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1. In an analog transceiver system as shown below with the analog message signal m(¢) andf.fg
5 T
1, [f|=100KHz ® : 7
M(f)=3 =4 , the DAC outputs = S(t-m T
(f) ‘{m(f]} {0, ctherwise ? o (t) n;mSI [m] (t " S) f ‘!{"

i =

sgs(t)= D sy(m]-6(t—m-T;) and ' the ~ LPF impulse/frequency . resporise

]
1 0.5 N
B (‘)/HLP (f):“i{hu, (;)}:{ > lf|<‘ 5 fs (all LPFs have the same specification), (a) plot the Fom%?:‘#_ﬂ

N 0, otherwise

2

spectrum of 5, ,(r) inthe range -2.5MHz< f<2.5MHz when s, [m]=m(m-T;) (6%); (b) find the formula
of x (f), s,[m] and s, [m] in terms of m(s) such that the system is an Upper-SideBand SSB modulator
(6%) ; (Cj find the formula of x (1), s {¢) and s,(f) in terms of m(z) such that the system is an FM
modulator with a frequency deviation constant £, (Hz/V) (6%) ; (d} ﬁnd the formula of 7 (/) and ,,(¢)
in terms of m(r) when 7, (t)=2m(t)-cos(2z- f,-t+0,) (6%); (e} find the values of o, and g such that

(rI[m]+j-1b[m])-exp(—j(a)0-m+|90)):m(ﬁa-Tu',) when 7 (¢) is given in (d) (6%).

lcos(?.ﬂ'_f:_t)
sy 1] S5 (1) s (2) w
f [ =3 N -
solm] et 50 () 50 (8)
T DAC s LPF )

£, =100 MHz

S =Y/7T, =1 MHz —sin (27 1)
DAC: digital-to-analog converter
LPF : Lowpass Filter

cos(27( f, —0.01 i }t)

1 (1) rpim)=r(m Iy)
r(t)y — » LPF ADCI—
' ¥

o (?)

_relml=re (mTs)

— LPF [

ADC

f. =100 MHz 1
—sin(27( f, -0.01- f;)¢) fs =YT, =1 MHz

ADC: analog-to-digital converter
LPF : Lowpass Filter

2. Consider a complex baseband communication system having the received signal given' by

- I, 0<¢<0.5T,
r ()= alk] p, (1 -%-T,, —-rn)+nﬂ () where p (t)=42, 05T, <t<T, and n () =n, (£)+ -, (t)
fome 10, otherwise
being the complex Gaussian noise with E{n (1) ny(t+7)} =0 and

E{n, (¢)n, (t+ 7)) = E{nQ (£)-n, (,;H-)} :%0_.5(1—), (a) plot the waveform of », (t) in the range 0<¢<47l,,

when n, (t) =0, alk=-1~ 4] =|:1,?1,—1,1,1,—1:l and 7, =057, (5%); (b)find thg power (E{|r3 (f)r}) of

the received signal when ny(f)=0 and a[k]e{-4,-2,2,4} with equiprobability (5%); (c) find the
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sampling time f, of the matched filter output, the values of 4 and E{[”M [k]r} wh %!
i

r,;, ()=r ()*p, ('_'z;ym -t), rult.)=A-a[k]+n,[k] and 7y =1.5T,, (15%); (d) find the decision w’fﬂ |

sy

based on r, (tk) given in (¢) and the decision error probability in terms of Q@ function such that the
decision error probability is minimized when a[k]e{-2,4} with equiprobability (10%); (e) find the
formula of », (tk +0.5];ym) in terms of a[k] when 7,(¢)=0 and the sampling time f, is given in (c)
(5%). (Hint:lQ funcion: 0(u)- ju”z%z__;exp(—?f].dx) |

3. Consider the observations given by Z =4-4+N, and  z =4+n, where N, and u, are independent

Gaussian noise with zero mean and variance af,‘ find E[(ﬁ— A)z} when (a) 4=(Z,+2,)/5 (5%); (b)
A=arg max le,zJ\-A (7,7, 4) (the maximum-_likelihood estimate of 4 based on 2, & z, (4%).

4. Consider a binary symmetrical chémlel (input: x,, output:y,) with the transition probabi.lities
Pr(}’k =(1—xk)Jxk)=1~Pr(yk =% |%)=p, and x, e{0,1}, (a) find the entropy of 3, (ie., H(»)) when
Pr(x, =1)=1-Pr(x, =0) =§ (3%); (b) find the joint entropy of x, and y, (ie, H{x,y)) when

Pr(r, =1)=Pr(5, =0)=3 (4%)

5. Explain the following terms: (a) Nyquist’s Pulse-Shaping Criterion; (b) spread—spectrum;.(c) power efficiency
 in digital communication; (d) Cellular Radic Communication System. (12%)
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