I
i

{ { { HHT? | JHMPJWWW,W '"""“AV‘JHV,\\M ﬁ‘ Jﬁ\

PROBLEM 6.1:

-2 0.4wn
X[n]: e" zeJ

ylnl= XxIn) —x[n-1}

-3\W2. 0.4wn Wz 0.4w(n-1)
e - g el

—
e

ANGLE =54°

— -2 )0-4Tn -jo.‘hr)
e < (I B e or O.?42 faJS

ijW
= 176 €&

".002 0.
= 117 e "‘ejo 4nn

A=1176  @=-o2m = ~0.628 rads, ot -3¢°
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yIn)= (xn1)

(@) x(n)= Aedfeion
yIn)= (ALFeY o fleifoi?®n

() No.
The OU+PU+ canme be written as

yIn) = (@) Aedf ™
\Decause Fhe_ Frecbuev\cj has ckanaed
The new Frecb. s 20 —
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PROBLEM 6.3:

)} [ﬂ]: X [-—V\']

+'t:.)n
eJ

(@) xinl= Aes? )
Ji= AP U Al
(> "\ll:\)e ou’rrtﬂ' canvot be. wrii’\'en as
yIn = (S Aetel™”
because the Preﬁqu has chaujecl
Prom +& to -d.
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PROBLEM 6.4:

)'Yn'I: 2xin - 3xin-1) +fon-—7_—\
AN _ o 1 o b
(&) H(S)= 2 beed “ o 2 -3¢ p26°

k=D
SSM?\\'Fj with Sjw\vwe,*fj'.

H(D) = —“wé Zej&—'ﬁ +2€f-‘3%

%zw\ IS MAG, EXCEPT
FOR A PossiIBLe aumnvs SIGN
A
(b) cos w has PERIOD = 294 = 9((,1‘;) has Per‘fod

Ld) OuTPuUT 1S ZERDC WHEN 9((“3) =0
= soLvEé 4Gcosd —2=0 = &= c,os'(%)
(c) =to.23w

MAGNITUDE of H(w)
8 ! ! !

| &————— PeRICD =2 —>

DEGREES

-200 1 1 1 1 1 1
T 2 0 2 4 6 8 3
FREQUENCY (omega) (radians/sample)
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PROBLEM 6.4 (more):

s0.,077m

(€Y H®) ok &=Ws is H(%:)=o.8838€
Since  the &@D response alters mag 2 phase
of ¥he inputr, we 3n ger evtput viat

= Sfﬂ(%'\\: Cos(l\r—_gn ——T-;—:-)

= 3(1\']; D.883%8 Qos(l‘in — 0.5 —-0.0777:-)
— 0,8838 c,os(—-—vx——é)-S")’h') for adl n

Anothen aﬂoroach which vses \\‘neaw'm‘j;
Tr%’i \ éj"“/n
st 3- 2_) ,

2)
= e - / oy
y(vﬂ‘— ?((E‘ sz e’ — 9((‘%)“5_36‘3

5 (%3 =0.017r) - (Ao °77"’)g

5 {o.zgage _p.838¢€

— 0.8838 s;‘n<%n —O.O'I’hr)

NeTe © THIs METHeDS TRACKS THE FosITVE
AND NEGATIVE PREQUERCLY COMPOVENTS
THROOGH THE SYSTEM  SEPARATELY.
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PROBLEM 6.5:
yinl = x[n] + 2xIn-1] + x[n-27]
(@) use filter coeffs~ {be§=5)2,1%
H(dH)= 1+ 261%, ¢
.‘1\, ‘:’ _ ‘3 __Jl.ﬁ A_)
b)Y )= e’ (e +2+&? )= € (2.+2cosw

phose = -5 MAG= 2+2cesd>  |HI= 4 at &=0
LA AT O=T72, H) =2

AT l.:)"'Tr/ ’H\:O

(C.) X[ﬁ’l: |0 1’4@5(1%'" +%§
; ] _4 TN
= o+ 27" 4 2€ el
Jil= oA @) + AHmyze el "+ 2HT)

Alor- 4" H)=ET(@)  Alm)-2¢e

- -\%n
g% )

e

e | AL e -4 _-)Tan
7 yi)= 4o + 4’ oM™ 4’ e?
— 40 +9 cos(Tn ~ )
LCL) )([vq: &fn’\ —_ y‘n\: &(\ﬁ’\ +2 S[V\-\’X *’8("-2’_‘

> ‘/z/—/h[“’\
-1 \ 2z 3
(€) xinl=ulwl

)’i'\'] = W] + 2u[n-i) + ufn-27]

yinj=o for n<o

v (o= ulei+2u(-1} ruf-2)= I+roto =
y[q: \,\[n—\+2u[°']-\—u.[_-l'§> Vf21t0=3
\/[2,]:\1[2'} s2ul] +ufel= 1+2+1=4
yinl=4 for n=2.
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PROBLEM 6.6
@) yInl= x[wl-x[n-27]
The Filter coe{F.caev&s are %b& al

)Nk —JZW

%("U) Zb = l —_
F(5)= e‘J‘“( &%) = 2e™e sind

(b) MATLAB Flo*‘s

Magnitude
2_ T
L1.5¢
2
.g ’
[
= 0.5+
0 1 1
-0.5 -0.25 0 0.25 0.5
Normalized Frequency (®/2m)
Phase
o 1T
5
5 0
<
-1 F
-0.5 -0.25 0 0.25 0.5

Normalized Frequency (®/2n)

(C) x[n'_\-.-_/'4 +cos(%n—-1£_)
Need 7 (o) L Need #(%)

(oY= 23 %sin(0) = o

7_(_(?) 2€JT'72_ J“’A;in(%—)= J—Z-

ylnl = 0+ JZcos(gn-T+7%)
=NZ cos(§n)  forall m
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PROBLEM 6.6 (more):
(3) x,[n)= x[wlulr), se xinl=0 for n<o
The FLR f[lter is
yln)= x[w) — x[n-2]
Once (n-2)=20, the same nombers are
involved in the c.alcula-"fw) so x[n]r-y[n]
Lor n=2. When n<2, then x,[1-2)=0
owd X, (n-271 # X[n-27], 50 W[v1# Y] for n<2.
Here ane the octusl Valves for y vl
winl=o0 for n<o
yilol= X0 ~x[-2])=xleT= 4+ V22
wel= X, 0= x[-)= 0]=4+1 =5
wi2)=x12)-x0]= 4 2, -(4+34) =0

yWinl= T2 ces(gn) for nz2.
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PROBLEM 6.7:
(a) H(e/®) =1+ 2e /3%
Solution: Use the fact that the frequency response for [n — ng] is H(ef‘b) _ i3

hin] = é[n] + 26[n — 3]

(b) H(e/?) = 2e773? cos(d)
Solution: Use the inverse Euler formula to write the frequency response in terms of
complex exponentials.

H(el®) = 2613 cos(@) = e~ /3% (ej‘b + e—f@)
H(ei®) = ¢=120 4 g=i%0

= hln] =3d8[n — 2]+ 8[n — 4]

Jé
(c) H(e/®) = —
Solution: Use the fact that the frequency response for an L-point running sum filter
is:
HL(‘—’M) — o JL=1)/2 M

sin(@/2)
Thus, we see that L/2 = 5, or L = 10, and we can rewrite the frequency response as

joy
He™) =e sin(&/2)

because (L — 1)/2 is equal to 4.5 when L = 10. Having made these identifications
in the formula for H (e/%), we get the impulse response of the 10-point running-sum

filter:
h(n] = uln] — u[n — 10]
=48[n]+d8[n—1]+38[n—2]4+8[n—3]+3d[n—4]...
+48[n — 5]+ 5[n — 6]+ d8[n — 7]+ 8[n — 8] + 5[n — 9]
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PROBLEM 6.8:

(@) M)z«i‘:)

H(5) = (/+e‘5“°)( - 2cos(2%) €N + €
=2(%)=1
= (1+€9°)() - 9% 4 &322

Ly A < A 24 _130
-0 )2 +é"’“—- ) “’+e_J

Difference E%uah‘m y
),m = 2] + Xln-3]

(b) wWhem x(n)=&0w1, yinl=54x1 +5(n-3]

%mx s " This ¢s hin], he impulse
3 n respomse

(L) Need 4o find where 2 (B)=0.

\3
2?0 =0 0
cq A AT n
e -l
ey,
« ..J“'/'s -JD'IT‘ 3
— e'\u = € -
= o= - - 2 /Q:O’ \, 2

yiwl= 7¢(2) peit i
“Thos when Z(D)=0, the outpot i 2O,
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PROBLEM 6.9: W TR all mm
(a') H(S) = (l“ C_‘j‘:))( | ‘Z(U.S’)QOSIE. .é—J «(0.5) e—- 2‘-1)
o o -2
(1= (1= BT+ £ *7)

= | —'"‘_ﬁ*z)ﬁ) 4—(4 E) 20
— e
-1, 866 L6

_)3W

Difference E%uah‘m'.
yinl= x[w) — 1866 x[n-1] + Lii6x[n-2} — g X(n-3]

(b) When x[n)= $in), yin]= hin) LQ«PM Esponse
R}z 6] - 1866 80A-0 +1Ib E[n-2T - £ §pns)

() Find & where (&)= 0
The only F‘"%uwj ‘s O =0, because +Hhew
the foctor (|=&¥°) = o, The other hweo

Factors " H (L) are vnieven zerd  for

—TL S <1,

McClellan, Schafer and YodeBignal Processing FirstSBN 0-13-065562-7.
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PROBLEM 6.10:
() xin) Y*
-

(B) Lse LinvEARITY 3 TIME-INVARIANCE

-0
+0

2 Y1
>+

36[0) ——= 23 §n]- 3EIn-1] ?
~26In-2] —>  —28in-2] + 2 &(n-5] ( Add
Sin-31 —>  &in-3| — §in-b|

f +hese
toqethen

ouTPoT = 35{n] —28[n-2] -2 6n-3) r2&(n-5]- Sin-¢].

XS
2
—g—%e—o-wn,
-2 -l

(&) Lse Hhe  third thu{—/ou-}—Fu)— pair
KV = 2 (ne phase).
foocos(TRLY —— 2_0,03(1\‘("'3)/3\

(8) There is no d_ir__@_d_’ evidamce. about H(".).
BuT  Use  (wmpulse respowse  fo get $h T
Ninl= Sinl- §1n-3].
= fbed= §1,00 1§

= A —_ - ';\3& - 3L
"'> %(W) - 1 e (TVQ.)’ \_ 1; /
H(%) + © =i
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PROBLEM 6.11:

Dirichlet Function
10 ! ! ! ! !

e PER|OD= 41T —

_1 O l | | 1 | | l
-10 -8 -6 -4 -2 0 2 4
FREQ (omega)

(&) 2ére crossings ad MU\+|F\25 of 2r_2w

R g

o
-
o

093 PerIOD= 4or (NSTE: PerIoD =21 when

(¢) MAX ot Q=ot2mr, 4T
Toke LimIT

sin4d 45 _ . 8
b:)*?O S\r\‘*’/q_ W/?_

BECAVUSE o inBx B whew 6—0.

McClellan, Schafer and YodeBignal Processing FirstSBN 0-13-065562-7.
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PROBLEM 6.12:
yn)= x[n)-23x(n-1] + 3x[n-2] - -x[n-3]

(@) vse filter coeffs: (b= $1,-3,3, 1%
H(L)= |1+ 3e IO L _Jaw = (1—- er)

N N C A 2 \T/L
13w Wy -2 : -)
= e (e RER zes"/z)go%
(25 —
(o, -39 v 3/
= g eJ( * Sn ( wf”-)
kbx MA_“‘AB Magnitude
8 . ' ' Phase
8! il |
= « 2
o4 02 04 04 0I?lormallzedoFreq ((o/27t) o4

Normalized Freq (0)/211:)
(¢) xM)= 10 +4 cos(En+ 1)
ylnl = oA () + 4 1A (%) COS(IM"”*rL?(('L))
T AL -J( R4 %)sm (1r

(E) T 22 éjsv/"
Hlo)=0 .
=, yiw]=10{0) + gz cos(Tn+i - )
= @J2 COs(Tr'n __-;r)
d) x[w]=5801
| yWl= 8- 3 -1+ 3802 - Sh-3]
LY ke
_.‘\ l T ’;‘ —e—rn

23
(&) Lse superposition, se just add the resoults

frowme () and (4)
yinl= ¢JZ cos(En-T) + £(n) -3 S[n-1) ¥ 382 - 53]
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PROBLEM 6.13:

@) ylnl= Ystn= Xyl-il # x300-2] Qo= i)
= )/,j_n-n') 4.7/,_0\—2.’1
= (Kaln1) + x[n-3)) + (2 (n-2] +25(n-41)
Noew replace Xxp.tw) with y(n)
yinl= nln-1} +yln-2) +y, [n-3) + VY [n-4]
= (x\[n-ﬂ-—x\{n-i}) + (XIn-27) «-)(\Y,V\-’fj)
+ (% in-3]- x,[n-41) + (x[n-4]- x[n-51)

CANCEL

yin] = x,Ln-1) = X, (n-5]) (Rl =xn1 )

y[v\’] = X[_'\*l’) - XEV\-E]

(b) Same ’H“’V\ﬁ as part (&) but vse A (<)
H ()= |-e¥”
Ha (D)= [+ A Moltiply  thes=
Ha(S) = iRy fogether
FHD) = P (D) Ha (D) K3 (D) .
=(1-&3%)(I b "léﬂzw)

= (1@ 2B )(eTHe )
..'34113

_")3&
L, tel e . a
P S L s b
) = 3% g™

= y[vﬂ:x[n—l]*-x[n‘f]

McClellan, Schafer and YodeBignal Processing FirstSBN 0-13-065562-7. This page should not be copied or electronically transmitted unless prior written
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PROBLEM 6.14:

(@) h[nl= 5 80n] + 580 -1 + L8[n-2] + L SIn-3)

By )= —4-(|+€J Ry eI
R ¥ N O S O S
=;“—e'~‘3 (e%° 457 1&9*% 4 &%7)

(c) maTLAg
Magnitude
1F T i Phase
o 0.8F !
Soel o
§0.6 2
m0.4’ kel
[
0.2 T
0.5 -0.4 -0.3 -0.2 -0.1 0 01 02 03 04 05

-0.5 -04 -0.3 -0.2 -0.1 0 0.1 0.2v0.3 0.4 05 -0. . .
Normalized Frequency (®/2m) Normalized Frequency (®/2m)

(d) x[nl= 5 + 4 cos(0.2mn) + 3cos(0.5Th + Wy)
Nee{%(o) ZNeed H(o.2m) L?—/(&Srr)
#0)=
H(o.am)= 0.769 el ANGLE= -54°=-0.942 rad
Hsw)= ©
= yinl= 5 + 4(0.769) cos(0.2mn —0.31)
3.078
(&) xIsy=c for n<o
Nniny= ;"— (x[n) + X [n-1] + x,[n-2] +x.(n-3])

Since X,[n)= kM) for n=o , +he fillered

ovtputs will be the same whew n-3 20
s the f@a\'u-n where y.(n']--yfn'l

= n=3
Heve's a +able of the Lorst few valyves:
n -1 | O { 2 3 4 ...

YW | 4.029 |6.209 |7.927 (7927 | 689 | 5 .-
viiml| © 12780 |4.309 | 5338 [6.809 | 5 .
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PROBLEM 6.15:

x(t)= 10 + 3cos(200mt) + bcos(s00mt + 4 )
£ = |ooo

x[]= x(t) lﬁ: Y$s = Yivoo

= |0 + gcos(:loowh

looo

) + écos(somrn %)

= |0 +2 Cos(o.:lrrn) + 6 cos (0.5 +'TT'/4)
Ne/:d H(o) tNCcJ H(0.am) (- H(o.sm)=0

Use Fre%uwcj response valves Frowa Preb. 6.14
H(o)=1 2 (0.20)= 0,749 7%

\/[n]z 10 + (0.769)3 ces (0.2mn - 0.31)
=10+ .56 cos(0.2mn-0.3T)

ylt)= y[ﬂ )n--ks{ = jooot
= {10 + L. 156 (’.05(20011’{ —O.%rr)
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PROBLEM 6.16:

L 1T,

WT fi .ﬂr R ““‘H‘u‘h\

(s aatl

(@) Systewm. 2 will bleck the DC component which

a cowstout. L (0)=0. Also

yinli=v[n}-vin-i]

so +he cif-H;Crwunj oPera}or remioves DC .

(b 9—11@)—-7{(6)%(&))
H(o) = L -'3-e: +-'§e
Hln= 5 -5

(I
(€) MmATAg

Magnitude of System #1

0.2 0.4 05

-0.5 -0.4 -0.2 0
Normalized Frequency (®/2mx)
Magnitude of System #2
2 ; ; :
L 1.5¢
2
.g ]
]
=05t
0 i i i i
-0.5 -0.4 -0.2 0 0.2 0.4 05
Normalized Frequency (®/2r)
Magnitude of Overall System
0.6}
]
i)
2041
oy
S
=0.2r
0 i i ; i
-0.5 -0.4 -0.2 0 0.2 04 05

Normalized Frequency (&/2r)

(&) ylrl=

McClellan, Schafer and Yode8ignal Processing FirstSBN 0-13-065562-7.
Pearson Prentice Hall, Inc. Upper Saddle River, NJ 07452003

Lx[) = Lxln-3]

-32%

Radians

Radians

...JMJ

H, ()=

Phase of System #1

-0.2 0 0.2 04 05
Normalized Frequency (&/2r)

Phase of System #2
-0.5 -0.4 -0.2 0 0.2 0.4 05
Normalized Frequency (®/2r)
Phase of Overall System

1

0
-1

-0.5 -0.4 -0.2 0 02 04 05

Normalized Frequency (&/2r)
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PROBLEM 6.17:
A linear time-invariant system is described by the difference equation

y[n] = —x[n] + 2x[n — 2] — x[n — 4]

(a) Find the impulse response A[n] and plot it. e 2
Solution: . .
Let x[n] be 8[n], and find the output: -2 -l 12 3 i 56 n
hin] = —=8[n]+ 26[n — 2] — &[n — 4] -10 -1

(b) Determine an equation for the frequency response H (e @y and express it as H (e’ ‘2’) =/ ‘Z’"OR(ej ‘2’), where

R(e/?) is a real function and ng is an integer.
Solution: Plug into the frequency response formula:
H(e/?) = —e/0 4207720 _ o=i4®
_ 20 (_ech?) 40— e—j2¢b>

= e/ (2~ 2c08(20)) = e PO R (I?)

Thus, 7o = 2 and R(e/?) = 2 — 2 cos(20).
(c) Carefully sketch and label a plot of |H (ej‘:))l for—m <o <m.

Solution: Since R(e/®) > 0, the magnitude is | H (e/?)| = R(e/?) = 2 — 2 cos(2%).

Ar s SRR ~C e [PEPII o —~— e .

Y R ...... ...... [P PR ...... PR B, .

- 137'[ T iJT ;
-7 -3 -3 -3 0

INERS
(ST
~

S

Frequency (&)

(d) Carefully sketch and label a plot of the principal value of the Z H (e’ ®y for -1 <@ < 7.

Solution: The phase is LH(e!®) = =24, but the principal value wraps at & = 7/2 when
/ H (e/?) is outside of the range [—, 7].
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PROBLEM 6.18:

X[(W)= 5 + 20cos(%n +I) + (0&[n-3]

Need (o) ZDEPENDS Need IMPU/Se
on K (7)) response. hinl

Hlo)= (/—j )(1=¢y) (1+1)
=(1-j)1+))2 = 222 =4
H%) = (-] )1+ )1 +7™)
= (/=PI J1-5)
=(1-nC+l-))=o0o
To find hinl, multiply oot ()
H(5) = (l""Jej +j€9° +eJ2‘“)(l+e.J“)
= (I +e)2“’)(l+e~’ )

=1 e L™y &i*®
= Rn) = 8(n) +8001) + 8(r-2] +&[n-3]

F:(n‘ally)
ylnl= 5(4) +0 + 10R[n-3]
=204 16831 +105[n-4] + 10&[n-5] +108[n—¢ |
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PROBLEM 6.19:

(C\) 7#[53): ?'(,(U:’)%z('-:’)
P (W0)= | - "5‘:’+e"-i2w &%
2, (0) = | 26 y %
MU“‘IP y: oA
. A T _ W — V2w
H(D)=1->7+ é’zu e,ﬁw+Z«s"“"-~2¢J

-'30.:) -’.4 P~ X VY "I .
+r2e 2’ w+ e,-‘z _e?‘3w+e -e

A 8 48 5w MANY TERMS
H(D= 1+ -7 - & \Q@

(b) hin]= S0 + S(n-1]) -S1n-47 -§(n-5]

(C) The Pol\jnavv\fo-\ Coe-F{-fCI'em‘l'S OF ?‘Bl[ba)
de{:fﬂe {bkg as % !) l) O’ O)"‘,"‘"{. U$€ %bk%
as Filker coefficients:

yIn) = x[n] + x[n-1] —x[n-4] - x[n-5]
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PROBLEM 6.20:

(a) The \m'shes't \cre%u%(,j in x(t) is we= 2w (500)

To avoid aliasimj we wmost Sa\MF\ﬂ at ¥ >2fFuax
=> [, > 2(500Hz)= )000 sawmples/sec.

(bY Rinl= §[n-101, £ and wo +o be determined
Xwy= 10 + 20 cos(wo"/fs +T/3)

yin)= x[n-10]) = 10+ 20 c:os(%(n;—sw) N 1r/3)

yir= Y|, gy = 0+ 2oes(E (G110 +T)
Since we want 7({')=- x(t-0.001), we need

We (10) = (0.001)wo
S

= %, = Yoo => £,=10000Hz
Th ovder for the output Fr&bij +o be tHre
Same as +the input Precbowa_—, Wo , there wmost
be ne aliasing. =5 2uw,< 2wk
= wy, < 2w (560) rad/sec
(©) To Rave y()=A, we need yn)=constant.

he Lilker wivst "null out” +the cosive +erm
=
S

—

':‘\)Nuu. \A)b\QV‘C &N\’LL Is one op
the zeros of A (D)
H(=0 when O = 2y, 4rr/5) ~2m/ - 4'V§

e« wo= H OO0 = { 4 (400), am(200), -2m(400) - 2rr(<zoo')?

we wust include all aliases:

2w (400) , am(2400), 2w (4400),..... 2r(400+2000X)
2 (200), aw(2800), 2w (4200),---. 2m(goo + 20004 )
2w (-400), 2w(1600), 2w (3600),. . 21w (-400+ 20004 )

amw(-goo), 2w (1200), 297 (3200), .- 2mw(-800 + 20004 )
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PROBLEM 6.21:
(@) x[ni= 10 + {0 cos(o.ann) + 10 cos(0.5mn)

Need (o) (N‘eecl H(0-2r) C?{(O.Sn)
7)== 1 |
24 (0.2m)= 0.9027 €% ANGLE =-71.98°= -1.26 rads

—Jo 323m
e

#H(o.57)= 0.000%9 ANGLE=-58.22°=-),02 rads

Y[n-] = 'o + 70017 GOS(D:Q"’\"O!"'H’)
+(0.00089) |0 cos (0.5mn - 0.323m)

Ver:, close o 2eio

Magnitude of Frequency Response of System
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Phase Angle of Frequency Response
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(b)Y The discentinuiy at OH=2r(0:25) is
caused by the 2Z&D hear S = aw(0.25).
There is a sign Chawmge in 2 (&) which
wAgams +Hhe Phasc c-,hawjes bj m ) |
The discontinuty b D =2aw(07) is a zw.jumf‘
which happens when the Principal valve of
the P»\o&a tries o cress T The QPCMM
calcolabion flips the valve frow w +o -
6‘(6«*\'»\9 o "2Amr JUMP'“
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