6.2

(a) F.=1/T z2B= A=T.F.=B.

(b) Xo(F)=0for |F|=3B. F.=1/T >6B= A =T,F.=3B.
(c) Xo(F)=0for |F|=58. F.=1/T = 10B= A=T,F. = 5B.
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r(n) =z, (nT) = nTe T u,(nT)

= nTa"ug(nT)

where a = e 7T

Define xq(n) = a™u,(n). The Fourier transform of xq(n) is

o
MF)y = Z amei2mFn
=0
1
T 1_ge i F

Using the differentiation in frequency domain property of the Fourier transform

Xq(F)
dF
Tae=327F
a (1— cw.—.?'??FFjE
T
c(T+i27F) 4 —(T+i2xF) _ 9

X(F) = Tj

(b) The Fourier transform of x,(t) is

1
AFl= ——mMmM——
(F) (1+ j2mF)2
Fig. 6.4-1(a) shows the original signal x,(t) and its spectrum X (F'). Sampled signal #(n) and
its spectrum X (F) are shown for F;, = 3 Hz and F. = 1 Hz in Fig. 6.4-1(b) and Fig. 6.4-1(c),
respectively.

(c) Fig. 6.4-2 illustrates the reconstructed sugnal &.(t) and its spectrum for F. = 3 Hz and

F,=1Ha.

- ) .
R sin (w(t —nd) /T
Talt) = z ra(nT) (f—T)/T

=—00
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1, 0=<n<T

(1) = N
gsHL) { 0, otherwise
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3. The linear interpolator is defined as

Giin[n] = { L—|n|/I, |n|<=1I

0, atherwise
Taking the Fourier transform, we obtain

Glin(w) =

1 [sinfwl/2) z
I

sinfw/2)

Fig. 6.8-1 shows magnitude and phase responses of the ideal interpolator (dashed-dotted line),
the linear interpolator (dashed line), and the sample-and-hold interpolator (solid line).



6.7

- F'c+%— 0410 e -
Since —F= = = 2"‘,:, = 3 12 an integer, then F, =28 = 40H =



Sa{t] = zalt) +azalt — 7, |Ct| <1
saln) = xa(n)+oaxg(n— %j

Salu) oz
[ — 1 __:'I_T_

X, (w) + e

It % 15 an integer, then we may select
1 T

H(:} = m “-'here T = L
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Also, E,

[n's]
Dy o
Therefore, E r*(n)

Fa=—

 — w — 27k

r 2 x%()
 —— :

?kz X, (%) . | <

1 /™1 T
E . ﬁp(al:f” e
1 T

(2
_1_—2 f |JYG |__.>|.:|| Td}t
27T —F

F
5 lT f |, (A 2d A
i _1;'

f h w2 (t)dt
| et

_ﬁi
f X (F)|df

Fg

alis



6.11

(a)
din) = =z(n)—axrin—-1)
Eldin)] = E[z(n)]—aE[x(n—-1)]=0
Eld*(n) =05 = E/{[z(n)—az(n—1)}
72 +a?a2 — 2aE[z(n)x(n — 1)]
= o2 +a’e? — 2av.(1)
= o214 a? = 2ap.(1))
where pg(1] = J}legl]
_ Te(1)
T ()
(b)
di [72(1+a® —2ap,(1))] = 2a—2p,(1)=0
i
a = pa(l)
For this value of & we have
oq = oa[l+p2(1) —203(1)]

= gl -2 (1)]
(c) a2 < o2 is always true if |p.(1)] > 0. Note also that |p.(1)| < 1.

(d)
din) = z(n)—aizrin—1)—aszr(n —2)
E[d*(n)] = E{[z(n)—-aiz(n —1) —asz(n —2)*}
o7 = a2(1+af+ad+2a(ay — )pa(1) — 2a3p,(2))
d 2
d—alﬂ'd = 0
_ Pm(l)[l_pmizﬂ
I TGy
d o _
Eﬂ'd = 0
o pa(2)—p2(1)
2 1—3p3(1) — pa(2) + 202 (1)pe(2) + 2p3(1) + p2(1)p2(2) — 2p5(1)pe(2)

Then, 05, =

[1—p2(1)]?
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(a)
Sc(F)
|Hn(F)
an
(b
2B
For
2B
&
in F,

Therefore, o2

_ a2
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\/n- sin [FS )st
1ot [E IrF
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(b)

[[X(2) — Dy(=)]

1—

1

1
2—1_Dq(3:'}1;2_1 = Dglz)—FEiz)
Dg(z) = =7'X(2) +(1—=7")E(z)
Therefore, H,(z) = =271
andHﬁl:ﬁj = [:l_:':_l|2
|Ho(F)| = dsin(";j)
IrF
= 2(1 — cos( F 1
B G’E
on = f |Ho(F) 22 dF
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(a) Refer to fig 6.23-1.

Zero Order hold: N = 32 thd = 0.1154

First Order hold, N = 32 thd=0.1152

First 0rder hold, 1= 64 thir=0 2228°
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Figure 6.23-1:

10



(b) Refer to fig 6.23-2.

Zero Order hold: N =32 thd = 0.1154

1.5 :

Bero ordH hold: = &4 1
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Figure 6.23-2:
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First Order hold, N = 32 thd=0.1153

300



(e) Refer to fig 6.23-3. The firet order hold interpolator performs better than the zero order
mterpolator becanse the frequency response of the first order hold is more closer to the ideal
iterpolator than that of the zero order hold case.

Zero Order Hold

First Order Hold

1 1
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Figure 6.23-3:
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(d) Refer to fig 6.23-4.

Zera Order Hold, interpolated cutput
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Figure 6.23-4:
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(e) Refer to fig 6.23-5. Higher order interpolators with more memory or cubic spline interpelators

wonld be a better cholce.

Zero Order Hold, xi(n)
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Figure 6.23-5:
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Zero Order Hold, yin)
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First Order Hold, y(n)
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