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1.  Anonlinear amplifier is characterized by y =K, +K,x+K,x*, where x and y

denote the input and output signals respectively.

(a) If x(t)=4 coswit+A4 coswyt isinputted to the amplifier, find the
harmonic and intermodulation distortions of the output signal. (10 %)

(b) An amplitude-modulated signal, x(f) = A[14-m(f)jcos w ¢, firstly passes
through the nonlinear amplifier and then a product detector ( a mixer
cascaded with an ideal low-pass filter), where the message m(r) has a
bandwidth of 100 Hz. The carriercosw,f with a carrier 'frequency of 1000
Hz is used in the mixer. In order to extract the message m(?), evaluate the
allowable minimum and maximum cutoff frequencies for the ideal low-pass
filter. (10%)

2. An mput signal x(¢), consisting of a sine-wave (deterministic) signal
s(1) = Acos w,t plus white noise, is inputted to a RC low-pass filter with the
transfer function H(w)=1/(1+ jwRC). The white noisé has the two-sided
- power spectral level N /2.

(a) Find the output signal-to-noise ratio of the low-pass filter. (10%)

(b) Find the value of the RC product such that the output signal-to-noise ratio
will be a maximum. (10%) |

3. Acomplex envelope is given by g(f)= A[m(t)+ jm(t)], where m(t) denotes
‘the Hilbert transform of the message m(f). In the following, which is the valid
modulation type using the complex envelope? (10%) |
(a) Double Sideband,; (b) Single Sideband; (c) Vestigial Sideband
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4. (15%) An analog signal with a bandwidth of 10 kHz is digitized using an I-bit PCM
and then transmitted through an m-PSK modulator.

(a) (5%) Determine the minimal required sampling frequecy for the analog signal
so that no aliasing occurs.

(b) (5%) Using the result in (a), determine two combinations of [ and m so that
the symbol rate for the modulator can be 80k symbols/sec.

(¢) (5%) For the two combinations yon found in (b), which one can result in a
higher bit rate? Draw the signal constellation and the decision boundaries of
the m-PSK for this combination.

5. (15%) A signal s() is transmitted through an additive white Gaussian noise (AWGN)
channel. The power spectral density of the AWGN noise n(t) is No/2 W/Hz. A
matched filter is used in the receiving end to detect the signal s(t). The impulse

. response of the matched filter, say, A(t), is shown in the following figure. '

(a) (5%) Draw the waveform of the signal s(?).

(b) (5%) Determine the maximum value of the matched filter output when there
is 1o noise.

(c) (5%) Determine the maximum signal-to-noise ratio (SNR) at the output of the
matched filter.

6. (20%) Consider designing a 4QAM communication system.

(a) (5%) Draw the block diagram of your 4QAM modulator.

(b) (5%) Draw the block diagram of your 4QAM demodulator.

(¢) (5%) Draw the signal constellation and the decision boundaries for the 4QAM.
(d) (5%) Design a Gray code for the 4QAM symbols.
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