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1. Let m(r) and m,(f) be two different real-valued message signals with
bandwidth W Hz. Which of the following statements is false ?

(a) Thesignal A4 m (f)cos(2rff) has bandwidth 21 .

(b) The Hilbert transform of A m,(f)cos(2ft) has bandwidth 2 .

(c) Thesignal Am(t)cos(2af,t)+ A m,(t)sin(27ft) has bandwidth 20 .

(d) The signal Am(¢)cos(2mf 1)+ A, (£)sin(2zf) has bandwidth 20 ,
where 1, (¢) denotes the Hilbert transform of m,(t).

(e) Thesignal A4 m/(f)sin(2zft) has bandwidth 2
2. Let x(f) and y(f)be two aperiodic complex-valued energy-type signals with
Fourier transform X (/) and Y(f), respectively. Let ()" denote the complex

conjugate operation. Which of the following statements is false ?

(a) The Parseval’s property states that }x(t) Y (t)dt z}' X(NOY (Ndf .
(b) The Fourier transform of }x(r)y(t -T)dr is X()Y ().

(¢) The Fourier transform of x(¢)+x'(f) is a real-valued function of £,

(d) The Fourier transform of X(¢) is x(-f).
(¢) The Fourier transform of x(¢) + x(—t) is an even function of f.

3. Two Gaussian random variables X and ¥ have a joint probability density
function

1 x* =2pxy + y*
J(%y) = ———F—=exp| -
27n0° \J1- p? 207 (1 —pz)

where 0° >0 and p are two parameters. Which of the following statements
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is false ?

(a) The mean of random variable X is0.

(b) The variance of random variable X is o”.

(¢) The marginal probability density function of random variable Y is

1 2 _2p0y+p0°
Fiih= ﬂoexp[uz_z_%‘;_i],

(d) The correlation of two random variables E {XY } is equal to po”.

(¢) The random variables X and Y are correlated.
4. Let X, be anindependent identically Gaussian distributed random process

(sequence) with mean # and variance o . Which of the following statements
is false 7

(a) Itis strictly sense stationary.

(b) Tt is wide-sense stationary.

(c) Theprocess Z, =X, —X,  iswhite.

(d) Ata particular time instant #, random variable X, has density function

1 (x-u)
J(x)= Ti—;;exp [——2—(‘;‘2‘*}

(¢) The power spectral density function of X is flat.

5. Let {g(r), 4,(t), (1)} be aset of orthonormal signals over the interval [0,T.].

Suppose we want to design a system {0 transmit a binary information over an
additive white Gaussian noise channel. If the logic 0 is represented by

1 1 1
x)=—r4O) -0+
NN AN

candidate for logic 1 ?

¢,(t), which of the following signals is the best

1 1 1
() —f\/—gﬂ(fhv—;%(f)—jg—@(t)-

®) \—ém—-jg@(rw%mﬂ

© —f;;¢1(r)~7}5¢2(r>—~j§¢3(r)



B E K2 103 £ = 78 L 3 8 4 # KX KX A4
EHMIRLZA R AE A | |

RATR AWML A-EBNALA #B @R E
BT RZA-ERENT A

%1% | 238 £47

1 1 1
) Eﬂ(fﬂ"ﬁ%@)—ﬁ@@

© %mr)-—}gm)—-%@(r)

6. Consider a set of binary codewords ¢, =[1,1,11], ¢, =[1,-1,1,~1]
¢, =[L,-1-L-1], ¢, =[1,-1,-1,1], and ¢, =[1,1,-1,~1]. Assume that the

received signal isr = ¢, + W, where a =0.5 is the known channel gain and

w is the additive white Gaussian noise whose entries are of zero mean and
variance o”. Suppose that r=[0.2,0.3,-0.1,-0.2] is received, the maximum
likelihood detector determines the received codeword to be

GO
(b) ¢
) ¢
d ¢,

(e) ¢
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1. (10 77) A real-valued random process Y(f)= X(f)+ X(t-T), where X(¢) isa

wide-sense stationary process with power spectral density S, (f). Express the

power spectral density of Y(¢) in terms of S, (f).
2. (10 3) Suppose signal x(t)is periodic with period 7.Then x(f)can be

represented by its Fourier series representation x(f) = 2 X, e/”™'" . Let the

k=—00

Fourier series representation of y(¢) = x(¢) = Z Ye/*™"  where x(r) isthe

f=—o0

Hilbert transform of x(¢). Express the Fourier series coefficients ¥, in terms of
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the coefficients X, .
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3. (1043) Let x(r)= 2 p(t —nT)be a periodic signal with period 7 and

k=-00

T

, ~—<f<=—
p(t) = 4
0, otherwise.

a). Determine the continuous-time Fourier transform X (/) of x(z).

b). Plot X(f) versus frequency f

4. (10 43) Consider the case of binary PAM signals over the AWGN channel in

which the two possible signal points are s, = —s, = /E, , where E, isthe

energy per bit . The prior probabilities are P(s,)=p and P(s,)=1-p. The

receive signal (one dimension) can be written as7 = x,/ E, +w,where w isthe

AWGN distributed according to % (0,07).

a). Determine the metrics for the maximum likelihood (ML) detector when the

transmitted signal is corrupted by AWGN,

b). Derive the probability of error for detecting binary PAM signals by the ML

detector.
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1. (15 43) Frequency Division Multiplexing

2. (15 47) Quadrature Amplitude Modulated (QAM) Signals



