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ISS — Numerické cviceni / Numerical exercise 6.
Honza Cernocky, FIT VUT Brno, December 2, 2022

Energie, vykon / Energy, power

. Nakreslete periodicky signdl se spojitym ¢asem s periodou 77 = 3. / Draw a continuous-time periodic signal

with period 77 = 3. Jedna perioda je urcena / One period is given as:

2(t) = 3 pro/for 0<t<1
] -1 proffor 1<t<3

. Urcete jeho stfedni hodnotu / Determine its mean value.

. Urcete energii za jednu periodu / Determine the energy of one period.

Urcete jeho stiedni vykon / Determine its mean power.

. Urcete efektivni hodnou / Determine its root-mean-square (RMS) value.

. Nakreslete stredni hodnotu a efektivni hodnotu do obrazku jako stejnosmérné signaly a vysvétlete, proc je

mezi nimi rozdil. / Draw the mean value and RMS value to the signal as d.c. signals and explain, why they
are different.

Fourierova fada / Fourier series

Nakreslete periodicky signdl / Draw periodic signal

(1) = 10 pro/for —1ms<t<1ms
] 0 jinde/otherwise

s periodou / with period 77 = 6 ms.

.V nésledujicich piikladech budeme pro vypocet a kresleni koeficientu vyuzivat vzorec / In the following

exercises, we’ll use the following formula for computing and drawing the FS coefficients:

9 . 0
L = Dﬁsmc (2k‘w1)

Pfipravte si pod sebou dva grafy / Prepare, below each other, two graphs: w vs. |¢x| and w vs. arg(cg).
Nakrelete do prvniho z nich teckované funkei sinc (zatim bez hodnot na osdch). / To the first one, draw
function sinc (for the moment, without values on the axes) as a dotted line.

. Piekreslete funkei sinc jako komplexni - prevedte ji na modulovou a argumentovou Gést. / Re-draw the sinc

function as a complex one - split it into magnitude and angle parts.
Urcete hodnoty vyznamnych bodu na vsech osich. / Determine the values of important points on all axes.

Urcete, na kterych kruhovych frekvencich budou “sedét” koeficienty FR (ndsobky w;) a dopliite je do obou
obrazku. / Determine, on which frequencies the FS coefficients will be “’sitting” (multiples of wq) and draw
them.

Fourierova transformace / Fourier transform

Obdélnikovy impuls je definovédn / Rectangular impulse is defined as:

2(t) = 10 pro/for —1ms<t<1ms
| 0 jinde/otherwise

takze je to jeden obdélnik z piedchoziho periodického signdlu. / so that it is one rectangle from the above
periodic signal. 1



12. Nakreslete signal. / Draw the signal.

13. Urcete a nakreslete jeho spektralni funkci X (jw). / Determine and draw the spectral function X (jw).
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Help: X (jw) =

Ddsinc (gw)

Urcete a nakreslete spektralni funkci signalu, ktery je oproti z(t) o 1 ms predbéhnuty (tedy trvé od -2 ms
do nuly). / Determine and draw the spectral function of a signal that is 1 ms advanced compared to z(t)
= Y(jw) = X(jw)e 7T,

(i.e. it is non-zero from -2 ms until zero). Help: y(t) = z(t — 1)

Konvoluce se spojitym casem / Continuous-time convolution

Jsou dédny spojité signély / continuous-time signals are given as:

(1) = 2 proffor —2<t<2
7Y 0 jinde/otherwise

2a(t) = —3 proffor 0<t<1
271 0 jinde/otherwise

Budeme pocitat a kreslit konvoluci / We will compute and draw convolution y(t) = x1(t) x za(t).

Nakreslete oba

signaly / Draw both signals.

Déle vyuzijeme jeden z defini¢nich vzorcu konvoluce. Bude dobré pokud jedna skupina studentu pouzije
prvni variantu a druhd druhou. / Further, we will use one of the definitions of convolution. It would be nice
if one group of students uses the first variant and the other the second.
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Nakreslete signaly vevnitt integrélu pro ¢ = 0. Draw the signals inside integral for ¢ = 0.

Pfipravte si graf pro vysledek konvoluce y(t). Spocitejte hodnotu konvoluce pro ¢t = 0 a zakreslete do grafu.
/ Prepare a graph for the results of the convolution y(¢). Compute the value of convolution for t = 0 and
draw it into the graph.

Dtto pro t = —2. / Dtto for t = —2.

Dtto pro t = —1. / Dtto for t = —1.

Dtto pro t = 2.

Dtto pro t = 3.

/ Dtto for t = 2.

/ Dtto for t = 3.

Doplate graf tak, abyste dostali y(¢) pro vsechny ¢asy. / Complete the graph to have y(t) for all times.

Systém se spojitym ¢asem / Continuous-time system

Budeme studovat chovani nasledujictho obvodu / we will study the behavior of the following circuit:
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Napiste rovnice, které obvod popisuji. Pomucka: Ohmuv zdkon: wu(t) = Ri(t). Proud kondenzédtorem:

. duc(t
io(t) = Cueld)

t

, kde u.(t) je napéti na kondenzdtoru. / Write equations describing the behavior of this

duc(t)

circuit. Help: Ohm’s law: u(t) = Ri(t), current in a capacitor: i(t) = C=5

the capacitor.
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, where u.(t) is the voltage on
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Napiste diferencialni rovnici popisujici tento obvod. / Write differential equation describing this circuit.
Provedte Laplacovu transformaci této rovnice. / Perform Laplace transform of this equation.
Najdéte prenosovou funkci obvodu H(s). / Find the transfer function of the circuit: H(s).

Obecny systém se spojiytm casem je dan nésledujici rovnici. Najdéte koeficienty by, ax / A general continuous-
time system is defined by the following equation. Find the coefficients by, aj.

M
Z by s"
H(s) = &2

- N
Z aksk
k=0

Prevédte rovnici do tvaru obsahujiciho nuly a pély / Convert the equation to the form including zeros and
poles.

Zakreslete nuly a pély do roviny ”s” a ovéfte stabilitu obvodu. / Draw zeros and poles into the ”s” plane
and check the stability of the circuit.

Pomoci nul a pélu uréete hodnotu frekvenéni charakteristiky (modul i argument) pro wy = 0.000001. / With
the zeros and poles, determine the value of frequency response (both magnitude and phase) for w; = 0.000001.

Dtto pro wy = %. / Dtto for wy = %.
Dtto pro w1 = co. / Dtto for wy = oo.

Nakreslete frekvenéni charakteristiku a srovnejte ji s referenci vypoctenou pomoci Matlabu. / Draw the
frequency response and compare it with reference computed by Matlab.



