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Q1 DTFT and DFT (25p)

Y

1. Explain what is described by the term “discrete frequency”.
2. Find DTFT of the following discrete time signal:

where u[n] is the discrete unit step function. Use t; = lms.

3. Sketch the amplitude response for a = 0.8 using discrete frequency
on the x-axis.

4. Sketch the amplitude response for a = 0.8 using frequency on the
X-axis.

5. What would you needed to be able to calculate DFT of the same
signal? What would be the main difference between DFT and
DTET? Please explain.

Q2 System output and frequency response. (25p)

1. A LTI system is characterized by the impulse response function
given below. Calculate and plot the response of that system to a
unit step input x1(t) = £(¢) and to a delta impulse input z(t) =
a(t).

h(t) = e(t)e ™" — 2e ¥e(t)

Also here, £(t) is the unit step function.

2. Calculate frequency response of this system for w = 0 and w =
27s~!. Explain how you would calculate the frequency response
for any given frequency.

Q3 Stochastic Signals (25p)

1. What is an “ergodic random process”? What is a “stationary ran-
dom process’™?

2. Define auto-correlation function (ACF). Sketch ACF for two sig-
nals, for which few sample functions are shown below, assuming
that they are drawn on the same time scale.
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random process A random process B
x1(2) Y1)
t t
x,(2) y2(0)
t t

xi(1) . Yi(0) )
t t

Q4 Filters. (25p)

1.

For time-discrete systems, filters are often characterized as IIR or
FIR. Explain what is described by these terms.

For which of these filter types, can we use discrete convolution to
calculate output for an input signal similar to z[n] = {1,1,1,1,1,1}7
Do not calculate but explain.

A low pass filters is described by the difference equation given
below. Use zeros/poles diagram on an appropriate frequency plane
to illustrate that this system is indeed a low pas filter.

yln] = azln] + (1 = a)y[n - 1]

where « is a constants and 0 < o < 1
Is this a IIR or FIR filter? Please explain.
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Appendix B.1 Bilateral Laplace Transform Pairs

(1) X(s) = L{z(8)} ROC
a(t) 1 seC
£(t) é Ref{s} >0
i 3 i i Laplace
() 1 Refs} > Re{—a} Appendix B.2 Properties of the Bilateral Lapla
sta Transform
_emtte(—p) - Jlr - Re{s} < Re{—a}
2(t) X(s) = £{z(t)} | ROC
1
t=(t) = Re{s} >0 Lincarity ROC 2
AXi(s) + BXa(s) | ROC{X1}
]
me(t) = Re{s} >0 Az (t) + B (1) AROC{Xs}
1 Delay e TX (s) not affected
te="te(t) TR Re{s} > Re{-a} z(t - 7)
nl Modulation X(s—a) Re{a} shifted by
tremete(t) 7 ﬂ-)nﬂ Re{s} > Re{-a} eta(t) Re{a} to the right
. - wo ‘Multiplication by ¢’,
sin(wot)e(t) 52+ wd Re{s} >0 Differentiation in the d
. frequency domain —HYSX(S) not affected
s
cos(wot)e(t) g Re{s} >0 ta(t)
- N T
e~ cos(wot)e(t) ﬁ(s +Sa)2(1 = Re{s} > Re{—a} ]t)i:::rng:;fn in the ROC >
— o(t) sX(s) ROC{X}
~at sin(s —_— Re{— at
e~ sin(wot)e(t) GrarTa? Re{s} > Re{—a} Idt :
2 —wl ntegration 1 ROC D ROC{X
t e (t o Re(s} >0 t 1 2 {x}
cos(wot)e(t) (ErR)? e{s} / o(D)de sX(s) s : Re{s} > 0}
2wps Sad
tsin(wot)=(t) s Re{s} >0 .
(wot) (2 +wp)? Sealing 1, (f) Eggrsg?led by a
z(at) a] a .

Appendix B.3 Fourier Transform Pairs Appendix B.4 Properties of the Fourier Trans-

form
«(0) X(jw) = Fla®)} _
(t) X(jw) = Fla(t)}
a(t) 1
Linearity Az, (t) + Baa(t) AX;(jw) + BX3(jw)
1 2m6(w)
Delay z(t— ) eTITX (jw)
5(t) Jw
Modulation elwoty(t) X(j(w —wo))
L ( ! ) (“’T)
= — o ‘Multiplication by ¢ .
2
T T ul Differentiation in the ta(t) _aXGw)
. (t) 5 (u)) + ]% frequency domain d(jw)
o Differentiation in the da(t) X ()
I (hadll time domain dt
rect(at) \aLSl (2(1)
A (@ ‘ X(jw) [mﬁ'(w) + _iJ
si(at) fal rect (ga) Integration / z(z)dz 1 s
1 = = —X(jw)+7X(0)d(w)
N Jw
h —jmsign(w)
2 Scaling 2(at) ‘%‘X (%’) . aeR\{0}
sign(t) 7w
3 Convolution 1 (t) * z2(t) X1(jw) - Xa(jw)
edwot 276 (w — wo)
Multiplication 21 (t) - m2(t) %Xl (jw) * X2 (jw)
cos(wot) 7[5 (w +wo) + 8(w — wo)]
Duality Tl(t) 2(jw)
i ¢ 2y (—
cineot) 7150+ ) — 50 — wo)] @2(jt) 2 (—w)
z(—t) X(=jw)
oy 2 Symmetry relations z*(t) X*(—jw)
€ ,a>0 it z*(=t) X*(jw)
e VE Parseval theorem / leF e o [ IxGeyPas
p - o
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Appendix B.6 Properties of the z-Transform

Property [k] X(2) ROC
N . ROC 2
Linearity axy [k]+bxa[k] aX(z) 4+ bX2(2) ROC{;(l JAROC{X,}
ROC{z}; separate
Delay [k — K] 277X (2) consideration of
z=0and z = o
Modulation akalk] x(2 ROC= {z Z eROC(z}}
a a
T . ROC{z}; separate
Multiplicat; dX(z
b Yuk . kalk] —ZJ consideration of
Y dz =0
Time inversion z[~k] Xz ROC={z |2~ 'eROC{a}}
. ROC 2
Convolution 1 [k] * 22 [k] X1(2) - Xa(z) ROC{;I)mROC{TQ)
RTRI . 1 2\ 1, .| multiply the
Multiplication | a1[k]-a2lk] | 5 f X1(0)Xa( 4) R

limits of the ROC

Appendix B.5 Two-sided z-Transform Pairs

(k] X(2) = Z{a[k]} ROC

d[k] 1 zeC
<lk] . = - 2 >1
a*elk) = 2| > lal
—abe[—k - 1] P Z - 2 < |al
kelk] ﬁ lz] > 1

az
kaFelk] G—ar |z] > a]
; zsin
sin(Qok)z[k] m Jz| >1
2(z — cos
cos(Qok)elk] W lz| >1




