5.31. (a)
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H(z)= A== 5T) SablesotheROCHS L<lzl<3

, ol =uln] & X(2) = =g, 12l > 1
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1<|z|<3

vin) =3 (3) ulel - 30"ul-n - 1)~ )

{b) ROC includes z = o so h[n] is causal. Since both h[n] and z[n] are 0 for n < 0, we know that yfn)
isalso 0 forn <0
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Y(z) - ;:"Y{s) TS gz-’rm = 2X(2)
vin] = 2ln - 2] + 33l ~ 1] - Syin ~2)
Since y[n] = 0 for n < 0, recursion can be done:

wol=0, y1]=0, yf2]=1

(c)
Hi(z) = FE;)' =z - ;z+ %. ROC: entire z-plane
iln) = 6l +2) = 24ln+ 1] + S6[n]
5.37.
Fm s P-4 -42) _6(1-F2)(1 - f27Y)(1 - 527
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5 (1-6az—})
A minimum phase sequence has all poles and zeros inside the unit circle.
laf2l <1 = |a|<2
/4] <1 la] <4
|5al <1
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lal < g

i
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6al <1 = Ia[<g

Therefore, a"z[n) is real and minimum phase iff  is real and || < }.



5.39. All zeros inside the unit circle means the sequence is minimum phase. Since

M M
> Ibminn] > 3 IAin)?
n=0 n=0
is true for all M, we can use M = 0 and just compute h?[0]. The largest result will be the minimum

phase sequence.
A|B|C|D|E| F | G |H

445|284 | 1.8 28 1.8 | 177.7 | 1138 | 7.1

The answer is F.

5.53. For all of the following we know that the poles and zeros are real or occur in complex conjugate pairs
since each impulse response is real. Since they are causal we also know that none have poles at infinity.

(a) o Since hy[n] is real there are complex conjugate poles at z = 0.9¢£47/3,
o If z[n] = ufn]
Y(:) = H()X () = 22,
‘We can perform a partial fraction expansion on ¥(z) and find a term (1)"u[n] due to the pole
at z = 1. Since y[n] eventually decays to zero this term must be cancelled by a zero. Thus,
the filter must have a zero at z = 1. ;
e The length of the impulse response is infinite.
(b) e Linear phase and a real impul F implies that zeros occur at conjugate reciprocal
locations so there are zeros at z = 21,1/z, 2§, 1/2 where z; = 0.8e7%/4,
-Slneehg{n]isbut.hmusalandltnearphaseltmustbeaTypeI.II,]]].orl’VFIRﬁ]teL
Therefore the filter's poles only occur at z = 0.
-Sinoetheug{H,(e"’)}:—z‘wmmnmwdmtheﬂtertoa‘l‘ypeﬂorTmNﬁ]m.
Tll.isalaotal.lauthatthelensthoftheimpukemponsets(imdthntthmm&m. Since
the ber of poles always equal the ber of zeros, we have 5 poles at z = 0.
* Since 201og |H2(e’°)| = —co we must have a zero at z = 1. This narrows down the filter type
even more from a Type I or Type IV filter to just a Type IV filter.
With all the information above we can determine Hz(z) completely (up to a scale factor)

Ha(z) = A1 - z7")(1 - 0.8¢7/427)(1 — 0.8¢~7%/42=)(1 - 1.25¢/"/4;~1)(1 ~ 1.25¢~37/4;=1 )

(c) Since Hy(z) is allpass we know the poles and zeros occur in conjugate reciprocal locations. The
impulse response is infinite and in general looks like

(z=! — 0.8e7"/4)(z~1 — 0.8e=77/4) Hol
1-0.8¢7"/4z-1)(1 - 0.8e—77/4z-1) z)

Hy(z) = 0



6.28. Causal LTI system with system function:

1-§z7?

BO) = omms e
(a) (i) Direct form L
1-4z7!
H(z)= = T4 274 120-3)
-~ ;
bo=l,5;=—émdﬂ1=%lm_-%’m=_l_l2.
f z{n) ’ vln]
21 z-1 :
-1/5 1/4 21
~5/24 21
-1/12
(i) Direct form IL
:Tn] i FT“]
1/4 ) -1/
21
—5/24
2=l

-1/12




1-4z! 1

ai) = {1 - %z“){l -4 +}FJ'

boy=1,bu=-},by=0,
boz2=1,b2=0,b;2=0and -
an=-}{,an=0,02=},a =~}

z[n]

yln]

—1/4 -1/5 1/2

-1/3

(iv) Parallel form using first and second order direct form II sections.
We can rewrite the transfer function as:

e =1
H(z) = ﬁ%z_—T G _&_ﬁ'i_‘l_z

1=3z-1-1;-

e =3, en=0,
?m=1%.¢u=‘ , and
an=-{,0n=0,0p=4,0n=-1



27/125
z-—l

~1/4
z([n] y[n)
12 |-36/125
:——1
1/3

(v) Transposed direct form II
We take the direct form II derived in part (ii) and reverse the arrows as well as exchange the
input and output. Then redrawing the flow graph, we get:

w[n]

-1/12

(b) To get the difference equation for the flow graph of part (v) in (a), we first define the intermediate
variables: wy[n] , wa[n] and ws[n] . We have:



(1) wa[n]
(2) waln]
(3) ws[n]
(4) yln)

z[n] + wan — 1]

1 1
V] +wsn = 1] - =z[n]

~ agvln] = 35l = 1

wy[n].

Combining the above equations, we get:

1 5 . . 1 Al
vin] - gvln — 1]+ 2vin — 2] + Zyln - 3] = z[n] ~ 2[n - 1].

Taking the Z-transform of this equation and combining terms, we get the following transfer func-

tion:

H(z) =

132!
1-%z71 4 Fz724 4273

which is equal to the initial transfer function.

6.24. (a)
e =
vin) a[n]
® 9
21
a
ln] = z[n] + ayfn - 1]
Hr(s) = ;—— = H()
(b)
_ 1+ 321
T
yin] z[n]
1 ®

1/2



y[n] = z[n] + %z[n -1+ ;—y[n -1]

-1
A = S = 5

(c)

H(z)=a+bz"! 4+ ¢c22

yln] z

y[n] = az[n] + bz[n - 1] + cz[n — 2
Hr(z) =a+bz"' +cz7% = H(z)

(d)
rsinfz—?!
1—2rcosfz—1 4 r2z-2

H(z) =

yin]

—rsin@ 1

Z V = X+2z7lU
U = rcosfV —rsinfY
W = rsinéV +rcosbz"'Ww
Y = zlw
Y

= X = Hy(z)
rsinfz~!

1—2rcosfz—1 +r2z72,
= H(z).-



