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1. This is a compulsory question.

a. Noise.
i. What is white noise? [2]
il. Give the power spectral density of white noise, covering both positive and negative
frequencies. [2]
iti. Can white noise be physically realizable? Why? [2]
iv. Give the autocorrelation function for white noise. [3]
v. Based on the result in part iv, what can be said about any two different samples of
white noise? [2]

b. Shannon capacity.
Consider a communication channel where W, Sand N, /2 denote the channel

bandwidth, the received signal power and the power spectral density of white noise,

respectively.
1. What is the Shannon capacity for the channel? 2]
ii. Now assume that the transmission power is doubled, while other parameters
remain unchanged. What is the channel capacity? 2]
iil. Suppose that the channel bandwidth is now 2/ and that the received signal power
remains to be S. What is the new channel capacity? [3]

c. Frequency modulation.
Consider a frequency modulation (FM) transmission with additive white noise.
1. How does the power spectral density of the noise at the detector output depend on

frequency? [2]
ii. What are the pre-emphasis and de-emphasis for the FM system? Why and how can

they improve the output signal-to-noise ratio (SNR)? [5]
iil. Draw a block diagram to show an FM system using pre-emphasis and de-

emphasis. [3]

d. Digital communications.
Consider a digital communication system where an analogue signal with a bandwidth
of W Hz is sampled and converted into pulse-code-modulation (PCM) words. Each
PCM word has m bits. Let Vpp and L be the peak-to-peak voltage (dynamic range) of

the analog signal and the number of quantization levels, respectively. Further, we use
Aand e to denote the uniform interval (gap) between two adjacent quantization
levels and the quantization error, respectively. The system is designed such that the
maximum quantization error will not exceed a fraction, p, of the peak-to-peak voltage.

1. Express the number of quantization levels, L, in terms of m. [2]
ii. Express the maximum quantization error (i.e., the maximum value of e) in terms
of A. [2]
iit. Derive the number of bits per PCM word, m, in terms of p. [4]
iv. What is the minimum transmission rate such that the signal can be recovered at the
receiving end? Express your result in terms of p and W. [4]
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2. Noise effect on amplitude modulation (AM) with double-sideband suppressed carrier
(DSB-SC).

Consider a signal s(f) of the AM with DSB-SC using the following notation:

A is the amplitude of the carrier,
f. is the carrier frequency,

m(t) is the message (information) signal,

n(t) is the noise,

n,(t) is the in-phase component of the noise,

n,(¢) is the quadrature phase component of the noise, and

N ,is the power spectral density for the noise in the baseband transmission.
a. Provide an expression for the AM-DSB-SC signal s(#). [4]

b. Name a detection method suitable for recovering the message signal from s(z) . 2]

c. Draw a block diagram to depict the AM-DSB-SC transmission, the additive white
noise channel and the receiver structure using the detection method identified in part
b. (3]

d. Give an expression for the pre-detection signal as a function of the AM-DSB-SC
signal, n,(¢), and n () of the noise. [4]

e. Derive an expression for the detector output for the AM-DSB-SC? What can be said
from the expression about the relationship between the message signal and the noise?  [5]

f.  Let the signal power at the receiver output be denoted by P = E{m”(¢)} . Based on

the expression obtained in part e, derive the signal-to-noise ratio (SNR) at the receiver
output for the AM-DSB-SC. Explain your result. [4]

g. Using the result in part a, determine the transmission power of the AM-DSB-SC
signal. [2]

h.  Derive a relationship between the SNR of the receiver output for the AM-DSB-SC
and that for the baseband transmission with the same transmitted power. [4]

i.  Consider the figure of merit as the ratio of the SNR at the receiver output for a

modulation scheme to that of the baseband transmission. Using this figure of merit, is
the AM-DSB-SC transmission more efficient than the regular AM transmission? [2]
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3. Noise representation.

Consider a narrowband noise n(¢) of bandwidth 2/ centered on frequency f,. The

narrowband noise can be defined in terms of the in-phase and quadrature components, as
well as in terms of the envelope and phase.

a. Give an expression of n(¢) in terms of the in-phase component n_ (), the quadrature
component (), and f, . [4]

b. The narrowband noise can also be defined as n(f) = r(¢) cos[27f t + ©(¢)] where
r(t)and O(r) denotes the envelope and phase, respectively. Express r(¢f)and ©(t) in
terms of n,(t)andn (). [4]

c. Let N and N denote the random variables obtained by observing (at some fixed time)
the random processes represented by the sample functions 7, (¢)and n_(¢), respectively.
Note that N, and N are independent Gaussian random variables of zero mean and the
same variance o> . Obtain the joint probability density function (pdf) f; w, v, (% y) for
N, and N_. [6]

d. Let Rand © be the random variables obtained by observing (at some time t) the
random process represented by the envelope r(¢)and phase ®(¢) , respectively. Using

the facts thatx = rcos @, y = rsin 6 and dxdy = rdrd@, and the joint pdf for N, and

N, obtained in part c, derive the joint pdf f} o (7,6)for Rand® . [6]
e. Is the joint pdf of R and ® obtained in part d independent of the angle ® ? What is the

physical interpretation? [2]
f. Obtain the marginal pdf for the angle ® . [4]

g. Obtain the marginal pdf for the envelope R . What is the common name of the pdf? (4]
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4. a. Information theory.

A discrete source produces the symbols 4 and B with probabilities of % and Y4,
respectively. The symbols are grouped into blocks of two and encoded as follows:

Grouped symbols  Binary code

AA 1
AB 01
BA 001
BB 000
i. Compute the entropy of the new symbol blocks. [3]
il.  Obtain the average code length of the coding scheme. [2]
iii.  Is the coding scheme optimal? Why? [2]
iv.  Use the Huffman encoding procedure to generate the code words for the symbol
blocks. [4]

v.  Is the set of code words generated by the Huffman encoding algorithm in part iv
unique? (That is, is it possible for the Huffman encoding algorithm to generate a

different set of code words in part iv?) [2]
vi. Is the coding scheme obtained in part iv more efficient than the original one given
in the question? Why? [3]

b. Error control code.

i.  What is the simple parity bit? What is the error control capability for the simple

parity bit? 2]
il.  What is the Hamming distance between the following code words: 01110011 and
100010117 2]
iii.  What is the relationship between the number of correctable errors and the
minimum of Hamming distance between any two code words? Why? [4]

¢. Baseband communications.

Consider a binary source alphabet where a symbol 0 is represented by 0 volt and a
symbol 1 is represented by 1 volt. Assume these symbols are transmitted over a
baseband channel having uniformly distributed noise with a probability density
function:

1 for-1<x<1

0 otherwise.

p(x) = {

Assume that the single decision threshold 7'is in the range of 0 and 1 volt. If the
symbols 0 and 1 are sent with probabilities p, and1— p, respectively, derive an
expression for the probability of error. [6]
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