4.33.

z*[n]
X(e™) + X (™)

yin]
Y{e™)

therefore, ¥{e*) will occupy twice the frequency band that X (&) dows if no aliasing Gecurs.
UY(@)#0, -r<w<stheaX(e™)#0, =f<w<§andsoX(i)=0, 0] 2 2x(1000).
Since w = QT,

IV

T - 2«(1000)
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4.36. (a) Since AT =w, {27- W T=5=T= =

111

(b) The downsampler bas M = 2. Since zin] is bandlimited to ., there will be o aliasing. The

frequency axis simply expands by a factor of 2.
For y.() = z.(t) @ Y (5l) = X (i02)-
Therefore NT° = 2x- 100" = T =



5.21. hyfn] is an ideal iowpass filter with w, = %

(a) yln} = zln] - 3[n} » hyyin] = H(e?) = 1 - ()
This is a highpass filter.

- ~x/4 0 w4 T oW

(b} z[n] is first modulated by x, Jowpass filtered, and demodulated by =. Therefore, Hip(e™) filvers
the high frequency components of X {e!™}.

‘This is a highpass filter.
—_— 1 —
Erep— 0 WE % o

{c) hip[2n) iz 3 downsampled version of the filter. Therefore, the frequency response wili be “spread
out™ by a factor of two, with a gain of &.
This is a lowpaas filter,
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(d) This system upsamples hy,[n) by a factor of two Ther:fme,tbe&equencyaﬁsmllbemmpmsed
by a factor of two.
is a bandstop filter

.. :lx-m !" .

8 0 gA B s w
(¢) This system upsamples the input before passing it through Aip[nj. This effectively doubles the
frequency bandwidth of Hp(e/v).
This is a lowpass filter.
L ] 1& * 4 a
R -nf2 o 2 rt o
= - o n2 T w
$.22.

1-g~1z71 y _
Hiz)= 1_n¢zf1 =A"£3' causal, 0 ROC is {x] > o

{2} Cross multiplying and taking the inverse transform
vin] = ayin ~ 1] = zn} - Ezln -1

{b) Since H(z) is caugal, we know that the ROC is 2] > a. For stability, the ROC must include the
unit circle. So, H(z) is stable for jaf < 1. . '

{c)e=i
N s
Soa



(d)

{e)

1 n-rlz-l

= . zZ|>a
1-az7! 1-az? ol

H[z] =

il = (a)"al] = (o)™ "ufn = 1]

—a=le—i
H() = B(@)lomam = oo

R

| (™) = H{e) B ) = T T oo

(1+Jr| -fouw)i
1+a* - 2acosw
1(u’+1-2a:oew)!

= a\T+a? - 2acosw

(B ()

n
Bl

e

5.24. {a) Taking the z-transform of both sides and rearranging

¥l -iea?
5= ¥ = Top

Since the poles and zeros {2 poles at 2 = £1/2, 2 zeros at # = =2} occur in conjugate reciprocal
pairs the system is allpass. This property is easy to recognize since, as in the system above,
the coefficients of the numerator and dencminator 3-polynomials get yeversed (and in general

conjugatad).

(b) It is a property of allpass systems that the output energy is squal to the input energy. Here is the

procf.
N-L

3 vl
A}

fj [vin]*

ne=—go

- f_ : ¥ (e[ d (by Parseval's Theorem)

% f_ ' |H (™)X (&) ds

53;/_: X ()| dw (|B (e}}¥ = 1 since k[n} is allpass}
i Iz[n]i? {by Parseval's theorem)

Ne1

> i)’

nx=p

5



5.26. (a) A labeled pole-zero diagram appears below.

12em0atz==
v
Re
x
e
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The table of common z-transform pairs gives us
; -1
(" snsonlin] — i g
which enables us o derive hfn].
hin] = ( d:w) (r" sinwon)ufn]
(b) When wo =0 ;
H(s) = T2 LI T

1- (2rooswn)z~? +0z-%  (1-rz1)"
Again, using a table lookup gives us
Afn] = nr'uln]

Im
1zeroatzi=w

Re
2nd order pole




5.27. Making use of some DTFT properties can aide in the solution of this problem. First, note that
Bl = (-1)"hufn]
hafn] = €™ha[n]

UsiutheDTF'I‘pmpu:ythnsmuthumoduhﬁminthetimedomainmupondstoashﬂtinthe':
frequency domain,

Hy(e™) = H(d“™)

Consequently, Ha(e™) is simply H; (™) shifted by . The ideal low pass filter bas now become the .
ideal high pass filter, as shown below.

H, (€
1
- -x/2 0 =2 o
H,(e")
‘ ————
-7 -2 o] n2 n o
5.29.
. 21
H(z) = TPy ey
1 28 48
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Since we Imow the sequence is not stable, the ROC must not include | = 1, and since it is two-sided,
the ROC must be a ring. This leaves cnly one possible choice: the ROCis 2 < |z] < 4.

(a)

bl = (3) kel - 2801"ule] - 8( -1

(b)
1 28
Az} = 1- 3! T1o2t
Hi(z) = l-—?;-l



