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i. When the input z(n) of a discrete-time linear-time invariant {LTT) system H{z) is

z{n} = {1/21"u(n) + 2"u{-n ~ 1)

where u(n) is & unit-step sequence, the ottput is given by
v(n) = 6(1/2)"u(n) - 6(3/4)"u(n)

() Find the impulse response A{n) of the system for all values of n. {5%)

(b} Determine the steady state response y{n) for large n, when the input is given by

z{rn] =[1 + cos(rn + 0.2x Juin). (5%)
(¢} Fiud the impulse response of the stable inverse system of H{z). (5%%)

(You need to write down all the derivations in detail]
2. Assume that z(n) is a discrate-time signal and X{e™) i3 its Fouriar transform.

ta) Wrile the expressions of the relationship between x{n) and X (&'}, Prove coe of

Whem. What are the physical meanings of these sxpressions? Is X (™) 4 contin-
ucus periodic function of (17 {5%)

{b} Find the inverse Fourier transform, denoted zin), of Re{X {1} (real pact of
X{*). Does 7'{n) have any symmetry properties? If yes, what aze they 7 (5%)

(c] Assume that X(k) = X (&) for £ = 2xk/N and
Bn) = o S (ke
N o=
(inverse DFT of X{k)}, What is the relaticnship between £(n) and #(n)7 (5%)

{ You need to write down all the derivations in detail)

3. The magnitude squared of the frequency response of an Ntl-order continuous-time
lowpass Butterworth filter [causal stable} is given by

Byl = o

{a] What is the transfer function B, (517 (5%)

(b) What is the steady state respomnse y(t} for large £, when the input of B;(s) is given
by

2(1) = ain(w.t)u(t)
where u(t} is & unit-siep function? (5%)

(You need to write down all the derivations in detail)
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4. Consider a discrete-time LTT system with itpilse response b(n) = a™u{n), where 0 < a < 05,

(2) Compute and plot the nnit-step response s(n) of the system. (6%)
(b) Compute and plot the output y(#) of the system when the input is x(») =s(n+2)-
(= 3+ u(n— 8 (6%

3. Consider an invertible continnous-time LTI system with impulse response A(#) and frequency
response H{jw}, where the corresponding inverse system has impulse response A (¢) and
frequency respanse &, ( jo).

(2) Write down the retationship berween Af/) and A (f). Also, express H,(ji) in terms af
Hijo}. (3%)

(o) IE () =8(2)y — e™™u(r), find A (£). (4%)

(e} Let echoes ocour every T seconds apart in 2 satellite communication system, 2nd assume

that the comesponding transmission chamet can be modeled by a comtinuous-time LTI
system with impulse response

h(t) = é} F8(1 — kT)

whete ¢ 15 a constant with |c|<1, Find the frequency response of A(¢). Also, determine the
impllse response and frequency response of the ideal echo canceller for the satellite
communication systen. (6%)

6. A sampling process can be modeled as the multiplication of the input signal x{¢) by a uniform
tmpulse train
ple) = kE nif=&T)

where I i3 the sampling peried. Let X{jo) be the mput spectrum.

(a) Show rhat the comesponding output spectrum is

]_ w5
V) =7, E XLw—ko )

withw, = 2=/ T, (8%)

(b) £ X{jw) is bandlimited with |o'<e,, find the condition for the sampled signal to be
gliasing-free. (3%)

(¢} What is the physical interpretation of this sampling theerem on a pure sinusoidal signal?
(2%)

(d)} Show how to recover x{¢) from the sampled signal. (2%}
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7. (Single-Sidebend Amplitude-Modulated Discrete- Time Stgnals)
A diserete-time message sequence m (k) has a jow- pass spectium

lefﬂjﬂ}___ Z m(k]e""“"

ey

This sequence is amplitude-modnlated to form = (k) = m(k)cos k.
(a) Please express the spectram of 2 (k), X(e!™), in terms of M (7). (2%)
(b) An ideal Hilbert transformer is defined as

.HM_J'—j, By
H[EJJ-aL -7 L0 <d

Please fiad the cocresponding impulse response f(n). (5%)

(2 [s A(n) realizable and stable? If ves, prove it. If no, state the reason and state
she way to approximately implerent it. (3%)

(d} Let p{k) = m &)+ jrn(k), where (&) is the Hilbert transform of m (%]
Please find its Fourier transform ¥ (¢7) in tecms of A (79} and (es ™), {2%)
(e} From (d), find ¥ (&%) in terms of M (&%), (2%)

({} An upper-sideband amplitude-modnlated signal is

Zr (k] = mik)cos .k — rafk)sin .k

Please find the spectrum Xy (&%) of oy (k). {6%)




