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Answer any FIVE questions

1.
(a) A sinusoidal signal x(f) = sin{@,?)is converted into a discrete sequence x[»] by

sampling. The frequency of the sampling signal is £, .
(1) Write an expression for x[#].

(11) What is the digital frequency of x[n]?

(iii) If x(#) = sin(50#) + 2 sin(100¢) write an expression for x[#]if the lowest
possible value for fis used.

(b) (i) What is a linear time invariant (LTI) system?

(i1) Find whether the system defined by the input- output relation
Y] =2x[r]+x[n—1] is a LTI system.

(c) The input — output relationship of a discrete system is given by
y[n}=2x[n]+x[n-1].

(i) Is the system BIBO stable?
(it) Is the system causal?

Justify your answers.

2.

(2) Define the z-transform of a discrete sequence x[#]. What is region of convergence
(ROC)?

(b) If the z-transform of x[n] is X(z), write an expression for the z-transform of y[n] in
terms X(z) for the following:

(©) yln]=xln-n} () y[n] = a"x[n] (i) y[n] = x[-n] (iv) y[n]=nx(n)

(c) Find z-transform of u[»] from first prineiples.



(d) Find the z-transform of the following sequences:

(@) y[n)=d"u[n)., jz| >a
(i) ¥[r]=0,0,0,0,-1.2,-2.2% -3.2°, 4.2 .52° ...
(i) y[n]=0,0,0,0,-1,-4, -12, -32,-90, ....

(e) Find the inverse z-transform of X(z) = fz]|>2

.z
z-Dz-2)°
3. '

. (8) Define Discrete Time Fourier Transform (DTFT) for the sequence x[»].

(b) (i) Ifthe DTFT of a signal x[»] is known explain how to find x[x].
(ii) Show that DTFT of ¢’ is 2z8(w— @,)

[Hint: You may use the inverse transform)]

(© x[n]=u[n]—uln—M]
(i) Plotx[n].
(i) Find X(w)=DTFT (x[#]) and specify the range of w.
(iii) Plot |X{w)| and important values on your diagram.

(d) The output signal of a digital to analog converter is given by

y(t) = Z g(t —nT Yy{n] where y{n] is the digital signal and g(¥) is the interpolating

e

function. The Fourier Transforms of y(t) and g(#) are Y(F) and G(F) respectively.
If the DTFT of y(f) is ¥(w) show that ¥(F) = G(F).¥{(w), where w = 2rF/F, = 2nFT,

and ¥{w) is the DTFT of y[n].
4.
(a) Aln]= (u[nt+6]-u[n-7T])cosnc

(i) Express /i[n] in the form ZC[n] 6[n —k] and find the value of C#]. Plot x{#]

if ¢ = w/6.

(i) A[n]is the impulse response of a discrete system. If the input and the output of the
system are x[n] and y[n]respectively, find the difference equation of the system.

(iif) Find the step response of the system given in (ii).

(b) The difference equation below represents the input-output relationship of a system.

Y] - %y[n—mé y1r-2] = xlr]

(i) Isthe system causal?
(ii) Find the system function H(z).
(iii) Find the impulse response A[#].
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(a) The impulse response of a FIR filter is h[n].

(i) If the system is causal, write the difference equation to represent the input /
output relationship.

(ii) What is the length of the filter?
(iii) Implement the filter in a block diagram.

(b) The state-space realization of an IIR filter is given by

s[n+1] = As[n] + Bx[n]
y[n] = Cs[n] + Dx[n]

Show that the transfer function H{z) of the system is given by

H(Ez)=C@El-4Y' B+ D

(c) Write state- space equations for the system shown below:

x[n]
2,02) . Y]
A A 4
z! z7! Fig.5
| 5 ./ 0L |
r\:i-/‘

Explain the method of determining the poles of the system using the above state space
equations. (Write the necessary equation(s) only)

6.

2

(a) Parseval’s theorem says that Z| x[n] |2 =L _[l X(w)| dw.
- 27

x[n] ——»

Hn] — {1

Fig.6
Show that for the system given in Fig.6, Y | y[n]|> < H? () D | 2[n]|?

{b) Discrete Fourier Transform (DFT) of a sequence x[#] can be written as
N-1

XN[kj => x[n] wy ™ k=0, ....,N-1, where wy = e3>V

n=0
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Show that

G) X,k = XIKYG + wy XTI, k=0, ..oN-]

(i) Xy[k+ 4] = XTIy - wh XI5 k=0, .. N-]

X ,‘;” - summation of even values of n of the above summation
2

X% - summation of odd values of n of the above summation
2

7.
(a) The signal x[#] is sampled using the sampling sequence &,[n]. The resulting signal is
v[n].
v[n]= &,{n} x[n] if #/D isan integer
=0 otherwise

D-l _2rkn
(i) Show that &[] =BZ e P satisfies the requirement for §,[n].
k=0 :

(ii) Derive an expression for F(z) in terms of X(z) .

{(b) It is necessary to design a digital iowpass filter with the desired impulse
response A, [7].
Explain how you would design a FIR filter using a window function w[n].
‘What are the parameters that decide the length of the filter?

8. .
(2) Give a block diagram of Kalmanr filter and briefly explain the principle of operation.

{(b) Briefly explain the following:

(i) Determination of maxima and minima for a FIR filter, in equiripple
approximation method.

(ii) Prediction based sampling method.

(iii) Multistage implementation of digital filters



