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Problem - i

Let the response of the LT systew be h(1) with Fousier transform H {f). Then, from the convolution
thearem we obtain

Y{H =HAHX) = A(f) = THH(F)

ITowever, this relation cannot hold since o{f) =0 for % < f whereas A{f) £0farl < if < 1/2.

Problemn @il Z

For no alissing to oeeur we must sample at the Nyquist rate
fe = 20000 sanples/see ~ 12000 samples/see

With a guard band of 2000
Jo =287 = 2000 = §, = 14000

The reconstruction filter should nor pick-up frequencies of the images of the spectrum A{f). The
ucarest iimage spectrum is centered at £, and occupies the frequency band [f, — T, Js 4+ W], Thus
ThEZhest frequency of the reconstruction Aleer (-~ 10000; should satisfy

10000 < £, - W' =~ £, > 16000
For the value f, = 16000, K should be sucl that

- oy = e IV S 16 000)

Problem S 3

. " I; =
r(t) = Asine(1000x1) = X{(f) = Ee_on(mé%ﬁ)

Thus the bandwidth 117 of x(t) is1000/2 = 500. Since we sample ar f, = 2000 there is n gap
Letween the image spectra equal to

2000 — 500 - TV = 1000

The reconstenetion filier should have o bandwidth 157 suel that 500 < 517 < 1800, A filter thnt
satisfy these conditions is

HU =i () = s ()

anek the more general reconstyuction filters have the form

— o< s
H(f} = ¢ mbitrary 500 < f, < 1500

0 F > 1500




Problen Ji S

1) W = 30Hz so that 7, = 1/211" = 10~2see. The reconstructed signal is
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107 we oheain
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r{.005) =
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smr-i_E-J + smv(-:-z—) + smc(E) + Smc(;);

! 1] 7
+[:‘-iuc(—%) + sinc(—E) + Hill(‘(-—-g) + sin(-(-h--é}g
2 0 2 =
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T i
where we have used the fact that sine(t) i is an ux uu fumr:uu o
T8 tlewol N1 SRR Hawe =D S a

2) Note that (see Probles 2.41)

f Sine(2007 — m)sine™ (2107 — u)de = I! —==dsmn
with dgp the Kronedker delta, Thus.
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Problem il 7

1: No. The input IT{ 4} has & spectrum wich zeves at frequencies f = &, (k £ 0, k € Z) and the
Infovination about the speetyuin of the systemn st those fregqueneivs will not be present at the output.
The speetrum of the sianal cos(27¢) consists of two fipulses ot f = £1 but we do not kuow the
respanse of the system at these frequencies,

2

by(h) =1101) = DN =Tt = A(4)
halti =110y = (1)< cus(26)) = 11{1)

= AN+ %F" [d'{f — Dsine®(f) + & f + l}sinc"’{f}}

= Alf)+ é.'r s [J{f — i)+ & f+1 )s!nc’{—l)}
Aln

Tlus hoth sizuals are candidates for the impulse vesponse of the systenn.

ApFluy (1] = 5(F) + 33% Thus the systemn has o nonzero spectriun for every f=eaml all the

freqiencies of the svstetn will be exeited by this input. Fle ®u. ()] = Tr'-i-?l'.'ﬂ' Again the speetruin

is nanzevo for all £ and the response 1o this sigual nniquely detennines the system. In genernl the
speetrinn of the iuput must wot vanish ol sy Dreguencey. In this ease the influence of the systen
will he present at the oncnut for every frequeney.
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7.39. (a) Using Trigonometric identities,

cos (%}‘. + qS) oS (?!) cos(¢) — sin ( ) sin(@).

Therefore,

o Y
g(t) = sm( 3 t) sin(g).
{b) By replacing w, with 2x/T, and ¢ hy NT in the above equation, we get

g{nT} = —sin (ﬁ?nT) sin{¢)

= - sin{n=)sin{¢).
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) = ?: 8(t —nT) {cos( )cus ¢)+g(nT}}
- Z §(t ~ nT) cos (%ni") cos(@)
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Problem JiR

1)
) = > (=1)"z(aT)5(t — n¥,) = 2(t) > (=1)"é(t—nT)
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=—= I=eog
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2) 1he spoetian of 41 ocenpies the frequeney. band WL 1L Suppese that from the periodic
speetrumn Xo{ f) we isolate Xp(f) = =X(/ - ?}‘- = =), witk a bandpass Bleer, and we use it to
reconstruet 2(2). Since Xi(f) oceupies the freemeney band 2110204k 4+ 117, then for all &, Xelh)
canuot cover the whole interval [~1T21F]. Thus at the output of the reconstruction filter there will
cxist frequency components which aye not presenc in the input speetrun, Henee, the reconstruction
filrer hias to be o time-varying filter. To see this in the titte domain, note that the ariginal spectrum
has been shifted by f' = T}:' In order to hring the spectrum back to the origin and reconscruct
r(t) the sampled signal ¥1{t) has fo be multiplied by et e~72Wt However the system
described hy
ult) = Wi (e)

is u tine-varying systea,

3) Using a time-varying systemn we can recoustruct o(¢) as follows. Use the Landpass filter
T to extract the component X(f ~ 7). Invert X(f - wr7) and multiply the resuleant
sighal by o=F37 )

i

2(t) = B - [r«-n(‘%‘-—"}-\'lfn]




