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1. Consider an analog signal r{t) with spectrumn X[ f) shown belﬂw:'. .
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(a) Is the following staterent trua? Why?  (4%)

‘() is specified by at most 2B independent. pieces of infarmation per second.”

(b)) If &(t) is samypled (or multiplied) by a periodic unis

unpallse train and then uni-

formly quantized intg f = 2# levels, determine the minimumn channel bandwidih

requiired for binary pulse code modulation to transmit the sampled

interference,  (3%)

(¢} If 2(t) is sampled (or multiplied) by 5 periodic unit

signal without

impulse train with & period

of 1/ 5 second, sketch the spectrurn of the sainpled signal.  (3%)

(d) If z(¢} is sampled {or multiplied) by the function shown below, sketch the spac-

brum of the sampled signal for |f| < 48, 1s it possible to recomstruet

the sampled signal? Why?

(10%)
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2. Consider the frequency modulation {FM) system shown below, where ﬁ;, = 1 s 2=

Im(t)rin|, the carrier frequency is f,, the carrier amplitude is A, and the maximum
deviation of the carrier frequency is Af == (k;/21) x i

f L} L oqft
m“—-:-i FM rewdielator o - 4 Ay Envelope —Tf'.i.g. dc hiocking :.{t}
; Channel § d&t&cLDF

FM demadulater

Lo} If fo = 100 MHz, &y = x 10%, and mf?) is given below, sletch the waveforms of
pit), g{t), r{t), and #(t) withont considering the channel noise, 18%%)
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(b) Determine the transmission bandwidth {i.e., Bry) for the case givenin {a). (4%)

(c) If-m{t) = cos®(10,000t) and k, = 471,000, determine the corresponding trans-
mission bandwidth, {4%)

{d) If the carrier amplitude A is not & constant, but a fanction of time, modify the

FM demodulator properly such thal the effect of the carvier amplitude varigtions
can be allevisted. (4%)
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3. Consider the following model of a cormmunication sysiem:

r{t 2t
a(t) —-ﬁﬁ)—ﬂ}wupa&s Fifter © «f Squarcr —[11-

n{f)

where s{t) is a baseband real signal with bandwidih W, n(l} iz & white Canssian noise
with two-gided power speciral densiey Mpf2, the low-pass filter has bandwidth ¥, and
the syuarer is a nonlipear device with input-output relastionship

y — &

To sirilate Lhis sysiem with 2 digital soroputer, we should eonvers this continnous-
time model into en equivalent discrete-time model as [ollowes:

A X#
5 —@— IR Filler ! Sciarcr S

Jﬂhlrt_

b 3

where 5; is the sample of (1) at the sampling epoch t = {7, with T, the sampling
mterval and the finite mpulse response (FIR) [ller is an approdmated counterpard
of the low-pass filier in discrete-time. The while uoise nft) cannot be simnlated with
its samples sinee cach sample ia 2 variable with infinite variance. Instead, a sequence
{N:} of independent identieally distributed Gaussian randorn variables with zero mean

and variance o is used to be an equivalent counterparl of n{?) in discrete-time.

(8) What iz an appropriate sampling imerval .7 {10%)
(b} What is an appropriate variance o2 of N's 10 be used?  (5%)

(Note that the answers should include reasonabie explanations. )
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. A DSB-SC signal can be demodulated by an envelope detector if a sufficient amount of
carrier is reingerted at the recelver. Suppose a carrier 4 cos(2x fof 4+ 8) is added to the
raceived DSB-SC signel mif) cos(27 fi), where milE) 1o the messege, snd the resulting
sipnal is envelope detected. Assume |mff} < A.

(o) Find the ontput after do blocking. (5%

(b} Compare the effect of the phase error in this method with that in synchronous
rroduct demodulation.  (3%)

. T, ig desired to generate a stationary random signal z{t} with the sutocorrelstion
function

Rery=e T,

hence the power spectrsl density

2
Sm{f]: l_l“{gﬂ_f}g'

We propose doing this in two ways:
1. By taking o
1y = h - o) dex
at) = [ han(t - o) da

where n(t} 1s white noise of power spectral density Ny /2 with Ay = 4 and A(¢) is some
spprapriate impulse response.

1L By setting (1) = v2oos(2x fot + ), where fy and # are statistically independent
random varisbles and # is uniformly distributed in (0, 2x).
(a) Pick A{t) to yield the desived power speciral density via method 1. [4%)

(b} Specify the probability density Function for fo that yiclds the desired power spee-
{ral density in method I {3%)

(¢} Sketch a typical saraple function generated by method T; by method 11 Do you
expeet them to look similar? Explain. (3%}
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6. (a) The most common binery digitel carrier modulations are QCK {on off koying),
FBK (frequency shift keying), and PSK (phase shift keying). Based on the concept
of signal space, quantitatively compare the performance of the three schemes,
assuming coherent demodulation,  (15%)

(b} PCM (pulse code modulation) is also very common in digital commumication
systermns.  What 1s the difference amony those digital modulations aud POM?
(5%}

' (e} Buppose Lhe quantization error for a PCM syvatern ruoust be less than + 5%. Flease -
find the minivmm mumber of bits for each sample in this POM scheme. . {(5%)




