Solution of EE 503 Test #2 S04

Complete the following Fourier pairs.
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2. A CT signd, x(t), hasaCTFT,
f fl<1
x(f)=§)|,0<||< -
, otherwise

Another CT signal, x,(t), is formed by periodically repeating x(t) with period T,=8.
What is the numerical vaue of the CTFS harmonic function, X [k|, & k=3, given that

X, (1)~ - X [ and X ,[K] = f,X(K,)?

X[ :6—?;:0.046875
Xp[k]:pr(kfp)=fp§)kf 0<‘kf‘<1 1§H O<

otherwise ’ otherW| se

X [4= %‘ o<

, otherW|se

3. Classify the following filters as lowpass, highpass, bandpass, bandstop or none of these.

(@ A filter whoseimpulse responseis h(t) = %5( f)-sinc(4(t - 2)).
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In the DSBTC modulator below, the excitation signdl is x, (t) = cos(400r1t).
?

4,
(@ If m=1and f_ =200 what isthe numerica average vaue of thesigna, y,(t)

¥, (t) =[cos(4007t) +1] cos?(40011)
Y4 (t) =[cos(4007t) +1] %[1 + cos(80071)]

y,(t) = %[003(40071) +1+cos(4007t) cos(800 7) + cos(800 1]

Averagevaueof y,(t) is0.5.
(b) If m=2and f_=200 what isthe numerical average value of thesignal, y,(t)?

¥, (t) =[2cos(4007t) +1] cos?(40071)
¥, (t) =[2cos(40072) +1] %[1 + cog(8007t)|

y,(t) = %[2003(40071) +1+2cog(4007t) cos(800 1) + cos(800 4]

Averagevaueof y,(t) is0.5.

(©) If m=1and f, =100 what isthe numerica average value of the signal, y,(t)?

¥, (t) =[cos(4007t) +1] cos*(20071)
Y4 (t) = [cos{400rt) +1] %[1 +cos(40071)

y,(t) = %[cos(400nt) +1+cos(400 7t) cos(400 1) + cos(400 L]

y,(t) = % %005(40071) +1+ %(1 +cos(80071)) E
Averagevaueof y,(t) is0.75.

X(t) — m —»®_<$> Y: (1) = x,(t) @

l cos(2rt 1) cos(2rt 1)
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5. Find the numerical value of the Nyquist rate for the signal,

x(t) = sin(2007t) + cos(50 7t) cos(180 ).

X(f):%[é(f +100) - & f ~100)| +%[6(f -25)+ qf +29) D%[cff— 90) + &t +90)|

X(f):%[c‘i(f +100) - &( f ~100)| +%[5(f -115)+ { f +65)+ {f -65)+ §f +115)]

The highest frequency in the signal is 115 Hz. Therefore the Nyquist rate is 230 Hz.

6. A bandlimited periodic signal is sampled an integer number of times in one fundamental
period above its Nyquist rate. The samples are {X[0],{3.{3 % 3.k # kB [X[6[x]7} . These
eight samples are given to the fft (DFT) algorithm in a digital computer and the computer returns
this set of eight numbers,

{2,1-j,0,1+j,0,a,b,d .

(& Using the complex-conjugate symmetry of al Fourier methods, what are the numerical
valuesof a, bandc?

a=1-j , b=0, c=1+]j.
(b) What isthe numerical value of thefirgt time-domain sample, x[0] ?
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7. Givenasignd, x[n] = ZCOSQ g@_ 4COS§ 88m Q

(a) Find its autocorrelation function, R,[m].

R[m -~ X [}

X[K] = (combg[k 1] + combg[k +1]) - 2(comby[k — 9] + comb,[k +9])
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R, [m £ - %combg[k 1] + comby[k +1]) - Zﬁombs[k —9| +comby[k +9]
U

=combg[ k-1] combg[ k+1]
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(combg[k —1] + combg[k +1]) - 2[pombg[ k - 9] +comby[k + 9]
O =combg[ k—1] combg[ k+1]

R,[m| - - [(combg[k 1] + comby[k +1]) - 2(combg[ k —1] + combg[k +:I])] x
(combg[ k - 1] + comby[k +1]) - 2(comb,[ k —1] + comb,[k +1])
R[m T - [(combs[k 1 + comby[k +J])] x (combg[k —1] + comby[k +1])
combg[k + 1] combg[k +1] = comby[k +1 , combg[k +1] comby[k-1] =0

R [ <& - (comby[k 1] +comb,[k +1])

R,[m] =2005é!?§

(b) What isthe average signal power of thissignal?
P=RJ0 =2

8. A CT signd with a PSD of G,(f)=30 is passed through an ideal lowpass filter with a

bandwidth of 100 Hz and a transfer function magnitude of 20 in its passband. What is the signa
power of the response signa from thisfilter?

%=jGAUm

[20* , |f|<100

Gy(f):Gx(f)‘H(f)‘ZZ?’Ox otherwise

100
P, =12000 I df =2.4 x10°
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