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Q1. (35p) Consider a simple circuit shown below, for which R = 10, C =
0.0235 and L = 10 in the appropriate s.i. units.

ﬁ L
| LI

vi () []= v (#)

A. Write a differential equation which relates the output v,(t) with
the input v;(t) for this system. (5p)

B. Give a definitions of an impulse response function, a transfer func-
tion and a frequency response function. (5p)

C. Calculate the impulse response function for the system given above.
It is sufficient to express h(t) as a sum of complex exponential
functions. Explain how you would used this function to calculate
the output signal y(t) for a given input signal x(¢). (10p)

D. Calculate the transfer function and the frequency response func-
tion of this system. For the frequency response function, you do
not need to arrive at a elegant expressions. (5p)

E. Draw a zero/poles diagram. (5p)
F. What kind of circuit is this? (5p)

Q2. (10p) Find the z-transform of the following signal:

zln] ={0,1,2,3,4,3,2,1,0}
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Q3. (20p) Consider a discrete-time system described by a block diagram
shown below.

z[n)
> | 1 I 1

ts

A. Use this block diagram to calculate a discrete-time impulse re-
sponse function for this system. Calculate for n < 6. (10p)

B. Use a method of choice to determine output signal y[n] for n < 8
and the input signal given below. (10p)

z[n] = {1,0,1,0} and 0 otherwise.
Q4. (10p) Determine the convolution
y(t) = e e(t) x e(t)
using direct method (definition) and using Fourier transform method.
Q5. (25p)
A. Use definition of of a unilateral z-transform (Z) to determine
Z {u[n]e’} =
and then use this to calculate Z {u[n]cos(bn)} (10p)

B. Zeros/poles diagram on the z-plane for a transfer function H(z)
of a LTT discrete-time system is given below. Use this diagram to
find the difference equation which describes this system. (15p)

z-plane

a
N
R 4
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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 2[k] X(2) ROC
N . ROC D
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 — o0
Modulation akalk] x(2 ROC= {z Z eROC(z}}
a a
Multiplication " dX (z) ROC{z};  separate
by k kalk] g consideration  of
Y & =0
Time inversion z[~k] X(z7h) ROC={z |2~ 'eROC{a}}
. ROC 2
Convolution 1 [k] * 22 [k] X1(z) - Xa(2) ROC{;I)mROC{TQ)
s . 1 2\ 1, .| multiply the
Multiplication | 1[4] -2k | 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




