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Q1.

Q2.

Q3.

Q4.

(30p) System Si{ } is described by a transfer function Hi(s) given
below.

1
s2+3s+2

H(s) =

A. Calculate unit step response for this system

B. Design a discrete-time system which is equivalent to the system
S1{ } studied above. Find discrete time transfer function H(z)
and again calculate output if a discrete time unit step function
u[n] is given as an input. If necessary use t; = 1s and calculate
only the few first terms of the output signal (0 < n < 3).

Hint: to save time, use a difference equation for the system and
calculate the unit step response in the time domain.

(10p) Consider a discrete-time LTI system with a impulse response
hln] given by:

where u[n] is the unit step function.

A. Is this system causal?

B. For what range of a-values is this system BIBO stable?

(10p) Find the discrete-time Fourier transform (DTFT) of the rectan-
gular pulse sequence given by

x[n] = u[n] —un — N

where u[n] is the unit step function. This discrete-time signal is sampled
with a sampling frequency w,, write the expression for the transform
both in the discrete frequency domain and in the frequency domain.

Note: it is enough to write the aswer as a fraction of two complex
functions and you do not need to arrive at an elegant expression.

(10p) Find the inverse z-transform of

X(z) =22 (1 - %z‘1> (1-2"1+2"" 0<|z] <0
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Q5.

Q6.

Q7.

(10p) Find the z-transform of the following signal

(20p) If the Fourier transform of a signal z(t) is given by X (w), find
an expression for the Fourier transform X (w) of signal x4(t) defined
as:

x5(t) = Or(t)x(t)
where
or(t) = ot — kt,)
k=—oc0
Explain how obtained expression relates to Nyquist sampling rate con-

dition.

HINT: expression for the Fourier transform of a periodic function might
be useful here:

F,(w) = Z wo F'(nwp)d(w — nwy)

n=—oo

(10p) What is defined by a power density spectrum of a random signal
and how can it be calculated? Sketch power density spectrum of white
noise and band-limited white noise signals.
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Appendix B.1 Bilateral Laplace Transform Pairs

2(t) X(s) = L{a(t)} ROC
a(t) 1 seC
2(t) é Ref{s} >0
i 3 i i Laplace
eate(t) 1 Re{s} > Re{—a} Appendix B.2 Properties of the Bilateral Lapla
sta Transform
_emtte(—p) ! Re{s} < Re{—a}
sta
z(t) X(s) = £{()} | ROC
1
t=(t) = Re{s} >0 ” 0 ROC 2
- A‘g’v‘e(*’t’)‘i Boatt) AXy(s) + BXa(s) | ROC{X:}
e (t) ey Re{s} >0 B 2 NROC{X,}
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
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. - wo ‘Multiplication by t’,
sin(wot)e(t) P tw? Refs} >0 Differentiation in the d affected
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cos(wot)e(t) 52#5»7;4/8 Re{s} >0 ta(t)
" - T
e~ cos(wot)=(t) Gra Re{s} > Re{-a} Differentiation in the . ROC >
i ol sX(9) ROC{X}
—at g (0 W — dt
e~ sin(wot)e(t) GTorT Re{s} > Re{—a} ;12 :
2 —wl ntegration 1 ROC D ROC{X
t 1)e(t = Re{s} >0 t 1 2 {X}
cos(wt)z(t) E s els} / a()de K@ 0{s : Refs} > 0}
tsin(wot)=(t) _Zeos Re{s} >0 ROC scaled by a
(52 + wi) Scaling iX (E) factor of Y
z(at) |a] a o

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

form
z(t X (jw) = F{z(t)}
4 =) X(0) = Fla)
a(t) 1
Linearity Azy(t) + Bao(t) AX(jw) + BX2(jw)
1 2m6(w)
Delay z(t— ) eTITX (jw)
5(t) Jw
Modulation elwoty(t) X(j(w —wo))
L) Z)
= — o ‘Multiplication by ¢ .
2
T T al 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
= oo = L X(jw) + 71X (0)6(w)
- Jw
h —jmsign(w)
2 Scaling 2(at) ‘%‘X (%’) . aeR\{0}
sign(t) Jo
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)
- b 2y (—
cineot) 7150+ ) — 50 — wo)] @2(jt) 7z (—w)
z(—t) X(=jw)
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—a . N
e ,a>0 ot 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




