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1. (20 %) The additive white Gaussian noise (AWGN) n(f) appears in communication system.
(@) (10 %) Please give a mathematical definition for the AWGN n(r).
(b) (10 %) Suppose now you are given a sample function n(r), 1=0,1,---,N —1, depicted below. Is it
a sample function of an AWGN n(t) ? Please address the steps and methods that you use to justify

yOour answer.

A sample function of a random process
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2. (20 %) Consider a periodic signal x(¢) with period ;. Over one period, the

7, 2 2772

where TI(+) is the unit rectangular pulse. The signal x(r) is filtered by an ideal lowpass filter with

cutoff frequency 2—;— to produce output signal y(7).
0

(a) (2%)Plot x(r) for T, =1.

(b) (5 %) What is the output signal y(¢)?
(¢) (10 %) What is the autocorrelation of the output signal y(#)?
(d) (3 %) What is the power spectral density of the output signal w(t)?
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3. (20 %) The frequency modulated signal is denoted by x(7) = 4, cos (27{ fir+2m fdj'm(r)er , Where

£, is the carrier frequency, f, is the frequency deviation constant, and m(7) is the message signal.
Consider now m(f) = 4, cos(27f, 1) .

(2 %) Show that the modulated signal may be expressed as x(7) = 4, cos (271' f.t+ Bsin (27r fmt)) .

Please give the value of 5.

(3 %) What is the complex envelope of x(t) = A4, cos (27z f.t+ Bsin (271 fmt)) ?

(10 %) What is the continuous-time Fourier transform of x(f) = A4, cos (27z fit+ Psin(2x fmt)) ?

You may use Bessel function to express your result.

(5 %) What is the time average power of x(f) = A4, cos (27z f.t+ fsin (27z fmt)) ?

4. (20 %) The received (complex-valued) baseband signal is x =hs+w, where & is the known channel

gain, w is the additive white Gaussian noise with zero mean and variance o” . The transmitted

symbol s comes from the 8-PSK constellation set S = {e’ k8 L | = 0,1,---,7}.

(2 %) What is the constellation diagram for S ?

(3 %) What is the likelihood function for detecting transmitted s from received x?
(5 %) What is the decision rule for the maximum likelihood detector (MLD) to detect
transmitted s ? Please reduce to the simplest form as possible as you can.

(5 %) What are the decision regions for the MLD?

(5 %) What is the symbol error probability for the MLD?

5. (20 %) A stereo frequency modulation (FM) broadcasting is to transmit a left channel signal m,(¢), a
pilot p(f)=cos(27z f,1), and a right channel signal m,(¢) ata time through frequency division
multiplexing and frequency modulation. Assume that m,(t) and m,(¢) are of the same bandwidth 15

kHz and pilot frequency is f, =19 kHz.

(10 %) Give your design for the stereo FM transmitter using a block diagram. You may give
spectra of signals in the block diagram if necessary.

(10 %) Give your design for the stereo FM receiver using a block diagram. You may give spectra
of signals in the block diagram if necessary.




