I AL A Py
el

PROBLEM 7.16:

(@) H(z) has € zeros % (4 Po}eg ot 2=o
Tlhe derps arel 2=t 1 i:j) 0.3 X4

v ) .

A A
Y A b i
\ Q /

2—~Pla—-~..
(\p) winl = x| —xn-4]
o My 1€t - (1 E) (-2
TJo ged Hy(2) divde:

He) - (ogei™s’)-(1-o3ei™e)
%) Qo.%e E)

Hy(2)= f—lbeosPh 2 '+ 6427

H,(z)=

(©) )/in’]-_-_ X[n) —-(0.3 J'_z:)x[n-ﬂ + 0.64 x[n-2).
P

= 11314
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PROBLEM 5.3:

yni= 2x] = 3x[n-1] + 2xLn-2]
(o MAKE A TABLE;

n |<ojoj1 |23 |4 |5 |¢|7]28

X1l o [t {23V 1111 ]|11]1

Vil o {2 {4 l2 [-gl2lalcele] ...

yiel= Zxfol -3x-1+2x(-2] = 2()= 2

P 260 =3xfo] + 2xf] = 2(2) -300= 1

y"ﬂ: 2xf2] —2x (1] +2x[e]= 2(3)-3(2) +2()) =2

yi3l= 2(2)=3(3)+2(2) = -4

ylal= 2(N-3(2) +2(3) = =

y(s1= 2(») - 2(1) +2(2)=3

ylel= 2(1) -3 +z() =1
y[1l = 2(r) —3(+2z(1)
y 181 = 2010 =3 (D 42D

(c.) ]:MPulS.e.. Ees\:aw%

hiol= 2() -3(e) + 2(0) = 2
Wil = 2(0) —20)+ 2(0)=-3
W2l = 2(0)—3(0) +2(0) =2

I u

Nobce hin| just ‘reads ovt" e
‘f‘\\\'@\ Coe—ch.fev\)\'S
N2y hinl= b

n
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PROBLEM 5.3 (more):
Plots via AMATLAB

INPUT SIGNAL x[n]
< '

JLLLLTTTTTTT

UNIT IMPULSE delta[n]

SO

o[n)

McClellan, Schafer and Yoder, Signal Processing First, ISBN 0-13-065562-7.
Pearson Prentice Hall, Inc. Upper Saddle River, NJ07458. © 2003

L T, il

ool

v

OUTPUT SIGNAL y[n]

JLLL LITTTIT
b

TIME INDEX (n)
IMPULSE RESPONSE h[n]

2'.50 b2.

0 5 10
TIME INDEX (n)
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PROBLEM 5.6:
Plots for parts (a), (b) amd () are below.
(8) This geveval solohion will alse BPP'j to part (c).

X[w) = a"uln) L-) el
)’["]=‘E-%_,x[n—k] =413 P Py
-l]r\ere are > cases. = k=0

. n<O. =D yIxl=© because Uln-k] is 2lways zeo

20 O-"—. nﬁ-L—‘

|—a L\ a-i
3. n=L L-| i n okl
. —— __k a
[n]:LLuﬂ 95:"(] = —-—Z
/ [ -0 L k=0
oy A ]
_a*/i-a \_ qg" >
() () e
Unit Step u[n]
1F
0-0—e—e 9o
-5 5 10
x[n] = a" u[n]
(T
05+
0125
ole—e o oo @ © 0o 0o e o o
-5 0 5 10
Filtered Signal
0.438 ©0.469
04 0.375
0.234
0z 0.117
T 0.0586
ole e e e o ? ¢ e 0o o
-5 0 5 10

time index (n)
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PROBLEM 5.11:

Winy = 38 -280n-1) +48(n-2] + §[n-4]
= yln)= 3x0w) - 2x00-1] + 4x(a-2] + x[n-4]

(@) Direct Form: _'[Dl"’

LUNIT DELAY

XC] —y e
(> o) ——{p]

1

Y

(b) —ﬁ‘a.hslposec\ Divect Form:
X[w}

| PR e S
Lo} Di—»@lﬂ@—* -
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PROBLEM 5.14:

(@) A= £n-2) = Ffilter is o dc\aj by 2
yix) = uln-3) ~uf[n-¢)
To find x[n) we wneed +o ”un—éelaj" yml.
=>  x[w)= u[n-1]- ufr-4]

(b) Fi"'st—cil'ffe/\euce FIR => -Q[v\]z S$Inl-€n-1]
The first-diffeaence Lilken has 2 nhovzeo ou}rut
st n whea xin] = x[n-1] are not eﬁual-

If yiwl= L) - £(w-47) , thew the input xfw)

('/ka.«aas volve ot n=0 owd n=4. At n=o0,

Jowmps LP bj one 5 od n=4, (t Jomps down.
= xw)= uln] - ulvn-47

by one

(¢) 4-pt averagen: yiw)= §(xiI+xn-il+x[u-2] xfn-3))
Tf y)= -5&w] - 58[n-2]
ylel= -5 = + (%001 +x(-1] +x[-2] +x(-31)
x% 1§ we assume xW)=o for n<o, then x[o)=-20
yin=o = 4 (X s %067 + x[-7] +x[-27) = 4x[) -5
= x[1] = 206
L2 = -5 = L (x(2]+ x( )+ x[61+ x[-1])
= L (x[2) +20 -20 +2)= {xI2]
Y121 = o= & (x(31+ %[27 + x[) +x[o]) = x{3]=-20
0 for weo

= xW)= {20 fr w evew
20 & w odd

McClellan, Schafer and Yoder, Sgnal Processing First, ISBN 0-13-065562-7. This page should not be copied or electronically transmitted unless prior written
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PROBLEM 5.17:

(@) hinl= &[n)-8[n-1]
h,n) = (0] + 4(n-2]
hy[n) = 8[n-1] + §[n-2]

(b) The ovevall h[n) is +he convolution o? Hhe h" [n).
hWinl= h D) % hoDn] % haln]
hIn) % hy(n) = (&[n‘\_ E.[n-l'l) % (S[n] + éln—fj)
= &[] - 8- + 82 - {in-3]

Now cenvolve with haln)

{ -1 1 -
o 1 | W)= §(n-1] - 8n-5]
O & o ©
! I B
1

(€Y y(w}= RIn1xx[n]
- (Lin-)- $Tn-51) % Xi)

yi = X[n-1v) - xin-5)
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PROBLEM 6.3:

ynl= X [-n)

+jlon
€J

(@) xin]= Ae )
) jea(-n P —jwon
)/Ln'i:Ae)‘"e_J e Aelfe)
b) No. |
( )T‘he ou+ru+ cannot be “"fiﬁ" as
yw) = sy Aetf el
because +he Preave«v‘f-j has c.haujecl

From +& +o -d.
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PROBLEM 6.8:
@ _, . _j& _ A P LS L
)= (1+€37)(1 2cos(?%)€V" + € )
=2(%)=1
=1+ )(1-€9% + &7*°)

N > P __‘31.:.]
1248 gl Eyae x

— ' - e-:')u + € + &€ - +
= {+&? v
Difference E%Ua’n“m -

),[_n] = x[n] + )'(["‘3]
(b) when x(n)= &), yinl=40 +5(n-3])

‘B\['*]x I‘ .\T\M‘s s hin], Hhe iﬂh}PgI_se
3 = vespons€

(L) Need +o find where H(S)=0.

{ 4 &P =0

e'-'.-)au':.—-' = €
& ST =) amk/z
= e’ = &
- -2} }:Oz L, 2.
3 -

3
S T 75

N —
w:—ﬁ;b_)—-‘lrja.rwa ____5—

2k
J eJ

N
=> W =

yiwy= 74(<) Aeitel™”
TThus whew ?‘f(lﬁ)—‘#O, +he ou{"Fu*‘ 'S B,
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PROBLEM 6.12:
y)= x[n)-2x(n-1] + 3x[n-2] - -x[n-3]
(@) vse filter coeffs: {bed= 31,-3 3,14
()= |~ 3e E i '33“" i e.l‘“)
13w Wy _.':1}/?_ > ) _.'“Y‘Z—
= e’ 7 (eJ /—€J ) (ZJ) -,nfz)gf,ge)
JCB) 3

= ge s (/z)

(b) MaTLA®

Magnitude

Phase

Magnitude
-'-f- [+1] =]
Radians

n

0.4 0.2 0 ' 04

04 0.2 0 0.2 04
Normalized Freq (w/2r) Normalized Freq (mfzz}

o

(¢) xin)= {0 +4cos(1-£n+1:___j
ylal= HE) + 41 H(Z)) cos(gfn+j‘£+47((g))

Am)- g™t 3’”’s~n*('%)

Hlo)=0 .
= yiw]=10(0)+ 3iz cos(En+% - -4")
= Bz cos(Zn =7)

d) xlw]= Sinl
( S\ -3 Siv-+3 (n-27]- gfn—‘:ﬂ

ywl= x I i
PSS
23
Le) Use suféf?os(h‘ow, so 5us¥— a2dd the resolts

yﬂﬂ]= 4J2 cos (1:,':_“ -T") + g[n'\ -3 S[n-f) K Zg[n—z—l - S[n%]

This page should not be copied or electronically transmitted unless prior written
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PROBLEM 6.15:

x(+)= 10 + 3cos(200mt) + 6cos(Soomt + T4 )
cs=:|DCK)
LIEETL)] YA

= |0 + $cos(a00mn )1— 6605(5007‘%0+ %)

looo

= |0 +‘3cos(o.2rrn) + 6 COS(OoS'n'n ,,_Trxq)
Necd H(o) tNECA H(0.2m) L‘ /(o.s5m)=0

Use FY“Q‘BUW‘j respons< values f-mw\ Prob. €.14
()= 1 24 (0.20)= 0,769€°°°7

yIni= 10+ (0.769)2 cos (0.2 - 0.3r)
= |0 + (56 cos(o-ilwn-— O.3m)

y“): y[ﬂln.—-{fﬁtﬂooot
= {0 + 6.156 CQS(QOOW{' -—0.311‘)
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PROBLEM 6.20:

(@) The hu‘ahest -fre%ueuc.j in x(+) is we= 2w (500)

To avoid aliasing we wmust sample at £5>2fuax
=> £, > 2(500Hz)= )000 samples/sec.

(b Rinl= §[n-101, £ and wo to be determined
X[Wy= 10 + 20 cos( woyp, +T/3)

y[w)= x[n-10] = 10+ZDC05(%(_QT:.——'E) + “/3)

Pad= y[ﬂln‘_;‘* = 10 +20ms(%:(€,t~lo7 +Tr/3)
Siace we waut y({-)r—x(t—o.ool), we wneed

We (10) = (0.001)wo
fs

=y %, = Vo => f;=I0000Hz

Tw ovden {:or +he ou+Pu+ Frﬂb\iwj +o be the
Same os +he inpu+ Pre.cbuwctj Wo , there wmoust

be ne aliasing. =5 2w, < 2wk

= wp < 27 (500) rad /fsec
©> To HRove yl#)=A, we need y[n) =constant.

e Eilter wivst “null out” the cosive term

A
=2 2 = Whueo

wh&‘.r‘& ‘:')HDLL fS one O":
)

the zerps of AH(SD)

[ r N
] We = SL"JNULL:

71,’—(»\:0 whew O = 21-]/5-} 4"/5') __2"75)__4'?5_

i 2w (400), 2w (200), -2rr(4oo))- er(goo)?

we wust include all aliases:

2w (400) , am(2400), 2w (4400),.-...  2x(40o+a000d)
ar (800), aw(2800), 2w (4800),---- 2w (800 + 20004 )

2w (-400), 2w(1600), 2w(3600),. - .. 2w (-400+ 20004
amw(-200), 2w (1200), 21 (3 200),... 2m(-300 + 20004 )

McClellan, Schafer and Yoder, Sgnal Processing First, ISBN 0-13-065562-7.
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PROBLEM 7.3:

(‘3\) 7$n’\= x{nl+Sxin-1| -2x[n-2] += xﬁv\—ﬂ +-4xfn 8_|

- gt'
Hz)=1| +s&'-3&" +5a +4z

(b) whaw xMwl= &$inl, Yyou com sobshivte.
hfn_k: Sin +§c(sfr\-\—| —38‘\'\-2—] v ,‘-::_i &]“_3’] ¥ 4 &8 n- g"

MAKE A YLoT: IMPULSE
h‘“—l \ b’ / E—E‘POHSE-F

4.
2.5
| T
— 6D 1 E—e—?}_—é— > 7 N
=5

NotE -
The &« ‘F\CM %ua}h&w Caw be

wrihtew as:

Y] = ;Z‘ b, XTn-k{
TThaw He impulse respense will jost
toke on Hae valves Qivew bj H\L%bk’f
hTD-\:bo / h [ﬂ: b1 ) hl‘l‘_\:bz ) o= -Q:LC.

McClellan, Schafer and Yoder, Sgnal Processing First, ISBN 0-13-065562-7. This page should not be copied or electronically transmitted unless prior written
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PROBLEM 7.6:

@) Y, (2)= H (2) X(2)
Y@= Ho(2) Y, (2) = Hy () (M) @)

= (Hz(Z)H.(zl) X (z)
“”’TIET because H(z)= T&)

X (%)
) Sice H(2)H(@)= Hle)Hal2) because
Hi(2) awd H2(2) ave scalar funchions.
= Y(2)= H,(2) Ho(2) X(2)
—— i
means that Ho(2) 1s apflre.& fovst
(c') H. (2)= %5—(1+2"+2’1) bj usinj Hhe FI'H'CT COC‘FFS-
H(2) = H,(2) H.(?)
= %(l+z-\+_&~2)'é_(\{,2_'+ E-z)
= :'i( | +22' + 222+ 22 7+ 2-4)
(&) Cowvert o difference eﬁuakm« (i.e., filter coeffs)
y{nl= %‘-(xfn'\ +2x[n-1) +2x[n-2] +2x[n-3] + x{n-41)

(€) Find +he poles § 2eres of Ha(2), then “dovble’
them because H,(2)= H.(2).

Ho(2)= $ (2 +2+))

. q
3315- contributes two ,;/ A

poles at z=0 .
2EX0S ang
.
2
-12li-4 5 _ 51"
> o U
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PROBLEM 7.6 (more):

£ . . "
(£ H(e¥) = H(e¥ H,(e)

= (1 +e‘j“°+ef;‘2£)l
e__'lzdb( e_‘,u?; ‘] +e,j.:5)?-

eP% (1 r2es(@)

—
—

N
q
L
. |
IH(e®)| = 5 (1+2cos(d))
At W=0, IH|= -‘4(3)%—_1
At

W="2, HI= §(N*= A

At & = 2/3 |Hl= 0o becausc Hhere is 2 zero
on the uvnit circle.

At Q=m, 1R|=4(1-2) = %

i/

1

IH(GP)'

McClellan, Schafer and Yoder, Sgnal Processing First, ISBN 0-13-065562-7. This page should not be copied or electronically transmitted unless prior written
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PROBLEM 7.12:

B oy
a o I_l MULTIPLY
* Hz) = (1-2 )1+ 22 ) 1+ E") @

= (-z)(rE)= -2
yl= xinl- xih-4)

(B) H(@®) = H@|goei® = 1-&3%

~ A =2
@ He™)= €37 (e L ies)
= 2J' é’jz& gn 28 = (Qsmﬁw)e

*326-6_52&)

ALTHOVGH
THIS HAS A

SI\GN CHANGE
FOR Ww<o

MAG % 2%“\2& -

Wase: Ty -2

Ld) BlLock WHEN H(e_;":’) =8
M SoLVE 25028 =o
= &= ©, %, T, -
() Need H(ei™) becaumse thar is the
F\'ecbuwcj of tHee \‘HFU’r-

s\ _ : 3(“/2.-?—“'/33
H(e'™")= (Qsm %_“é'-je_

2.(8) o) (7= *)
= Z

R S
: _ 5
_ _Re e _ Eeﬁeﬁ/é’ - Jze

A OuUTPUT IS* y[vﬂ____ ECOS(%Jrg;_-)
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PROBLEM 7.18:
(@) H(@)1= H(2)= 1+ 2?2

(B) H(2)= Hi(2)Ho(2)= (1 +E'+Z°+ 272"
€) Mul+i[:hj out the product:
H(z)= 1+#22 +32%+ 427 + 32%+2¢%+ 2
Invert #erm-by-term:
h[w]= S[n] + 28(n-1] +38[n-2) +48[n-3] +38[n-4]
+ 286[n-57 +8[n-¢]

(d) vse the polynomial coefls of H(z) as filter

C_oC,cytl'(.!'Cnf-s:
y[n)= x[n] +2x[n-1] ¢ 3x[n-27) +4x[n-3] + 3x[n-4]

+2x[n-57 +x[n-6]
(&) Linear inkrpola#crn LSS O -}-r-‘angularlj
Shaped impulse respowmse, which is e&ach
the FOV‘M O-F k[\v\'?

hml 13]41 ]3 -

| \

\ 23 4 5 6 h

Twere are fwo. Pmb\ems with vsing hWin)
div‘ec-\'l\j'. The. valuve at +he peak of the
hianj\e_ is 4, wot {, so we nheed a scale
-pa,c.’ror of —';. The pmk valve is at n=3,
not n=o, so +he ovtput 15 FEwme-shifted -
delayed bj -

Ve0ocedure: (te n'n'l‘erFolml’-e X[ bj 4)

/4

in\ PuT 3 zeros n

sawmple of x(n] \

6

The OU{'?LH- yfn’l s Txin) in{-@.r‘?ola}ecl“ but
shikted by 3 samples.
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PROBLEM 7.18 (more):

-z*
(.F) Prove H,(2)= T—=

(-2 H (2= -E+EH £%Z)
a ($TTH TP E-EE
R

3 4

—

(j) H (z) and Hz(Z) have the same Fofes i‘aeros
co we Lind the Fole-s amd zesos of H. (%)
aund Plo+— them “Ewice” in the z-plane.

-4
Hirye 225 =

2% | a~—RooTs=1,-1,j,-)

-2 2?(2-1) *—RooTs= O, |

The numerator amd deno minator both have
co these camcel We are | t
i 4),-j amd 3 poles at z=0.

(2)

roots ot Z=1,
with 2 zeres at %=

=> H(z) has © &eios) twe .
wa* Zz= -‘1J+j O-'\d-"_j
H(z) has & poles ok z2=o

(’p\) H, (e"“:’) = H. (E)Izze-":’

_ ]_éjm_ e_jzu‘b (ejzﬁ_ _32&)(_;_.}\

———

l__e_ju‘.: - e_j(g,/z_- (ejwz,_e——j&/_._) (I/ZJ)

| Phase
(2] 2 1
5
| 5 0
I}
o
| 2 ‘ .
-0.5 0.5 -0.5 -0.25 0 0.25 0.5
MNormalized Frequency (&/2r)

-0.25 0 0.25
Normalized Frequency (@/2m)
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