguaﬁon y / ,Q e : 3

3(')9@ .,@

iy a = acw&qg-% =
Y0 - 44 D) YY) = L0)=A()
f’ Yz) +agg-2 - 9
é hese is mo iniial Conditions are guen
| j‘l’cﬁ SENee '

)=o) = 0 i
? o : ! |
| D)= Goun) = b g A = (1) uln) Gir e
: s e

AU-) = O . 5 3

. | . CQ: 'Q_é__ ,;w:gzi

Bl ) Y 9 Aol

For n: = |

”—.lr_l Sol?sﬁ'f‘u+g +he Volves of Ci & Cy Then
| YO -49C0) +4Y(4) = 1) =1(0) we get i eg ®
( ’ n
}' H“)“L]-I’O = -l -~ | gﬁln) o (%)(&)n.{—n(é)(a)n_'_%@l)
| 4(r) 9
| e +q 2 &Y ! 4
1 Yo = £F + DY 2 Aol e
‘, | ol ,,( o 3)@)%))_-} : (1)

! e



3

>y

e

o fsponce

The otal Tesponse s obtained by add:ng he natural response and
%m(ced vagponse

YNy = Yy(n) +Yp(n)

¥ there s mo need Jo find —fhe v%fced Yesponse ond m
in -the <amé wa7 ac Howced

|

atural Yesponse

59Pa’f0't’9’7 —+he —fotal Yesponse  Can be —ound

Y&gloome 7 ”“”’9 the actval itial condiions m.s+ead 016 gefo s’nrh.a

ondions .

find The Yesponse of he system describe d by e diffeyence eiua'HOY)
yin) + 24(n-1) + Yh-g) = Ln) + 1in-1) -

foa e %PU"? Lin) = [ ) un) eith mrhal COndl“hOmc Hf—f) y(-2) = 1

I \S’OIU'HOVJ

/ r
The -Fo:-nced Yesponse Containg homoaenous .Solu-hOn and PamﬁCua

Y = Ypm+ 4ot — O
he vaoaenoas Solutton can be obh:unec‘ b~, egum‘ha Wi Snpot 1o 3010

Yin)+3y4in-1) +Yyt-9) = 0- _,@'
he 8eneral Solstion of homodenoqs ‘eiuahorﬂ; ks | y{n) 5 A
Wi AT PR | i
M2 A2yah +1] 0
e
B
The Yoots ave \YeFeafed Hen Solurtion of homogenouss. equation i
IR (00 g0 — @)

Given ’;nPqu e gh;P srgnat +then The pafﬁcalav Solution &

QP(,Y)) = K,G{)nu(n) —a@ :



giuen diffence  €guation

in e
S‘ubS‘HJru‘hB “he Pam—hwlam Solu'ﬁon n .
D )

ch  we get |
¢ mone OF fhe Term< ugn 5 : : 1

()7 (3)

For n=g, wher

(4 (y) £ F

Do
‘ ‘L+2+K’f q+w

‘; 4
e o
e | \
e |
s g e AT T
QK' ‘ =2 ’C~3

ovation Le €q @)
. Substitute -the Value of» K in the 8’“’8«‘/’ P““%”' a0 eguat eg &)

Iplo) = 'é’(’é -’@

Fovced Yesponse . i¢ ,S‘I;m)_: Efb[nHHp(ﬂ):
¥ : ’ n :
Yln) = & e Cy" N Eni -é—(é) i
FOT n;O . S(O) 5 Cl + _L . g (' p v o .
Tzl ﬂ(!): C|(l)+C&l f“‘) _:6

| HOEE o e ] _ ©
6 .
Subditate n:0 in the given difference eczuaﬁon

. o
L 40 +aYy (1) 1Y) = 21(0)+Un ) . ) = (g) o)
R R Yy o) = (5= |
l y

.’f o) +3 - | g

410) ‘ . U= (4): g




I Fio1nz1 %

| g(o) —i'o?H(c') +4(4) = 1) + 1 [0)
qle) +26-2) + ¢

A\

I
9 !

1) — = |
ﬂ(!) L+ 1 3+;

) 27
1
Y- St - % ~(® e ; o

|
gquate 9 @ 9 @ Equate eq (B @ %
| Yol - c,+é -2 _ U0 ~Grets +hie 9@ | %
Goahl e ‘.%:L;%_ %wgn%_ét,% | %
s ibris sl 1.
o subiotng bevhows of Cigcy g0 208
“hen the Co:npfeha ‘Yaspo‘hse’ ls 94 .é,q a0 _,f___:,

4 > EEO" 4 o) n. (" 4 £ (§) umunse 972

| Te)Pum) - anenum) + 5(3) um

—

/)fjmpulse Eequ_—/li_e _ Sl 4
£ abion of a N ordey system is given by
[ The 3enem! —form of diffevence equathion .

N M Lo
I+ £ agiin-k) = Zbpain-k) NiM o —0
t:‘ k:o

i fOY THFOf Un) = S(f))I e Ob’hﬁn

N M _ A
I 2 a,4in-¥) = 2 byStn-k —®
k-] 0 , i |
Foy n>M -the above eguaﬁon Yeduces o homagenous eguahon

N

gL ain bi=00 Cozl -@
b=

’ 2 ol difrous
We can obtain hin) by solumg 99@ ond ""P&"”g +4he Inthal con

0 defermine the  avbityovy constarts. o
Y T N=m, we have add Zn impulse Yesponse Lynchon b the homegeneous




\e

: ; m 0estiitbeé 0 b
—?| Detevm'ine he ',mPuL;e Ves ponse heny ot Thé 575*9 | 1 The ‘

Second ovdey diffevence 8900'1"0”

n
Yin) = 0.64n-1) - 0.084(n-2) +1ln)

Given  Y(n) - 0.64(n-1) - 0:08y(n-2) + 1)

We tnow he fotal Response,

4(n) > Yp(n) +4pin) ()
1e)
For impvke Xy = Sn), The Parhcula)/ Solution
Yplm = 0 )
Then eg @ becomes

A Y @ :
The homf;genous Soloton can be foond by &,b;gh‘iv-ﬂng P
4 4in) = 0.64(n-1) — 0:084(n-a) =0 2@y o
The <olutton —foy homogenou.s} gguaﬁan, ._9"’\) " 4 n .‘
A _ 0.6 00838 20 |
M2 A 0.6n —0.08] = 0
A% 0.61-0.08 20
| The Yoots of the characteric  equation is
| o N e
The Yooks  ave dishnct then the general SolotHon -of homogenau& 82”."4107“
Ytn) = 6N+ G 0xg)"
o Aptn) = G (o) g (0, 9)" 0
Fr nzos ) - O 3 @ .

ﬁov g = D o Co (0-2)

= D'QC‘ +D’QCQ) _’




From the diffevence equahon
n:0 = 4(0) = 0:64(-1) —0. 68U(-3) + (D) [ o) =8(0) = ’J
= 0.6(0) -0.08(0) + 1

Q[D) =} ____@

mot = H0) = 0.6Y(0)-06.084(+) +1L(1)

e 0.5601) - 0:08(0) £0 0.4C,402 =0 6
5 1 - U

Y0) 0.6 —(© G
; AR S P A e
Compaye the 82 @ ¢ @ Then we ge‘t’ : : 0.}4c‘+0,gcg;o.é

: 5 = O
H{o);cl‘f‘%;l ..,@ OO/IC[-—{:UQL‘Q- LL

“O‘QC(Q - 09

Iy Conpare ) eguate eg @ 4@ Then e get oy

Yy =06 :\O'ZIC‘[“'PO-&C@ _, ,'

B SOng the eg ) g @ we gd’

C@ z ~| and Ci+éy =)
Ty =t =
(G2 B aels }‘

gobstitute e valve of ¢ and Gy In eg (B “then The equation e {
4in) = o)+ (1) (0.9)" Hfor nzo

4ln) - 3fo.4p”um) - (0.97uln)
‘Z- . 3
' Y by diffevence
..E} Dﬁe{mo,ne “ﬂ)e ?mpuhsg Tegpon_gg h(n) “FUY 'l’he ~§7’-§+€’77 deéCbeedb 7’

eguaﬁon
Yln) + Ytn-1) - 29(n-3) = -+ o1(n-3)

iven
Yn) 4 Y(n-1) - y(n-2) = un-y) +21n-2)

\&

Since M- N=9 , The homogeno@g Solohon nclude  an Fm’puls‘e fem

o




’he total Yesponse is 8\19" by

Aln) = thn)ﬂlpm) _(D
particolay @luﬁon Yptn) = 0

For input 1) = §(n), The

4in) = Y, (n) -G . . |

: il by eiua—ﬁ'ng “the umL Tevms o 5

The homgenous Slohon can be e | L

“that s @
- " Uy = 24in-2=0 T

i 0 WU-Hy) “Tis Soluthon ’in e @
Let the homogenous Qloion Ypn)= A & | g / h,

}‘q—%' W QA i = O

An’a[ )\9‘—(-)\-3] )

4 and the geneval Hovm  of the solutton

Thevefore , the vooks ave 1, -
1o the homogenous .ealuah‘on 1S
Yt - a0+ Glr)" + AS(0)

= G 0"y gy (<904 AS) ()
Fom e difference egoation
N0 =2 Y(0) +9(-1) ~gy(-a) = LC1)+91(-9)

Y(6) = 0

=l 2 40)+ Y[0) -29(-1) = AM0) 31 ()
oy =1 L e

M=2 > Ylo) +y(1) -34(0) = (1) +ax (o)

Y)+1 -0 = 049 -
yle) - 1

4{0) =0 .

3[1):‘ j "‘@

Y(2) -}




\ g et
5Ubsh+vhn3 n=0, Mz, and n=& in eg @), ke get”
ylo)= G+ ¢g +A

gy compoving Y0) & Y(o) The equahons are

Cp -2y = 1 Li=0:=1 Y= Gt A
R G| o—,:+o+/’»'
2y = 0 : A=

b5i=0 '

By 5ubs~!i+uﬁn<?' Ci,cq, 4 A valves In e9(f) “ther)

(")) = n - g
4 (0'+0 + (=1)$n) ‘:’,0’" e PYOPeg,-}.f o-ﬁ fmpuk‘e yep ‘|
- umn)-8mn) Stn) = uln) -uln-) ‘

4ln) = un-i) tln-1) = uln) =8tn)

S
9\@\“‘0%3‘50¢ ‘
E} nnd —the 7MPUL$ _Hime- Lsneay

ivarient System whese difference

e Yesponse and m}a Tesponse of a discrete
eQuaﬁon is given bxf

-fime
yln) = Yn-) +0.54(n-9) +1M)+ n-i)

!
|
|
l
[
!
%

Given
ymn) = Yln-1) +0-54Mm-2) +1(n) + Ao —

For impulse response, the pasriicolar Solotion 4p(n) = 0

Y(n) = Yp(n) iy

can be obtained by Jolvlng he hOmogonO&S é’gvcﬂ’w

“The homogenuus Ssolutton
)\ﬂ’ 7\0“'+0-5)“‘)’ =0

n-,
AE(M—N40:5) =0

Az-?\-H)»é';O "@




/\2’/!\__0,540 § I

on
By :soltnng the abové %Uﬁ
_0.366

-

Ay = 1366 and A9 *
pct then e

i homogenots eguatio,
“he Yook are disH

4w - G +@(M)

366)" -@

Fiom the diffeeence equation, ©& £an gide
n=0= Y00) =Y(- )+o. 59(-9) 4,
(o)ﬂ

Ylo) =i

4n) = ¢t 3%6)"+ @'[,Oa

dlo) = ¢ +cy
Y1) - {- 366 C, -0:366Cy : & L
N:l = 40 = 9(0)+0'596~l)+u«)+1[0)
. e = ) #0404
By ComP‘f”.”g *h?e egua#ons 6
':”0) = ';vC’l'f‘C& \
g(') = & = ’»366C4«0-3666&/
C‘ 5.14866

C& = =0 '366

By csubsh—hmng The valves € & by n eg @ then
p el
Yin) = 1.366 (1.366)" - 06:366 (- 0366) s

£+eP Y%Ponse ‘
Fov S*ep mPuf 1n) = un),- the parﬁculay éOlU’HOf) HP(n) - kuln).
SUb&Hvag Ln) and Qp[n) n diffevence eé}ucdwn

bum = kuin-) +0.6n-2) + uln) +ufn-) O

For nza where mone of the —eyme Vanich we gd—

i

! ——;a: 5 '—q !

K 2 K40.50 414

05 = - = V- ~20 >



l gbstitute The Ualve of*¢' In particulay Lolution
Ypin) = -jutn) - (@
-he total vYesponse

Yn) = Yhin)+ Yp(n)
i) =.C

-

(1:366)"+ Go(-0.366)" - yutn) —@

1}

For nz0 = Y() = ¢ +¢9 -4

nz=i= Yh)

(§)

1:366C, - 0, 36¢ Co, 2 y

-0 .

Eor Step Input —From the  difference eguation

n-0 = Hl0) =Y(-1) +0.54(-g) + 1(0) + 1(-1)
Y(0) - I '

Ul = YD) +0.59(-1) + 20} +al0)
o o T e
H(I) < 3 »

o) - | ﬂ ~

EIE 3

=

PR

B Gamparing The %Uﬂf’m‘ﬁ @ ¢
Cit¢g-4 = | 5 1366y -0 366e=y = 8- i)
Ci4ig = 5 5 1:366C; - 0:366C9 = F

By SOIgmg"J‘hg abm{e egeaﬁans Then
£ o éﬂoqg, : c&; _0.098

By subsﬁ"hfﬂnj Thé Crgcay 0 690, Then

4ln) = 5.098 (1:366)"— 0.098 (-0:366)" - 4 ~for n706

Yoy - 5,098 (1.366)"uln) - 0:098(-0:366)"un) - Quin)

—




":V@iuef\cvf doma’ n Y@PY%EYT'*{THO)') of D:éfﬁ?é'l"e “HVYIQ «5’;800,&' ar)d \gy“

The Discaiete Aime Fooriey 11418
od .dwn
S Un)é

Nz —od

X1ed?) -

(@)
The Gnveyse discrete-time  FouvleY fia
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