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1. [15 %] Consider a sinusoidal signal with random phase, defined by
x(1)= Acos2n f.1 + ¢)
where 4 and f are constant and ¢ is a random variable that is uniformly

.o . . /2 -nw<0<nmw
distributed over the interval[-z,z], that 1s, £,(0)= . Please calculate
’ 0 elsewhere

the autocorrelation function of x(r) .

2. [10 %) Please determine the following statement whether it is true or false: For

any real-valued random process x(r), we can express the autocorrelation function

as R (r)=R(t+1,0)= E{x(r+1)x()} .

10 %1 An amplitude-modulated (AM) wave is described as a function of time:
P
s(ty= A1+ k m(t)]cos2m f.1),

where 4 is the carrier amplitude, &, is a constant, and f, is the carrier frequency.

(V%)

m(r) is the baseband signal that carries the specification of the message whose
Fourier transform is M(f). Please find the mathematical expression of the Fourier

transform of the AM wave s(¢) .

4. [10 %] A narrowband signal has a bandwidth of 10 kHz centered on a carrier
frequency of 100 kHz. It is proposed to represent this signal in discrete-time form
by sampling its phase and quadrature component individually. What is the

minimum sampling rate that can be used for this representation?

5. [10 %] An M-ary communication system transmits at a rate of 1000 symbols per

second. What is the equivalent bit rate in bits per second for M= 8?

6. [10 %] We consider binary synchronous data transmission with arbitrary signal
shapes. We let a logic 1 be represented by s, (1) and a logic 0 bys,(1). 5,1 and
s,(t) have finite energy in a T-second interval. Please draw a receiver structure for

detecting s5,() and s,(r) in additive white Gaussian noise.
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7. [10 %] A signal with a waveform shown in the following figure is fed into the
system with the impulse response:
h(t)=26(1)-26(1-1).

Please sketch the output waveform of the system output.
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8. [10 %] A PCM system uses a uniform quantizer followed by a 5-bit binary
encoder. The bit rate of the system is equal to50x10°6/s. What is the maximum

message bandwidth for which the system operates satisfactory?

9. [15 %] The bit error rate for coherent binary PSK (BPSK) is
ﬂ:%erfc(\/—fr—T):Q(JzEb/lo). E, is the signal energy per bit; N, is the noise

o0

. 2 - . .
spectral density, erfc(x) :T je dt is the complementary error function,
T

X

and Q(x):\/%Z

Let E be the signal energy for the QPSK modulation.

(a) What is the average probability of bit error in each channel (in-phase and

jexp(—u:Z /2)0u . We consider coherent QPSK modulation.

quadrature)?
(b) What is the average probability of symbol error for coherent QPSK?

(c) With the Gray coding used for the incoming symbols, what is the bit error rate of

QPSK?
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