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1. (20%) Given that g(t) = Arect(%) cos(2f t) , find

(@) G(f) (4%), (b) g, (t)(4%), (c) () (4%), (d) g,(t) and gq(t) (8%).

2. (16%) Specify the Nyquist rate for each of the following signals: (Note that

)

sinzA4

sinc(l) = r)
7T

(@) s(t) =sinc(200t). (6%)

(b) s(t) = sinc(200t) +sin c2(200t) . (10%)

3. (20%) The transmitter of a PCM system is given below where a uniform quantizer
followed by a 5-bit binary encoder is used. The bit rate of the PCM system is equal to
50x10° bits/s.

(a) What is the purpose of using the LPF (low pass filter)? (5%)
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(b) Determine the maximum allowed bandwidth of the input analog signal, by which the
system may operate satisfactorily. (5%)

(c) Determine the signal-to-(quantization) noise ratio of the (uniform) quantizer when the
input analog signal is a full-load sinusoidal modulating wave of frequency 1 MHz. (5%)

(d) Explain why a PCM system can achieve better performance than an analog system. (5%)
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4. (20%) Two sinusoidal waves of a coherent BPSK system are respectively represented by

s, (t) = 2_|_£00527zfct and s,(t) = 2_|_£cos(27zfct+7z), where 0<t<T_, and E, is
b b

the transmitted signal energy per bit. The received signal is Xx(t) =s, (t)+w(t) ,
0<t<T,, k=1 2, where w(t) is AWGN of zero mean and PSD N,/2. Note: s,(t)
for symbol 1 and s,(t) for symbol 0.

(a) Assign orthonormal basis function(s) for this system. (4%)
(b) Plot signal-space diagram for this system with optimum decision boundary. (4%)
(c) Plot block diagrams of transmitter and receiver of this system. (8%)

(d) Simply describe your decision rule for this system. (4%)

5. (24%) Three signals are given below.

(@) Are they orthogonal to each other? Why? (6%)

(b) Using the Gram-Schmidt orthogonalization procedure, find a set of orthonormal basis
functions to represent the three signals shown below. (12%)

(c) Express each of these signals in terms of the set of basis functions found in (b). (6%)
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| TABLE A6.3 Fourier-transform pairs

Time Function

Fourier Transform

rect(,li_,) T sinc(fT)
sinc(2 Wt) %‘7 rm(%V)
exp(—at)u(t), a>0 ;‘“_;-1’.2—1’__,.
CXP( a ): a az + (z,n.f)z
exp(—wt?) exp(—wf?)
|2

1=, =T T sinc*(fT)

0, lt|=T
5(t) 1
1 a(f)
5(t — to) exp(—j2mfto)
exp(j2wft) 8(f — f)
cos(2mft) a(fF — £+ 8+ )
sin(2 L) le[S(f —£) = 8(f + £

1

sgn(t) inf

1 .
— —J sgn(f)

1 1

u(t) 3 8(f) + Zaf
3 8 — iTo) Tio > 5( - —,}’;)

Notes: u(t) = unit step function
8(t) = delta function, or unit impulse
rect(t) = rectangular function of unit amplitude and unit
duration centered on the origin
sgn(t) = signum function
sinc(z) = sinc function









