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Problem Sl i

Let the response of the LTI systew be h(t) with Fourier transform H(f). Then, from the convolution
theorem we obtain

Y(f) = HIHX()) = MJ) = () H(S)

Iowever, this relation cannot hold since I{f) = O for % < [f] whereas A(f) # 0 for 1 < |f] < 1/2.

Problem @il 2-

For no alinsing to secur we mnst sample at the Nyquist rate
fs = 2. 6000 smunples/sec = 12000 suwmples/see
With a guard band of 2000
fo =211 = 2000 = fa = 14000

The reconstruction filter shiould not pick-up frequencies of the iinages of the spectrum XA'(f). The
ucarest image speetrum is centered at f, and oceupies the frequency band [f, - I, f, + 1], Thus
thiehighest frequency of the reconstruction filter (= 10000) should satisfy

10000 € fo = W == £, > 16000

For the value f, = 16000, K should be such that

K. fy=1= K = (16000)"!
Problem SR 3

i . . A
.r(t)=.‘lsmc(lOOO.T!)::—.:-A(_f):mn(m%)

Thus the bandwidth 157 of »(t) is 1000/2 = 500. Since we sample at f, = 2000 there is o gap
between the image spectra equal to

2000 - 500 - 11" = 1000

The reconstrnetion flter should have n baudwicdth 157 such that 500 < 117 < 1500, A filter that
satisfy these conditions is

e AR S
H(H =11 (21!") = So00 (211")

and the move general reconstruction filters have the form

S If] < 500
H(f) =< arbitrary 500 < |f] < 1500
0 [f1> 1300
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Problen: N

1) 1" = 50Hz so that 7, = 1/211" = 10-2%sec. The reconstructed signal is

. ) . S T
J‘(f) = &s'hc ¥ 7 ---;:;"Z‘”""
i
= - Z auu(—— - 1)+ Z smc(— - 1)
T e ]
With 7, = 1072 and ¢t = 5. 10-2 wo ohtain

4 | 1

2(.005) = - sine(z 5+n)+ Z sine(s - n)
n=| n=1 -

= “f\‘inf'('-j-)-lwilw( ) + si (L s
Pirtg) +4 3 .amc(§)+sm((3)]

. : 5 7
+sine(-3) + Sil!(’(—ﬁ) B siuc(-—?) + sinc(—-’-)}

¥ 1 . 9 ’) 0 "
e = smc(;)—smc(;)—-—qm( )—-—-gln(g_) N
16 B
R T

where we have used the fact that sine(t) is an even fuucuun ,
T s S-Igu,a.ﬁ B Liaevtol  ta ke =D S-.*/'/; “ f s {5{7%‘

2) Nute that (see Problem 2.41)

% . ' 1
/ sine(2AUt = m)sine® (2107 = n)dt = WJ'""
with &ppp the Kronecker delta. Tlus,
~ n b Y
/ Je(t)dt = / ()" (t)dt
-N -
x x

= Z J-(nT,.).r‘(mT,.)/ _ sine(230°t —~ m)sine’ (217t = n)dt
= "‘.Z_x (T )= 21‘

Henee

./..'»I."('”Qd(:'-)-‘]-‘-' [Z ITZIJ m-ii-a §.1072

[T | na=l
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Problem Wil -7

1) No. The input I1{#) has a spectrum with zoves at frequencies f = &, (k # 0. k € Z) and the
Information about the spectyuimn of the system at those freguencies will not be present at the output.
The spectruni of the signal cos(2x¢) cousists of two fmpulses at f = £1 but we do not kuow the
response of the systen at these frequencies.

2)
hy(H) =11(1) = I1(H)*1{t) = A(H)
halt) = 16{1) = (L1{t) + cos(2=1)) = I1{t)
= A+ %f-l [o'(f — 1)stne®(f) + 8(f + 1)sine®( f)]
= A()+ -,];.7-'“ 1 [o'( £ = Dsine®(1) + 60 f + 1)sine’( —1)]
= (D)

Tlus both signals are eandidates for the impulse yespouse of the systen.

B)=Efu_y (1)) = £8(f) + 3-,1;7 Tlns the systein has a nonzero speetrum for every” foanc all the
freqencies 'of the systemn will be exeited by this input. Fle=®u.1(!)] = B'+Tl."w7 Again the speetruin
is nonzero for all £ and thie response to this signal uniquely detenuines the systent. In general the
spectrin of the input must not vanish al any frequency. In this ease the influence of the systemn
will he present at the eneput for every froqueney.
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YyEI= Can( %{_) Cos ()

7.39. (a) Using Trigonometric identities,
Wy mw 2.1 e E’_{ X
cos (-E-t + ¢) = C0§ ( ) t) cos(¢) — sin ( 5 t) sin(@).
Therefore, "

et ._i .

g(t) = sm( 2 t) sin(¢).
(b) By replacing w, with 2x/T, and ¢ by NT in the above equation, we get
. f2r .
g{(nT) = —sin (ﬁnT) sin(¢)

= ~—sin(nw)sin(p).

Clearly, the right-hand side of the above equation is zero for n = 0, £1, £2,---
(c) From parts (a) and (b), we get

zp(t) = i z(nT)é(t - nT) = i 8(t —nT) {cos (ﬂnT) cos(¢) + 9(nT) }
= Z §{t — nT") cos (—nT) cos(¢)
280
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Problem -

1)
nit) = Y (=1)"z(aD)S(t - nl)) = =(1) > (-1)"4(t - nTy)
= 20| Y &e-2ATy- 3 J(t—T,.-—‘le,)J
= I
Thus
X . X s ! 1+ !\ oy,
1f) = X(f)« ET:IZ* (f_QT,)—ﬁ‘Z_:_OU_ﬁT,)e
1 = . l 1 = > ! et Ty
= ﬁ:lgmﬁ(f‘*ﬁ:)“g:lgx-’\(f“m)f’ AT
I T - A N O NI
= '?T'l;x;\(f“:ﬂ—.’) mlgx-"(f—ﬂ:)(“l)

l

2) The spectrum of x{t) occupics the frequency band [~11, W]. Suppose that from the periodic
spectrum Xy (f) we isolate Xi(f) = = X(f - o = =), with a bandpass filter, and we use it to
reconstruct x2(t). Since Xi(f) ocenpies the frequency band 2KV, 2(k + 1)1, then for all k, X(f)
canuot cover the whole interval [—11111). Thus at the output of the reconstruction filter there will
exist frequency components which are not present in the input spectrum. Henee, the reconstruction
filrer hins to be o time-varyiug filter. To see this in the tine domnin, note that the original spectrum
has been shifted by f = ?}-.- In order to bring the spectrum back to the origin and reconstruct
x(t) the sampled signal x1(t) has o be multiplied by e™/2 77t = =20t However the system
described by
y(t) - cj'.’:ﬂ'lr(t)

is a time-varying svsten.
3) Using a time-varying systemn we ean reconstruct x(t) as follows. Use the bandpass filter

ZI'I(L._E“-‘-') to extract the component X(f — -ﬁ:) Invert X(f - -..,-}-'-) and multiply the resuleant
signal by e~ We )0

o -1
z(t) = ¢~ p- {T,.l'l(f—m?‘.—).\l(f)]
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