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INSTRUCTIONS: Answer ALL Questions.
Answer all parts of a questiol~;\n the SAME place.
Make proper assumptions if necessary with clear justifications.
AILsymbols-and variables have their usual meaning.

1. [:!>i';!{BJ"!:,.ll]Express the Z-transform of y[n] = 2.:~=ox[3k + 1], in terms of X(z). Comment on the poles &
zeros, causality & stability of the Transfer function. [10]

2. Givenfix) = exp (x) in the real domain [0, I]. Find a polynomial of degree one which
a. is the best least squares fit to j(x). Find the II, 12 and linflnlty of the approximation error.
b. is a mini max fit ·tofix), Find the II, 12 and linliltity of the approx. error. [HINT: A lternation Theorem]

[20]

3. We want to find the presence of amount of interference due to a.c. electrical power lines present in the desired
message signal (100 Hz to I KHz) sampled at the Nyquist rate. To aid this we are to design a filter which
would give us the amount of signal content present in the frequency fo after passing 1000 samples of the
signal. Provide the complete derivation of the filter transfer function and the schematic of the signal flow
diagram of the filter. Note that the system should be capable of operating both in India ([0 = 50 Hz) and US
(fa = 60 Hz). [HINT: Takeaway from Laboratory experiment] [IS]

4. [IXftli;M.E:l>I.:Flit] In a practical Digital-to-Analog converter a Zero-Order Hold (ZOH) reconstructs a
continuous time wave-form x(t) from the sample sequence x[n] by holding the value over the time duration
T(Here Tis the sampling time interval) until the next change of value x[n+I].

a. Write x(t) in terms of x[n]. Sketch and specify the reconstruction kernel.
b. Find the Transfer Function (in Laplace Domain) of the operation and compare it with the ideal

reconstruction. Sketch and compare their frequency responses.
c. What is the maximum roll-off of the gain at the highest frequency compared to the ideal

reconstruction (Assume that the original analog signal was band-limited before sampling in order
to avoid aliasing). How can the degradation be taken care of?

d. Ifx[n] be passed through a digital filter H(Z·I) before reconstruction, then find the equivalent transfer
function of the complete operation.

We now want to design a practical first-order hold (FOH) such that the current sample and immediate
previous samples are used to linearly extrapolate up to the next sampling instance. In this context

e. Write x(t) in terms of x[n]. Sketch and specify the reconstruction kernel.
f. Find the Transfer Function (in Laplace Domain) of the operation and compare with (b)._,,-,
g. How do we reaiize the FOH using ZOH [HINT: Use result in (d) and think of appropriatejillering].

[35]

5. [1l"l>\I'jDfGF;l>]We want to design a single (uniform) sampler for a cognitive radio and.convejr.atl the RF
signals (shown below as case I-IV with their corresponding frequency range) appearing at the input port of
the radio receiver, down to IF (i.e, near to DC). i '

CASE-I
CASE II
CASE III
CASE IV

CDMA-IS95
GSM-900
WCDMA
802.II-b

824.0 MHz - 825.25 MHz
895.0 MHz - 895.20 MHz
1920.0 MHz-I925.0 MHz
2402.0 MHz - 2422.0 MHz

Find the minimum sampling rate and its corresponding range which avoids aliasing. Also mention the
corresponding-IF frequencies for each of the above cases. Provide the necessary sketches and derivations to
support your claim. [40]


