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1. (a) The ideal Hilbert Transformer is a linear time-invariant (LTT) system with fre-
quency response given by

_js f}ﬂ
H(f)= B, f=10
5o f<

If a signal z(f) with Fourier transform given by

e I_Lﬂ': Ifl{w
X{'ﬂf—{ﬂ, " otherwise

1s passed through the ideal Hilberi transformer, and y{t) is the corresponding
output signal of ihe ideal Hilbert transformer. Find and plot the Fourier trans
form Z(f) of the signal z(t} = =(f) + jy(f). (5%)

(b} A radio frequency (RF) pulse is given by
g{t) = A rect(¢/T) cos(2x f.£)
where A > 0 is a constant and

1, #<1/2
0, otherwise

rect(f) = {

Find the Fourier transform G(f) of g(¢} and sketch |G(f)! assuming £.T7 > 1
(10%) - |

(You need write down detailed derivations. )

2. Assume thai £(t) is a real zero-mean wide-sense stationary random process with the
autocorrelation function Rx(7) and ¢ is a random variable uniformly distributed over
the interval (B, 27}, and that z(t) is statistically independent of ¢ for ali £. Let

y(t) = z(t) cos(2m fot + ¢}

(a) Show that y(t} is also a wide-sense stationary random process. (5%)
(b} Find the power spectral density Sy(f) of y(t). (5%)

{You need write down detailed derivations.)
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3. The gingle sideband version of angle modulation is defined by

8(2) = expl—g(t)] cos[2n £t + ()]

where rﬁ-(t) is the Hilbert transform of the phase function ¢(f) and f. is the carrier
frequency. Assume single tone maodulation, i.e., the phase function

o{t) =g sin(2n firt)
where f is the modulation index and f,, is the modulation frequency.

(a) Derive the corresponding expression for the modulated wave 8(t). (Hint: First
find the complex envelope 3(¢) and then expand 5(t) into a power series by using
the expansion exp(z) = T2 0 2%/(nl).) (7%)

(b} Use (a) to show that the spectrum of s(t) contains no frequency components in
the interval —f. < f < f.. (3%}

4. Consider the noisy model of an amplitude modulation (AM} receiver shown below,
with the modulated wave given by

8(f) = AL + kymi(t)] cos{2n f.1)

where ka 18 a constant, m(t) is the message signal with bandwidth W and average
power P, and f, is the carrier frequency. The additive noise w(t) is white Gaussian
with zero mean and power spectral density No/2. The envelope detector is assumed
to be ideal. Also assume that the carrier-to-noise ratio at the envelope detector input
is high compared with unity.

{2} Find the output signal y(t). (5%)

(b) Find the output signal-to-noise ratio. (5%)

(¢c) Find the figure of merit of the system with single tone modulation, i.e.,

m(t) = Am cos(27 fut)

and 80 percent modulation. {5%)

AM signal Band-pass *() Envelo
pea Output

Noise
wit)
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3. One of two equally likely messages (0 and 1) is o be transmitted over an additive white
Ganssian channel. Assume that the transmitted signal for message 0 is So{£) =@ {1} + &,{£) and

the transmitted signal for message 1 is s,(r)=—2¢,(r}—2¢2{t}, where () and @,(t} are

two orthonormal funciions, Derive the maximum likelihood decision rule to detect such
messages. (10%) ‘

6. In a coherent quadriphase-shift keying (QPSK) system, the transmitted stgnals are defined by
5,5y = | V2EIT cos2afa+Qi~1)w /4], 0<r<T
! 0, elsewhere
where i=1,2,3,4; Fis the transmitted sighal energy per symbol, and 7 is the S}qnbnl duration;
the carrier frequency J. equals n /T for some fixed integer n._. Assume that a white
Gaussian noise process of zero mean and power spectral density of N, /2 is added during the
transmission of a QPSK signal,

(a) Find a set of orthonommal basis functions to represent this set of signals, and then draw the
corresponding signal constellation, (6%)
{b) Draw the optimum receiver structuge for the cokerent QPSK system. (4%)
() Find the average probability of symbol error for the coherent QPSK system. You need 1o
- giVe your answer in terms of E/N, and the complementary error function. {10%)
(d) Determine the average probability of bit error for the coherent QPSK system with Gray
encoding used for the incoming dibits (symbols) at the transmitter. (2%)

(e) What is the main advantage of a coherent QPSK system over a coherent binary phase-shift
keying (BPSK) system? (3%)
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7. Consider a binary input sequence {&,}that consists of uncorrelated binary symbols 1 and 0,
each having duration T,. Assume that this sequence s applied to a precoded duobimary
signaling scheme as shown below. -

(a) Derive a decision rule for detecting the original binary sequence {b, } from {c,}. (10%)
{b) If an error is made in the detection procedure, will it propagate through the output? What
will happen if the precoder is removed from the system? You have to justify your answers.

(5%)
Input [T — s e
binary | mModuio-2 adder |
el i Output
1t ¢ @ o ;{i EP"“,H" fo) | Duotinesy o i threedevet
! i roodulator Bt Bequence
| Sampie 8t {e]
I I / ETE,
| idg} ! 3 ®
1 D‘ﬂﬂ\‘ I F S
: Tﬁ - l r ™ -y
I _I;i wodevel 4 e — — L
—————————————— sequence | |
Pracador LT S + | Ideal
e}t ¥ channel,
| +k b ] Prvgusdd
; ! ’
i {+1 if dk = ; }
k - -
| 1
T i i s s, S i il —



