ELEC-A7200 Signals and Systems
Midterm exam/valikoe/mellanprov II, 8.12.2023

Problem/Tehtava/Problem 1
[ENG] Consider a sinusoidal signal x(t) = cos(2nf.t) sampled at a frequency f, = 10 kHz. N=128

samples are obtained denoted as x(mAt) where ; = 0,1,2 ..., N-1and At = fl Figure 1aillustrates
s

the power spectral density obtained by taking ffT of the samples directly. Figure 1b shows the

spectrum with N=256 samples when 128 zeros are padded in the end of the original sequence prior

to performing the FFT.

a) Determine the Nyquist frequency. (1p)
b) Determine the frequency of the sinusoid fc- (2p)
) Determine the frequency granularity with and without zero padding. (2p)
d) Explain why zero padding is used. (1p)

[FI] Tarkastellaan signaalia x(t) = cos(2mf.t), josta otetaan néytteitd taajuudella f; = 10 kHz.
: il
Nadytteita on N=128 ja merkitdan x(mAt), misss m = 0,1,2...,N-1 ja At = e Kuvassa 1a on

s

ndytteista lasketun FFT:n antama tehotiheysspektri. Kuvassa 1b on vastaava spektri N=256 naytteell3,
kun 128 nollaa lisdtdan naytejoukon loppuun ennen FFT:n ottamista.

a) Anna tilanteen Nyquistin taajuus. (1p)
b) Anna taajuus f. (2p)
c) Anna taajuusresoluutio ilman nollien lisdamista ja niiden lisaamisen jalkeen. (2p)
d) Selita miksi nollien lisdamista tarvitaan. (1p)

[SVE] Betdnk en sinussignal x(t) = cos(2mf.t) som samplas vid en frekvens f, = 10 kHz. N=128
prover erhélls och betecknas som x(mAt) darm = 0,1,2..., N-1 och At = fi Figur 1a illustrerar
S

effektspektraltatheten som erhalls genom att direkt utféra FFT pa proverna. Figur 1b visar spektrumet
med N=256 prover, nar 128 nollor laggs till i slutet av sekvensen innan FFT utfors.

a) Bestam Nyquist frekvensen. (1p)
b) Bestam signalens frekvens f.. (2p)
c) Bestam frekvensuppldsningen med och utan nollfylining. (2p)
d) Forklara varfor nollfylining anvands. (1p)
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Figure 1. a) N=128 point FFT of sinusoid and b) N=256 point FFT of sinusoid with zero padding. In
Figure 1a) the peaks correspond to n=8 and n=120. / Kuva 1. a) Signaalin N=128 naytteen FFT ja b)
N=256 ndytteen FFT nollien lisddmisen jilkeen. Kuvassa 1a piikit vastaavat ndytteita n=8 ja n=120. /
Figur 1. a) N=128 punkters FFT av sinusoid och b) N=256 punkters FFT av sinusoid med nollfyllning. |
figur 1a) motsvarar topparna n=8 och n=120.



Problem/Tehtava/Problem 2 mYy
[ENG] Consider a memoryless nonlinear SVSFe Ly(t L : ; ;
a) What frequencies does the output sig"2 YAY) contain if the input signal is
x(t) = cos(2000mt) + C05(4000nt).? 1 x(t) havi "
b) Consider a bandwidth limited input sig"? f e A el
X(f) = rect(f). Determine the Fourier-tsform Y (£) of output signal y(£).  (3p)

(t) = xz(t) )

. : = 42
[FI] Tarkastellaan muistitonta epélineaarista SYSt??T{ﬁ_y_(t) =x°(t) .
a) Miti taajuuksia ulostuleva signaali y(t) SI531ta3, jos sisginmenevs signaali

?
on x(t) = cos(2000mt) + cos(40007tt)- . (3p)
b) Tarkastellaan kaistarajoitettua signaalia X(.t), Jonka Fourier-muunnos on
X(f) = rect(f). Laske ulostulevan signaalin ¥(t) Fourier-muunnos Y(f). (3p)

[SVE] Lat oss betrakta ett minneslost icke-linjart y(6) = Xz(t) .
a) Vilka frekvenser innehaller utgangssignalen y(t) om ingangssignalen ir
x(t) = cos(20007t) + cos(4000mt)? (3p)
b) Lat oss betrakta en begrinsad bandbreddsinssignal x(t) med Fourier-transformen
X(f) = rect(f). Bestam Fourier-transformen Y (f) av utgangssignalen y(t). (3p)

Problem/Tehtava/Problem 3
[ENG] Consider a band limited white noise process z(t) having autocorrelation function
122(t) = E{z(t)z*(t + 1)} = NyBsinc(2B1).
a) Determine the power spectrum of the noise Sl (2p)
b) Determine the mean power of the noise. (2p)
¢) So called Brownian noise is obtained by passing the white noise z(t) through an
integrator circuit described by the LTI system %y(t) = z(t). Determine the
power spectrum S, (f) of the filtered noise y(t). Hint: Determine first the
frequency response of the LTI system. (2p)
[FI] Tarkastellaan kaistarajoitetun valkoisen kohinan prosessia z(t), jolla on autokorrelaatiofunktio
122(1) = E{z(t)z* (t + 1)} = NyBsinc(2B7).
a) Laske kohinan tehotiheysspektri S,,(f). (2p)

b) Laske kohinan keskiteho. (2p)
c) Ns. Brownin kohinaa saadaan johtamalla valkoinen kohina z(t) integrointipiirin

lapi, jota kuvaa LTI systeemi :—ty(t) = z(t). Mairittele suodatetun signaalin y(t)
tehotiheysspektri S, (f). Vihje: Laske ensin LTI systemin taajuusvaste. (2p)

[SVE] Lat oss betrakta en bandbegransad vitt brus-process z(t) med autokorrelationsfunktionen
1,2(1) = E{z()z"(t + 1)} = NyBsinc(2B7).
a) Bestam effektspektret for bruset S,,(f)- (2p)
b) Bestam medeleffekten av bruset. (2p)
c) Sa kallat Brownskt brus erhalls genom att ldta det vita bruset z(t) passera

d )
genom en integrator krets beskriven av det LTl-systemet ay(t) = z(t). Bestam
effektspektret S, (f) for det filtrerade bruset y(t). Tips: Bestam forst
frekvensresponsen for det LTI-systemet. (2p)
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E@ns of the fourier transform Functjon

Linearity

ax(t) + by(t)

Time delay or time shift

X(t -a)
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Transform;]

aX(f) 4 bY(f)

X(f)e sinta |

Scale change x(at) Ttlz_l X( .5)
Conjugation x*(¢) X'(-f)
Duality X(1) x(=f)
Frequency shift x(t)el2mat X(f-a) |
Litear modulation x(t) cos(2rat + b) ele(f—a)+2e‘l'hX(f+a)
Differentiation d';’:'(l‘ ) (j2rnf)"X(f)
Integration I'_ _x(u)du sz(’{ }
Convolution x(t) ® y(t) X(N)Y(Sf)
Multiplication x(2)y(z) X(f)®Y(f)
Multiplication by ¢" t"x(t) —;.21—" d';);s.f )
Fourier transforms Function Transform
E{ectangular pulse rect(t/a) a -sinc(af)
E‘riangular pulse tria(t/a) a - sinc?(af)
Gaussian pulse e 7(5)’ a-e "af)? ‘
One sided exponential pulse e~ %u(t) TT%77a |
Two sided exponential pulse e~ltl/a mi’anfa—)?
Sinc pulse sinc(at) Lrect(f/a)
Constant a a-o6(f)
Phasor el (2mat+b) el?5(f - a)
Cosine wave cos(2nat +b) e.ibé(f—a)w;e‘f”dtfﬂﬂ j
Delayed impulse 5(t - a) g-i2nfa

Step

u(r)
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L&
" o wo
7% — cos() + jsin(#)

sin(@) = 511__(,_,# _ei%)

l ) i
cos(¢) = §(e’¢ +e 1¢)

sin2¢ + cos’ ¢ =1
cos(¢) = sin(¢ — 7/2)
sin(¢) = cos(¢ + 71/2)
sinfa — f) +sin(@+§)

sin(a) cos(B) = >
sin(a)sin(B) = cos(a = B) ;cos(ar + B)
cos(a) cos(B) = cos(a - B) -gcos(ar +B)

0@y = [ - D=y 8 x(0)

oo X a [e's)
x(1) = > xpel¥for — ?O + >3 [ak cos(2rk fot) + By sin(2rk for)]
k=1

k=—co

_2

B TO Ty
a;, = 2-Re{xy}, when x(t) e R
Brx = -2 -Im{x;}, when x(z) e R

X(f) = T{x(z)} =~ r, x(t)e /S gy

-0

X x(2)e~I2mk ot g

xfr) = {X(f)} = r X(f)e’* I df

N-1
X, = ane—jQIrkn/N
n=0
LS omkmin
= n
Xk N Z X, el <"
n=0
1
fO = = é
N - T, N

s=o+ ju=0c+j2rf
X(s) = .C{x(t)} - Jm x(1) - €dy
0
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