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Question 1 [1 point]. Convolution: Graphical method

Consider the following signals x;(t) and x2(t).

a) Compute the convolution y(t) = x1(t) * z2(t) only at integer instant times, i.e t ={...,—1,0,1,...}.

Question 2 [2 points]. Fourier Transform (FT)

Consider the FT e/2™fot — §(f — fo) and II (&) — Tsinc(Tf), and the signals x1(t) = cos(27 fot), with
fo =1kHz, and z2(t) = II (%), with T = 5ms.

a) Draw as accurate as possible y; (t) = x1(t) X xa(t).

b) Draw as accurate as possible Yi(f).



c) Draw as accurate as possible the FT Ya(f) of ya(t) = z1(¢) * x2(t).

d) Draw as accurate as possible ya(t).

Question 3 [3 points]. Signal to Noise Ratio (SNR) and Equivalent Noise Bandwidth (By)

Consider a signal s(t) with the power spectral density G(f) = 107°1II (2%9) W /Hz with white noise with the
power spectral density G, (f) = 1071°W /Hz.

a) Choose an ideal filter that preserves the signal and maximizes the SN R;geq at its output.

b) Compute SN R;jeq in dB at the output of this ideal filter.

The equivalent noise bandwidth of an n-order Butterworth filter is By1(n) = B W(L)HZ’ where B is the
2n
—3dB bandwidth in Hz.

a) Which order n must be chosen so that the SINR; at the output of this filter worsens by less than 1dB,
compared with SN R;gea?"

"When dealing with the signal, consider that in the —3 dB bandwidth the filter is flat.



Consider now a different filter with |Ha(f)|? = 3 for | f| < B, |Ha(f)|* = 3—% (|f| — Bz) for By < |f| < 9B,
and |Ha(f)> = 0 for |f] > 9Bs.

a) Draw |Hy(f)|>.

b) Compute the equivalent noise bandwidth Bpy.

c¢) Choose the value of By that maximizes SN Ry at the output of the filter Ha(f). Compute SN Ry and
compare it with SN R;gear.-

Finally, consider a filter with |Hs(f)| = /B2 — f? for |f| < Bs and zero otherwise.
a) Draw [Hy(f)|.

b) Compute the equivalent noise bandwidth Bys.



¢) Compute the SN R3 at the output of the filter H3(f) and compare it with SN R;geqi-

Question 4 [4 points]. Noise Factor (F) and Noise Figure (NF)

a) Mark the true sentence/sentences.
O F is proportional to the noise equivalent bandwidth By of the two-port network
O F is inversely proportional to the noise equivalent bandwidth By of the two-port network
O F is proportional to the gain G of the two-port network
O F is inversely proportionally to the gain G of the two-port network
O None of the previous answers is true.

b) Regarding the parameters F' and NF of two-port networks, mark the true sentence/sentences.
O F and NF use the same units
O If F =10 then NF = 10
(O NF may take negative values
O F takes values between 0 and 1
O None of the previous answers is true.

c) Consider the equivalent noise factor Fe, of a cascade connection of three two-port networks, the first
with F}, G; and By, the second with F5, Go and Bpys, and the last with F3, G5 and Bys. Regarding
the Friis formula for noise, mark the true sentence/sentences.

O To compute Fy we don’t need F3

O To compute F., we don’t need G3
O To compute F,, we don’t need Bys
O None of the previous answers is true.

d) Consider the cascade connection of two two-port amplifiers, the first with F; and the second with Fj.
Mark the true sentence/sentences.

(O The equivalent noise factor F,, is greater that Fy

O The equivalent noise factor Feq is greater that Fo

(O The equivalent noise factor F,, is greater that Fy + F3
(O The most critical stage is the last one

O Sometimes the last stage is called low noise amplifier

(O None of the previous answers is true.



Question 5 [5 points]. FEl receptor superheterodi usat en radio comercial FM

L’espectre de la radio comercial FM esta format per 100 canals a intervals de 200 kHz. El primer d’aquests
canals es troba centrat a la freqiiencia de 88.1 MHz i el darrer a 107.9 MHz. Cadascun d’aquests canals
consisteix en una portadora a la qual se li ha aplicat una modulacié FM amb un senyal d’audio d’amplada
de banda B = 15kHz i amplitud maxima A =1V, usant ky = 75kHz/V.

Aquest senyal es recupera usant un receptor superheterodi de freqiiéncia intermedia fr; = 10.7 MHz. Aquest
receptor usa una freqiiéncia variable per a traslladar el canal desitjat a la frr. Un cop el senyal a freqiiéncia
intermedia, s’aplica un filtrat efectiu abans de realitzar la desmodulacié FM.

a) Useu la regla de Carson per tal de determinar 'amplada de banda de cada canal. Quina és l’espai buit
entre dos canals? Dibuixeu la plantilla corresponent al pas-banda necessari per a separar un canal (per
exemple el centrat a 107.7 MHz) dels altres si s’especifica que l'atenuaci6é de la banda de pas ha de ser
menor que 3dB i ’atenuacié en la banda de rebuig superior a 20dB. Dividiu la freqiiencia central del
darrer canal per I’espai buit entre canals (a major valor, major dificultat per a realitzar el filtre).

b) Calculeu la freqiiéncia de loscillador (la major de les dues possibles) usat per a traslladar el primer
canal, centrat a 88.1 MHz, a fry. Determineu amb precisié on comenca i on acaba la freqiiéncia imatge
frmage d’aquest canal.

c¢) Calculeu la freqiiencia de loscillador (la major de les dues possibles) usat per a traslladar el darrer
canal, centrat a 107.9 MHz, a fr;. Determineu amb precisié on comenca i on acaba la freqiiencia imatge
frmage d’aquest canal.



d) Considereu ara la freqiiéncia imatge corresponent a la totalitat del canals. On comenga i on acaba?
Dibuixeu la plantilla corresponent al pas-baix necessari per a eliminar la fr,,44e si s’especifica que
I’atenuacié de la banda de pas ha de ser menor que 3dB i 'atenuaci6 en la banda de rebuig superior a
20dB. Dividiu la freqiiéncia central del darrer canal per ’espai buit entre el final de 'espectre de radio

ila flmage-

e) Un cop heu traslladat el canal seleccionat a f;p, dibuixeu la plantilla corresponent al pas-banda necessari
per separar el canal seleccionat dels altres si s’especifica que 'atenuacioé de la banda de pas ha de ser
menor que 3dB i 'atenuacié en la banda de rebuig superior a 20dB. Dividiu la freqiiencia central, en
aquest cas frp, per l'espai buit entre canals. Compareu aquest valor amb el de l'apartat a).

f) Que passaria si volguéssim facilitar la construcci6 del filtre anterior disminuint f;r? Podeu calcular la
fImage corresponent al primer canal, centrat a 88.1 MHz, si uséssim una fr; = 9.9 MHz.
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