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R0+ o (37t 2 (509

[b) Find the dlﬁemence eeuqhon ne ahna xfn) cmd ﬂf'ﬂ that
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Chq:ﬂCleUnZe)L 'ﬁue Sgstem.
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the ihptll? (h+2) (—;—)nu‘ﬁﬂ-- IF 'ffwe_ OL\kFLtE -Efr | ’H‘)'\.S SUs{em is

d(n) - ('%)“Llfh] ’Lﬁh0£ |5 the inpu{::? |
Griven,

We KnOLO {-hol:’
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(l-de‘jw)q’
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R
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? (4 &) 7
Y(eJ“j] - _._e_:)_‘f—-——-—- Hle! ;') /_(il_i]
i' QO+%eﬂm)’ e
l ~Jw
H [edm] X[e:\m] _ e |
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X{ejm] . e-JLO i q
A= _}56-3@] (-1 )
X(CJ“)] -,j - ﬁﬂ——” i,
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\+~P | - 5P ("‘QLP)

COTT)FGTI\’B Coeﬂ-,c\enl;s - A([ _LP) 4 B (H LP)(I P)-} C ¥ P)

TR TN
( ) c(gp)= 1 »—P
H--P a z°) B w—(fz Z/P + =P
A+B+cs| A +%-'-—¢ / %—%w
anyC= 1 LAyi-an . oL A= B
| | - B B-3
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By taking TIOTFT, We gek ;"

e o al (n-ﬂu[m[]‘ _JLO]

Dekenmine  the neSPonse & 'the Saekem with 1mPulSG

[esponse  h[n) = J—) ufn']
| W
'when  the' - mpuk-’ls' {:be complcrx exponentia| seguence

I I

| ofn) -, fn ~® L YLD
| | Sl ST
| G iven hfnj, a) u(‘n] Lox) =
HiP®)s ———
- ’l—-é'—e'ﬂ-t.o-
1| 4__:—'.. i ! ‘
At w, = T 3T, | DR, SR
-_,6&., = H[ 1 ! _‘;_Le’)“[?‘ '-\"'\_j..:n"! ]
€
we Know that H(g"”) : (H(e““%
' g1 (13 J(—QGBS)
= e
m - Jagx%
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- ';—-—-——-"" € 3 \J"g !
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TOPRESIR : B ‘?
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(LD Detemmine the  mesponse g lhe system with impulse
':ﬂesro'\b@ hind= (4)aln] T the input signal
| <N O,
H x{n)= 5- 5 sin(T)n+ o cos (h)
e _ 5 sn{3n
P ooom- () ue) Fon 0= @ #(%)
I -—
n H[E‘Jm—}: ——‘——"‘ . \[eJ‘“} B | I
bLled® EN
| : j 1
ch. Ar)= 5 ©S 0 - (*%
W =0 1
" =$ {_ f :l g rD lH(eJm)\ _ 3\[_:-
) | 1
4 | H—{ ) 5
.’: - '?}i &@ = {Gn-](o)-th“(”_z\’>
LI . = -36.6°
1]
H Jwa) | 5 sih(X sin
lh (') - a in (T ) - 5(%)(05(251_@
R, 5 cos @) = 5(8)- <05 (0 +0)
= \0

; (( " Acos weh = A ‘H(ej‘“")\ ¢os (wen+ e(mg)ﬂ

Fom x(n) = (o cos i

| Wo =TT l

! elWo ‘ = = "_' = a
i H(eJ ) = |__gz_e—5TT l"!S('l“Q) - 3h B!
| o .

R LICR 3 e o

lo_cos (1) — 10(% cos (o) = 22 cos ()
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Efﬁ] = lo- af§ ¢&in (%n— 5,)5.55"’) + 3—39 cos(TN) k

Linean and  Non-linean Phase :-

Topuk signal ! LTI SSS\:enq\ ' CULpuk- Sigml.

x{n) o y(n)
| . m— a:En’J ® bW e
| DTFT : T \
l ' C y[J‘U'J X [edm'] . erdco] oukpq& is, “inpub ting
E \ ) \ p oyt o] e nﬁl{ip\(coh’vc ik
| _ olp | '-lP “‘\lIE\P\\CQHVc qucob'\

|
- ol should be exack 7 Y1 = ofp > Ampli \ified * vevsion & ifp
1 =eplica & he i|p- A ,< |- = 0[9—-3 Abtenualed  Vewsion, # ip

-~

| LT 2 Amplified

- v X)) o) {-:A:)P‘ \el:e

| — hi) —— et

| . \_7 Co mmun |cqhon

- e A channel {distontion,. lews’)

=-.> 'Ihe kmnSmxSSton 8 Sald o be dls{ontmle,u it the n]p

ard olp have idenkical " wave- Sthes um{hm a mulhphcq{l\fe

L jF«:hdgcm{ccznshht— and q consStantk Hime delqa

| L‘dfn’} & C::nw"m[n‘—ndﬂ' . -
| ‘L k—> time- de{q:(.f

DTFT Multiplicakive
constant- | Jp—
w) B I LYINE o b
14 Cand IR X[e]. e | o) 4 XTe
/ B o ﬁ[n-hdje Xf’e‘w]

~———

By -~

g it . Lo <end
’ Fon distovkionless transmission \ e
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| 0 The Magnitude ?&Fonse [H(e:’“’)] musk be constant e,

‘ H(e“m)\ = & G Constant
® The Phqse PQPO“SQ AH_(@ must be a linean funckion
‘W with slepe "-ny"  and nkemcept 15 “Zeo - |

(cel (H(e‘*_m) - —wny T’ [hE”)

&

4}@

Sys kem fox  Jistemtionless Yransmission

(12| - G [constant] 5 Gain

. . ‘6'1'.
@E\Ie:md Specbnal compohenk IS mu\’ciphed bﬂ a conskant

delayed b3 Md ' Hme anils.

/yl;inec'm phase chamackenistics ¥

@EU&S\&d SPeCE:ncx] component e

Fom diskonhonless_ Tyansmission

o Ly Phqée.hok onlnd a linean func
g “w’ but should alse pats
'Tfrmouﬁh The  onigin.

| - (w=0)
\' _ 1
- Ph delay and Gmoup_delayf:- |
Phase delay_and FEEE= g
| | yfn) ‘ ‘.‘ t_
x(n) LTI |- i | ‘F

| ) ,
P

l

H[e:'“)] = Fﬂeeuencﬂ Mes ponse

S?jsl'em




: ¥ Fom a linean 'PhQSe 'éprtfcémum [who'g@ "Phqge Vamiés |inecm|a
with {nequencg} =S both the phoJ,e':delqéf and gmoup dehz

s ame Cconstank..

Phase Delay -

f———

when the signal pasees ~thnough the Stdskm is mefenmed o

i " The time- delay eﬁpemlenced by a single fneguency  Signal,
|
a3y phase delay.

l

Phase delay: E,(w)= ..___—’Hl[‘ej“ﬂl

W

) = -
i ,‘_._,.L'ju.

i

let us -assume that the ilp signal s single fnepuency signd|

()= A coS (wen+©)

T e #
‘ _ _J(Cﬂoh-}é) —J(m N 46)
' x(n) '—"9[ G +e
B i o Q
K :x[n'] T —/:\- ©)(wen @) _fi_ -J(Weh +9)
P QM

Q““L’@—%Jm-,

X[&@)  system \/&jw']

Sﬂetem -Fmecauencz :qes‘)o noe,

|
|
|
g
|
|

H [EJUJ'] 5 H['em] (

-— —_—
Magnitude Phase




ir - System olp Svancd s given bb’

4

HD{} = ‘ H [., J“D]I GJ(LUon"\'S“' &_)
, \_/——f“"'_)
Magnitude Friese 3
A g e I
= €
Q;_‘/’) PN ST

Since, ngnﬂude Phasre

Jws .
( H[e ] , = [ H [eﬂwo] —> Magnitude is even 'ﬂmch‘on o

Jmo —Jmo i '
1 = Phaﬁ,e is odd ‘Funchon ﬁ(’r Wa -

9] = ( " [‘em]l 5 (w n+9+ (H(e*“n

+

: Jees
-5 (wn+0+ [MCE )

2 H(e"“"’)]
IO) = A JH )] cosfantor (D]
| 3[};] = A { H [-e-'!‘%]J cos [mn (n+ M) + 9}

f () - . I : S = T *
P EEETe,

Wheme , Jog 18
A 'rp(w)/= Ty = - [AEY 0 eray

Wo Weo

Time de[qg e'xPeTlienced b‘d.'ﬂ\e Sing[e {:ﬂeeuency Slgnqﬂl
LDl'l’F) -F;netguencd U.'.)u u)hen 'L’ IS PG-%Cd ““’.,:.’ougb E;
the S(ds\-em - ‘ "

o
: .
| i‘ ]
o o
\ 2 v
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% A ﬂea&\-ive Sldsl:em phqse Nesponse at PoSiHVe ‘Fﬂeguencieg

indicakes  that @ signal is delayed in time when it pame
thoicugh  the system.

1% A Po‘sikive SHSI:em Pﬁqser-mesporise ak Posil:i\le 1[\1‘_19‘2”9”5*%
indicates that o signal is advanced in time when it

passes 'Hmou‘dh the SLdskem.

G\v\oup dela R

IWhen the mpu[— signal conkqmg manej leFe:nenE SJSDQlS
Emanﬂ sinusoids]  with diffenent fwepuencies  that ame ot
ha:nmomcqncd selaked ,. each  sinusoid [ngnql / component will g0
th”“’“‘ah duFFe‘:nenE phase delays  when passed thacugh  The
'SHSL-Em

&——} Gmoup delay 1 Tg (@) = -d ZH[eJ"‘)] _ —de(w)

qvoup defoﬂ [En\felop de[crg

= The g3oup delay ak each ncmeg'clxeﬁca;' epuals 1o the neao.kive
| s the slope & the Phqse ab  that -Frleguencah

TF 'Ta(w) = constant . Then - all  the .SihuSOIdS/:'ComPoneh{'S ane
delayed by the same intemval.

Tdeal Cg_ Practical  Filkens -

'\\‘\&O . g i[rﬂ | [‘E.m)j :H [n] iNFo (’Tum S'ﬂnqﬂ
e ?ﬂsﬁr;a
; m

Sig

y(n) = =(n) *h(n) éDTFT: V'[ej‘*’] ,x[ea‘m]_ H[‘eJuJ]
ffoment

[‘em] = weighted- fanekion ’SpeCE‘nq‘ shqpma function 1o di
Nepuenc components  in  fw i[p Sign
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5 Filter Blocks 51
Filkem - P
o) - 3in) o —> Hfe®)=o
H EGJMJ] — ) Allowss
- I L G R e
g at wel

Ww=2 = Y] = |

L)Allomsmmpfel-e(a

e . ok w=1
% Tdedl filtens allows distomtionlett  tmansmission £ centain

band of J(\::‘\etgue-ncies',kcmc{ comp(ekel-d suppaeh  the memaininfa
{Meguencies. |

¥ The poss band & a filkem is the band & Toeguencies thak
ane passed  Thmough  the - Sty stem.

* TThe stop band & a filken is the band & | fmeeuenciss thot
ase  abtenuaked by the system

|| = — Fass band

\ 0] =0 — stop band
© Tdeal low pass filken  (LPP)
| é@_Ideq\ high pas® filken  (uPF)
; @ Tdea] Band pass filken (BPF)
® Tdeal Band Stop filtes (BSE)

(5) Al pass filken

(He)
1 Low Res Filkens T e
o
Step GleP
ﬁj Bqnd__:w(///;o //* {%\a o

- % cuto E_f é md
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| | i 4
Exr () = 4 kHe , & kHz, 1-5 kHe

—
—_—

( walut I e e

i
UJC:: l'q— KHE’

Allows S\'gnuls which has f*reeguenc-d

lets than we= 1-¢ khe

Low Fass Filtesr (LPF) —5 Pags band : w = o to We =3 pasa

Step band i W= W to T = aktenk

;.1.5 A Loo past filkem allows only  low f:n'eguenc'cd signals
and attenuakes the l‘\igh; fmeguemkzr ‘-Sl'gnq[s. '

|

: 51 Tdeal high pass filtem (HPE):

| . lH(c:‘“?)-\ ;
Pass bond ) | Poss band .
T we o L We oy g

= High pass filtem allows Bigh ‘Fﬁlezuenmd _S“.an_(s and O&Eenu@k“
lowd Fﬂ@'ﬁuencg signals. 7 RS

HPE __— Stopband  which exterds fnom w=o0 to w, ([oao‘ free)
Fass band  which " extends {som w= We to "- (high fre)
3. Tdea] Bandpass filken’ (BPF): '

I RE) N
pe | P8
sB ////4 ot %///1 SB ] .
:“' =Wy _ip, =0 o w, Wo Wy T‘T g |

BPF 57 Pass band  which extends foom w-w, fo W, (Pﬁi&?ﬁ
|

| \— Ezcept qusbqnd all othem faepuencies ﬁel‘ aktenuoted-
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[ §. Band stop filkem (BsF):

eall
» l
P '
\/// /,\ /// % P 1
_ V7 = ////’f/ Pg” ////f, 33 ’///_//// 4
- -2 =Wo =W, o Oy ulh m’?— __{T}_————'i

BSF— Stop fmesuencies '”éacl:eﬁc'li'na' from w=w to w2 and
passes  othen ‘Pﬂeeue'nci‘e%

5. Al pass filten:

\H(e‘“’\\ | .

AN

“//////// 7 i, ///;

= All pass {erm is chachkenized by a maani’cudé eI ponse
‘H’)C\k: s ‘COhSkC\F\\T ‘FO'-Y\ Ql] .“Fj\e?uenc{eg.

% D

= TThe chamactenistics | & an al pass filtes ame completely
detemmined b‘d its PHQSe shift chanackemiskics.

= An all pass filken has a von-constant H:ﬂoup clelcud e,
diffexent = fmeguencies in the input ame de[q.ded by

differient amounts.

Ehe:nﬁld sged:ﬂé\ Density- (Es D)'

Pigeval's  theomem Telates the tokal signal eremgy  in

| : . Signal =< (W)
P! x y B
| | Fe = =[x -
" he =00 DTFT
( i Jw 3
| T g ]Xfe ” dw
' ll

J% PC{J'\SEVQ\‘S theonem states that the Ehe:ﬂatf Ew mqa, be
 detemmined  eithen bg CD"’PUH”8 the Ehengy  pen unik  tHme
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©)
=, By inkegﬂmkmtd the Ehengy | ped unil ﬁ'ﬂf‘?((('lwtr/

e

[xee)}

o A
ovem o fall R intemval o dislinet  disemete  Aime

i “Fmeguenmej ‘
| Xt = E“mag e, ynik,  banduwidth {1 M]
L__—\__.J "

ar

ety Enetn‘gﬂ 'éﬁéékgwh"\ ” denei[\i} fEsp)

& the slgnal x()
: 1 X (e'd] ).'L =. Y, [ei.”o:] ._.__) Esp & =(n]
§simi\cn\g, & ol ‘

)]

| (ermjl _«r [em] — 0 & y0y)

A':'.i:"J- JJri)’ . 1,951 ‘ 12 J
e TP, "‘,'. “[' J A2t edd) )" i
| ) Xf’e’w] ‘g4 : [} rejm] g |
ol GESAN O H[‘e’@] ’__’—.’Jrﬂ it s,
Gtdzine 100 )t,‘;! 2 “; e die
S PR B fem] . [ew],

rl H;.’

‘ y fémjl ] H [e“*’]\ { Xfe“])
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ipg olp < sfe’“’} IH [ g fe’ﬂ

energy specral. - : ‘ :
densities, .
iy ghp ehengy SPecl-TaJ _ ,“-, en’e:‘ygy SPecl-Toj
density RN

' densﬂg

Powen Spectnal  Density (_Eso);.

Eneagy signals = Enemga spectaal ‘bensilzg (ESD)
fowen siﬂnCﬂS = Pémem'speces\czl Density (Ps[))




rsp = obtained fnom | potden signhals bﬁ assumma powe

s\anals as \umhnta case & an Ene:naﬂ signals

I

-OD

< T > 'C([h}
- V. M ial} ,--a{\‘1 Q N ) Fil P.S w‘
:f‘\\[“] =2.E9

Considem ' powen - signal - g infinite dunakion -

- Tokal Enengy & d"i:oLoem' siénq\: Cannot . be detenmined,

we considem  kmuncated \igms‘ndirln ek o) as DCan]

! Powen Small pavt 6%
TI[h'] ;o -N<SneN Sl3 truncebed Versien oo
Lnfnl = ; % ()
L o ) L Vothemwise;
Hnite duS\QHorf{; =] S _S_ne:qaed ‘S\‘anol: (
DTET
o ) = Xy fe“‘]
i : ),' AN | [ :
then bg le?\"ﬁﬁg':‘é PqﬂsCQ;&\'S 'Tf—»eomem; i
T - i
T4 et -, \ ' e
B (5. \%m] “} |2 (] | e
‘n—- © L 1
N o
6= \:(Nt“]hr =) g KN{CJLO]\ dw |
N | -w
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Lt X Te ]\
e QNH -Z ‘m“fnjl N-9°° antl [ l
- ' ‘nff (e RIS ) 'J \
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ML-aco QN-H ; lt)j”[ln‘” JW NS® T gnal
\__H,._L_;-/ > T

H\Jenaﬂe powe?) e s
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i ‘ T)':( = e— j C ((" ] )
L R LTI e i |
Poten thrh’oj clens ‘l(f(PSD)‘
-5 Considen an LT system  with f’ne?u@ncg lesponse fiew),
inpuk = fnj oukput Yy, (]
— TF o(v) and Y0r) ame 1 powen aignals o Then  theim Psp

1 ane G (e39) And Gy fe*'“’]

o
v (el
Gnac[e3“3] o *l wa (B0 gyl o] WE)
| E b NSRS " ana
el b vl bt | Lt < i e L .
[ fhen J '
TR TE N S R T N
lyN [”eJLo'] ‘f o l H![“edw'] X4 [*em')'
Fai o
2] iy (et} . -
M.aw 1 YN [eJm]l ‘ H re_)uj'] ‘ 1X|\! fe“’])
- 8N K N%J ant)
6‘3 {‘em'] =) PSD fﬁ- "j" gﬁ{nezicw b ! Gmfe“] = PSD & mPL&—
€ P
%

Gy ) = | g arjj

P:r\ob\ems - ,
_—.‘=—-——- !, }d : )

) G\Nen ’chok' '&(’fr)') has 'Fou:n«e:r] t1ansfonm x[er'],@gCPnex,g the
-H)“:”'e:” l_—mqnsfonm & 'W‘e 'E)"O'-ﬂlna 8|8nq15 in Jcer)rns &

xrem] ac ch 'J ~DTFT 3 [‘ejm']

@ oGn] = «fi-n) 4 X (-1-1)

’/\]e kﬁOLD 'H'\Q‘T [X‘[b') GDTFT X{b_‘]w]
By using tlme sh\ﬂ:ma _ Propenty.
r e
(] s X(ehw) - e
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-~ -P

k.

ofnel) — X je Eal 5
: L.
gmilanly, «(n-1) «—> " x [e")-€ (_Wih"j\)
- [t 4
xfon-i) <5 x [4)e” (Reversd)

Given, A(n) = =x(i-n) 4+ =x[1-n)

'.F{’J:;[n']} = ]:{:I[-{-n]} }:%ft h_.}

x(€2)e?s xfe])-¢

= X[(E9) (Acsa)

x

[ g

mw

<5,
\

\

X[ - 2K - al

:'3'- 7-1 JI
7

) Zszﬁ) = ?C[:zn.ﬂ'] #

- - .('4:
F. = P
I s XA E <, .-
/ x> Jw') 34z .
d[.n‘) X[e H" \ r~ *?“\ “;‘:-
-fi"—! :.: ___-‘5 _ :{‘15 ,);

Vnmﬂ Hre shrﬂma Pmpeﬁtﬂ

i) e X () e""’ .

f . i Sin

wmg bme Scahna P‘!cpﬂ"\hd

Ufz"*‘] « xle }‘] SBihe
© afa{n'] | oc:['n]%acfn']
»y & - alde B
) > f(e*ﬂ] oo

~ Using  conjugation pacpenty,
L o) >  x*[e*]

P ST e ST R BT
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-

vsing e Nevensal P"OPE”‘EU,

CI* (‘_n'] — X# (e:lu)]

Pleemi = % ( xfn) + “*’@},
: foctnﬂ v F {m*m“s
ra(ed- x "y i)
4 ., g J & - i .
:XBEEMJ = X (i) + 'Xf(:e,'!"’J . P,fe_{’ ¥ (e*] |

@ X m) - "-(‘6'—01':05[%']’» ;,
) 2B K)oy
o) = n:xrn] anxfn'J+l acfn]
BU dif fementiation .l?ﬂ 'F:\eguency domqm p"\opemf{j

naf) = 5 dx(e]
f de
By diffenentiation {n foep domain ‘pmopenty,

ﬂ[ntrl‘n'l—_‘ s 5 [ d- fx[‘exnj]
neclh) s 2 d> [‘EJLQ] #4
dw"-)

o(n) = woln) - 8nx(n) + x[h)

h)

Plx} = F o] - 2 F{n'x&ﬂ} + 'F{«anJ}

Xeles) = 0 & x(elo] - aj a4 xre-m] s X ()




| j_ﬂ_‘_n «(n) «— wfpsr) «> MM f2)
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