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"OQ=O pw] x]kv Q=yJ xr=@vO Qy "CU= xOW xO=O u=Wv hrDNt (finite-duration) OwOLtfflCOt |xr=@vO CWy Q} R pmW QO “1
OL=w |xQ}=O pN=O z p}O@D |=yQiY |xty =yxr=@vO u}= R=l}s=Om |=Q@ "CU= u=Um} =yxr=@vO u}= |xty |x} Qwi p}O@D |xR=Ov=

#CU=

‘@=D =@ u=tR =@ Q}PB=vQ}}eD |]N sDU}U l} ’|}=Qoty |x}L=v |xYNWt x=Qtyx@ ’Q} R pmW QiYffl?]k |=yQ=Owtv R= l} Qy “2
|xrtHl} =@ =Q OwN MU=B "OvDUy CUQO Q} R CqtH R=l} s=Om xm O}vm u}}aD ’OQwt Qy QO "Ovm|t h}YwD =Q H(z) sDU}U

"O}vm x}HwDZkv p=Ft l} =} x=Dwm

"CU= xDi=}s}taD |]N R=i =} QiY R=i |=Q=O sDU}U “hr=”
"CU= Hi(z) Q=O}=B Twmat |=Q=O sDU}U “?”
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"CU= xOW xO=O u=Wv sDU}U xU R= Cw=iDt p=YD= wO Q} R pmW QO “3

B =}/w A |=ysDU}U R=l} s=Om xm O}vm u}}aD "CU= xOW xO=O u=Wv Q} R pmW QO h3[n] w h2[n] ’h1[n] |x@ Q[ |=yMU=B
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"OvDUy xDi=}s}taD |]N R=i |=Q=O

R= |m} w n > M w n < 0 |=R=x@ h[n] = 0 w CU= |k}kL h[n] =yu; |=Q@ xm O} Q}o@ Q_v QO =Q FIR |=yQDr}i R= |Uqm “4
%CU= Q=QkQ@ u; |=Q@ Q} R uQ=kD C=}YwYN

h[n] = h[M − n] uQ=kDt Symmetric

h[n] = −h[M − n] uQ=kDtO=B Antisymmetric

sQi x@ |Uv=mQi MU=B |=Q=O |va} ’OvDUy |]N |xDi=}s}taD R=i |=Q=O Tqm u}= |=yQDr}i |xty

H(ejω) = A(ejω)e−jαω+jβ

O}yO u=Wv ’Q} R pwOH |=Q@ "CU= |k}kL C@=Fl} β w |k}kL C@=Fl} α ’ω R= |k}kL ‘@=Dl} A(ejω) u; QO xm OvW=@|t
"O}vm =O}B =Q β w α Q}O=kt w CU= xOWxO=O u=Wv sQi x@ A(ejω) xm

%OwW|t u=}@ O}it O=yvW}B OvJ Q} R QO

%OwW xDWwv Q} R sQix@ Ov=wD|t H(ejω) xm O}yO u=Wv =OD@= I ‘wv |=yQDr}i |=Q@ •

H(ejω) =

(M−2)/2∑

n=0
h[n]e−jωn +

(M−2)/2∑

n=0
h[M − n]e−jω(M−n) + h[M/2]e−jω(M/2).

|}=OD@= CqtH R= |m} hPL w Ctqa Q}}eDl} xmv}= RHx@ ’CU= I ‘wv |=Q@ p}rLD x}@W Q=}U@ III ‘wv |=yQDr}i p}rLD •
"s} Q=O =Q

%OwW xDWwv Q} R sQix@ Ov=wD|t H(ejω) xm O}yO u=Wv =OD@= II ‘wv |=yQDr}i |=Q@ •

H(ejω) =

(M−1)/2∑

n=0
h[n]e−jωn +

(M−1)/2∑

n=0
h[M − n]e−jω(M−n),
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"O}Wm@ uwQ}@ ‘wtHt wO Qy R= =Q e−jω(M/2) lQDWt QwDm =iTBU w
"CU= II ‘wv |=Q@ p}rLD x}@W Q=}U@ IV ‘wv |=yQDr}i p}rLD •

CUQO Q} R |xrtH =}; xm O}vm u}}aD "CU= h[n] Q=Oktffl|k}kL |x@ Q[ MU=Bl} =@ u=tRfflxDUUo QDr}il} OQwt QO xr�Ut u}= “5
%CU= CUQO=v =}

|=yC}Y=N R= |m} O}=@ x@ Q[ MU=B x=ou; ’OW=@ C@=F Q=Okt l} 0 < ω < π |=Q@ QDr}i l} |ywQo Q}N-=D Qo = %xrtH

h[n] = h[M − n]

=}
h[n] = −h[M − n]

"CU= K}LY OOa l} M u; QO xm ’OW=@ xDW=O =Q

’CU= CUQO=v xrtH u}= xm O} Q=O Qw=@ Qo = "O}vm u=}@ uWwQ CQwY x@ =Q OwN pqODU= ’CU= CUQO xrtH u}= xm O} Q=O Qw=@ Qo =
"O}yO@ x�=Q=Zkv p=Ft l}

%CU= swrat X(z) OR p}O@D =@ x[n] p=vo}U l} OQwt QO Q} R OQwt xU “6

’CU= R=ifflst}v|t w Q=Oktffl|k}kL x[n] •

’CU= QiY 0 ≤ n ≤ 4 |xR=@ uwQ}@ x[n] •

"OQ=O z = 12e
j3π/4 QO QiY l} w z = 12e

jπ/4 QO QiY l} X(z) •

%O}yO MU=B Q} R |=yVUQB x@ ’C=aq]= u}= T=U= Q@

"O}vm x}HwD =Q OwN MU=B #CU= =} wo X(z) =}; “hr=”
"O}vmXNWt =Q u; ROC w O}vm sUQ X(z) |=Q@ =Q pt=m QiYffl?]k Q=Owtv “?”

XNWt =Q u; ROC w O}vm sUQ Y (z) |=Q@ =Q QiYffl?]k Q=Owtv ’OW=@ |DU=Q CUO y[n] w y[n] ∗ x[n] = δ[n] Qo = “G”
"O}vm

xm OW=@ R=ifflst}v|t |:ra |xr=@vO l} h[n] Qo = "OW=@ Hmin(z) OR p}O@D =@ R=ifflst}v|t |xr=@vO l} hmin[n] O}vm ZQi “7
xm O}yO u=Wv ’OW=@ =@ |w=Ut u; |x} Qwi p}O@D |xR=Ov=

|h[0]| < |hmin[0]|.

“"O}vm xO=iDU= H(z) = Hmin(z)Hap(z) |xrO=at w x}rw= Q=Okt |x}[k R= %|}=tvy=Q”

|:ra |=yxr=@vO |xty R= ’|va} &CU= |SQv= Q}N-=D st}v|t C}Y=N ’R=ifflst}v|t |=yxr=@vO syt w ?r=H C=}YwYN R= |m} “8
C}tm ’|H(ejω)| u=Um} |x} Qwi p}O@D |xR=Ov= ‘@=D |=Q=O

E[n] =

n∑

m=0
|h[m]|2

O}vm ZQi %OwW|t C@=F Q} R CQwYx@ xH}Dv u}= "OW=@ R=ifflst}v|t |xr=@vO h[n] |Dkw ’OwW|t st} Rm =t n ≥ 0 |xty |=Q@
xm |Qw]x@ OW=@ Hmin(z) QiY l} zk O}vm ZQi ’xwqax@ "OW=@ Hmin(z) OR p}O@D =@ R=ifflst}v|t |xr=@vO l} hmin[n]

CQwYx@ =Q Hmin(z) s}v=wD@

Hmin(z) = Q(z)(1− zkz
−1), |zk| < 1,

xm |=xvwox@ O} Q}o@ Q_v QO H(z) OR p}O@D =@ =Q h[n] Qo}O |xr=@vO p=L "CU= R=ifflst}v|t R}v Q(z) u; QO xm s}U} wv@

|H(ejω)| = |Hmin(e
jω)|

"OQ=O z = 1/z∗k QO QiY l} zk |=Hx@ H(z) xmv}= w
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"O}vm u=}@ Q(z) ?UL Q@ =Q H(z) “hr=”
"O}U} wv@ ’CU= Q(z) OR p}O@D |=Q=O xm q[n] R=ifflst}v|t |xr=@vO ?UL Q@ =Q hmin[n] w h[n] “?”

xm O}yO u=Wv ’xr=@vO wO |SQv= ‘} RwD |xU}=kt |=Q@ “G”

ǫ =

n∑

m=0
|hmin[m]|2 −

n∑

m=0
|h[m]|2 = (1− |zk|

2)|q[n]|2.

xm O}yO u=Wv p@k CtUk |xH}Dv R= xO=iDU= =@ “O”

n∑

m=0
|h[m]|2 ≤

n∑

m=0
|hmin[m]|2 for all n.
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