
ELEC-A7200 Signals and Systems

Autumn 2022, Midterm exam 1

October 21th 2022

Task1
a) (2p.) Letzi(t) and x2(4) be orthonormal signals. Determine

and (xi(t) - x2(t),x2(t))

b) (2p.) Let 373(4) = 2 • tria (j), where

tria(t) =

using rectangular pulses of the form reet (Lna), whereExpress the signal X4 (t)

rect(t) =

u(t) =

Calculate the convolution of the signal xs(t) with itself:

Hint: it is probably a good idea to draw a picture.
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Draw the signals 3:3(4) and x«(t).

c) (2p.) Calculate

1, t>0
0, t < 0.

00

S/(i) = y x5(r)x5(t - t) dr.

—00

1, l«l<5
0, |4| > |.

00

y x3(t)c5(t-2)d4,

where <5(4) is the Dirac delta function.

d) (4p.) Let x$(t) = e-tu(4), where u(4) is the unit step function:

1 + t, -1 < t < 0
1 -1, 0 < t < 1
0, othenvise.
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Figure 1: Pulssi/puls/pulse rc(t).
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c) (2p.) Draw the two-sided amplitude Spectrum and phase Spectrum of this signal.

d) (2p.) Draw the one-sided power spectral density of this signal.

e) (2p.) Compute the average power of this signal.

Consider the periodic signal z(t) = 2cos(207rt).

a) (lp.) What are the period Tq and the frequency of the signal x(t)?

b) (3p.) Determine the coefficients of the exponential Fourier series of this signal:

Consider the pulse x(t) = 4rect (Ä) + drect This pulse is shown in Figure L

oo

= J h.(r)x(t - t) dr.
— OO

The impulse response is: h(t) = i(t) + K " 2)’ where is the Dirac deIta function-

i) (2p.) Find the Fourier transferin H(/) of the impulse response h(t).
ii) (2p.) Find the Fourier transform /(/) and the energy spectral density |K(/)|2 of the 

signal y(t).

To/2

-To/2

a) (2p.) Determine the amplitude A of the pulse so that the energy of the pulse is 1J.

b) (4p.) Find the Fourier transform X(f) = f^x^e^^dt and the energy spectral density 
l-^(/)|2 °f the signal x(t).

e) The pulse x(t) goes through an echoing Channel. At the other end of the Channel, the pulse 
y(t) is received, which can be expressed as the convolution of the signal x(t) and the so-called 
impulse response h.(t) of the Channel:


