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1. (20%)

(a) (4%) The passband signal expression for DSB-C modulation with amplitude sensitivity k, and
informational signal m(r) is s(z) = A [1+k, m(t)lcos(27f,t) . Write down the passband signal expression
for frequency modulation with frequency sensitivity k; and the same informational signal.

(b) (8%) Prove that the FM passband signal in (a) can be approximated by

A cos2f,1) ~ A 27k sin(2af.1) [ m(r)dz i 2k, [mm)dr<<1.

(c) (8%) What will the output be, if A cos(2nf t)—~ Aa(t)sin(27f.t) is passed through a product modulator
with multiplicand —2sin(277,1), followed by an ideal lowpass filter as shown below?

Product o) Low-pass
SO =31 modulator [ fiter | Vol
T -2sin(2wf.t)
2. (15%) A PAM transmission system is shown below:
m(t) m(t) m(t)

Impulse

—®» a(®) [ Sampling P g(t) ——> h(t) —» r(t) —>»

a(t):. anti-aliasing filter

g(0): pulse shaping filter

h(z): channel [H(f): frequency response]
r(t): reconstruction filter

1, 0<5t<T 1, 0<t<T/2 I, 1fIK08/T
m(t) = gt)= » H(f)= .
0, ,otherwise

(a) (5%) Determine the lowest sampling frequency f; and the frequency response of a(#) such that we can
have minimum distortion in the reconstructed signal #i(t).

(b) (5%) With the result in (a), plot the magnitude spectrum of the PAM signal [i.e., 7i(?)].

(c) (5%) With the result in (a), determine the magnitude spectrum of the r(f) such that the filter can
reconstruct m(¢) with minimum distortion.

0, otherwise 0, ,otherwise
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3. (15%) Consider baseband binary digital transmission over an AWGN (additive white Gaussian noise)
channel with symbol period equal to T. The symbol values are +1. One symbol is transmitted starting at
each time kT where k is an integer. Let the impulse response of the transmitter filter corresponding to the
symbol value +1 be given by

1, 0<t<T/3,
p()=) -05T/3<t<T,
0, otherwise.

(a) (9%) Assume that the transmitter employs antipodal signaling. Skefch the block diagram of a
matched-filter receiver. AND specify the following things for the receiver:

i. The impulse response of the matched filter. The filter should be causal.

ii. The sampling time of the sampling circuit for the symbol transmitted in the time interval
(KT, (k+1)T].

iii. How the decision circuit should make its decisions.

(b) (6%) Assume that the transmitter employs orthogonal signaling with equal symbol energy for both

symbol values. Obtain a suitable impulse response waveform for the transmitter filter corresponding
to the symbol value -1.

4. (15%) Assume a sequence of M-ary signals (M = 8) and are to be transmitted over an AWGN channel in
the form of

r(t) = A, cos2af t) + A, sin(2zf.t) + n(t) 0<5t<T,

with the baud rate being R = 1/T symbols per second. The power-spectral density of n(t) is assumed to be
No/2 W/Hz. Here, we consider two different signal-point constellations as shown below. The signal
points are assumed to be equally probable.
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(a) (5%) Find the ratio E such that the average transmitter powers for these two constellations become

equal.

(b) (8%) For each constellation, estimate the average probability of symbol error at the receiver.
(¢) (2%) For each constellation, estimate the null-to-null bandwidth requirement.
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5. (20%) A bit error probability of Pg=107 is required for a system with a data rate of 100kbps to be
transmitted over an AWGN channel using coherently detected MPSK modulation. The system bandwidth
is 50kHz. Assume that the system frequency transfer function is a raised cosine with a roll-off
characteristic of r=1 and that a Gray code is used for the symbol to bit assignment.

(a) (5%) Whatis M ?

(b) (5%) What is the bandwidth efficiency in bits per second per hertz for this modulation ?

(¢) (5%) What E¢/Ny is required for the specified Pg=1039

(d) (5%) What Ex/Nj is required?

6. (15%) A random binary digital source generates symbol “1” with probability 3/4 and symbol “0” with
probability 1/4. The generated binary digital signal is transmitted through a band-limited additive white
Gaussian channel with equal error probability 1/16.
(a) (5%) What is the average source information generated and the average transmitted information?
(b) (5%) In order to increase the efficiency of the source every 2 symbols from the binary source is
encoded using Huffman encoding. Find out the resulting code words.
(¢) (5%) Find the minimum E, /N, (the ratio of energy per bit to noise spectral density) for an

transmission information rate of 400 Mbs/s in the ideal Gaussian channel with bandwidth of 100
MHz.




