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The points from the assignments will be added to the examination score.
Max total podng (tenta + 2 inldmningar) = 5.0 + 0.5 +0.5 = 6.0
Maz total score (exam + 2 assigments) = 5.0 + 0.5 +0.5 = 6.0
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1. Ange vilka av nedanstaende pastaenden som &r sanna respektive falska.
Indicate which of the following statements are true and which are false.
(4 réatt av 5 ger 0.1 podng) (4 correct answers out of 5 gives 0.1p)

a) Ett FIR-filter kan vara stabilt eller instabilt.

b)

A FIR filter can be stable or unstable.

En faltning av tva sekvenser i tidsdoménen motsvaras av en multiplikation av Z-
transformerna for signalerna.
A convolution of two sequences in the time domain corresponds to a multiplication
of the Z transforms of the signals.

Ett IIR-filter ar alltid stabilt.
An IIR filter is always stable.

Ett forsta ordningens FIR-filter &r stabilt om och endast om absolutvardet av faktorn
framfor y(n-1) &r storre &n 1.
A first order FIR filter is stable if and only if the absolute value of the factor in front
of y(n-1) is larger than 1.

Ett IIR-filter kan vara ett linjar fas-system.
An IIR-filter can be a linear-phase system.



2. En tidsdiskret krets beskrivs av differensekvationen:
A discrete-time system is described by the difference equation:

y(n) = Syl 1)+ Coy(n = 2) = a(w)

a) Bestdm systemfunktionen H(z) och impulssvaret h(n) for systemet, samt rita ett pol-
nollstillediagram. Ar systemet stabilt? (0.1p)

Determine the system function H(z) and the impulse response h(n) for the system and
draw a pole-zero plot. Is the system stable?

b) Foljande signal &r insignal till systemet
The following signal is the input signal to the system

z(n) = (7)"u(n)

dér u(n) &ar stegfunktionen. Los differensekvationen genom att anvinda Z-transformen,
det vill sdga, bestdm ett slutet uttryck for utsignalen y(n). (0.1 p)

where u(n) is the step function. Solve the difference equation by using the Z-transform,
that is, determine a closed form expression for y(n).

3. a) Foljande kontinuerliga signal &r given
The following continuous signal is given

z(t) = sin(wt)

Bestédm derivatan 4z(t) med anvindning av Eulers formler! (0.1p)
Determine the derivative %x(t) using Fuler’s formulae!

b) Hur avldser man om ett system &r stabilt i ett pol-nollstéllediagram? Hur avléser
man om ett systems impulssvar kan innehalla svangningar? (0.1p)

How can you see whether a system is stable from a pole-zero diagram? How can you See
whether the impulse response can contain oscillations?.



LOSNINGAR Inlamningsuppgift 1, EITA50, LP4, 2020

Losning 1. a) Falskt. Ett FIR-filter ar alltid stabilt.
False. A FIR filter is always stable.

b) Sant. Faltning i tidsdoménen motsvaras av multiplikation i transformdoménen.
True. Convolution in the time domain corresponds to multiplication in the transform
domain.

c) Falskt. Ett IIR-filter kan vara stabilt eller instabilt.
False. An IIR filter can be stable or unstable.

d) Falskt. Ett forsta ordningens ITR-filter dr stabilt om faktorn framfor y(n-1) &r mindre
an 1. Ett FIR-filter ar alltid stabilt.
False. A first-order IIR filter is stable if the factor in front of y(n-1) is less than 1.
An FIR filter is always stable.

e) Falskt. Ett IIR-filter kan inte ha linjar fas.
False. An IIR filter cannot be linear phase.

Losning 2a. Z-transformera differensekvationen:
Z transform the difference equation:

Y (2) 1

X(z) 1- g2+ B2

Inverstransformering av H(Z) ger impulssvaret h(n). Bestdm forst polerna:
The inverse transform of H(z) gives the impulse response h(n). First find the poles:

22 1 22
H(z) = — —
(2) 21— 14 222 22—l 3
2 4 3 - 1 3
z = — —_———_— = = - = -
s Vo6s 64 =g P27y

Systemfunktionen ar
The system function is

Handpaldggningsmetoden ger A = % och B = —%.
Identification gives A = % and B = —%.



Losning 2b.

1—%2*1—63—42*2
3 1 1 1

- 2 =z 2
21—%2_1 21—%2_1 2)

Impulssvaret ges da av
The impulse response is

h(n) = (2(8)" — ;(8)”> u(n)

Polerna ar p; och po %. Systemet ar stabilt eftersom polerna ligger innanfor
enhetscirkeln. Alla nollstéllen ligger i 0.
The poles are p1 = % and py = %. The system is stable because the poles are located inside

the unit circle. All zeros are located in 0.

1

I Z-doménen ges utsignalen av Y (z) = H(z)X(z). Bestam X (z) genom att leta i tabell:
In the Z domain, the output signal is given by Y (z) = H(2)X(2). Find X(z) by looking
in a table:

Detta ger att Y(z) blir
This gives Y (2)

Y(2) =
® = TCTaozha -3y
B A i B L C
Y e L
Handpalaggningsmetoden ger A = %, B=—-40och C= %. Z-transformen for utsignalen ar

alltsa:
Identification gives A = %,B = —4 och C' = % . Thus, the Z transform of the output
stgnal is:

1 1 1 9 1
Y(2)=< -4 + -
) 21—zt 1—271 213,71

och utsignalen (16sningen pa differensekvationen) blir
and the output signal (the solution to the difference equation) is

1.1 2 9.3

i) = (5" =15 + 5@ ) utw



Losning 3. a Skriv om sin(wt) med Eulers ekvation, derivera, och identifiera cos(wt).

Rewrite sin(wt) with Euler’s equation, derive, and identify cos(wt).

—Sm(wt) = —(—_g]wt — __e_JWt> _ __-ejwt _ St —jwt
dt dt2; 2] dt 2j di2;
W et TIW - : 1.1
= ‘ﬁejwt . ﬂe—wt — fejwt + (’_u@—Jwt — w(_ejwt + _e_]wt) _ wcos(wt)
2j 2j 2 2 2 2

b Ett system &r stabilt om samtliga poler ligger innanfor enhetscirkeln. Impulss-
varet kan innehalla oscillationer om polerna dr komplexkonjugerade.
A system is stable if all poles are inside the unit circle. The impulse response can
contain oscillations if the poles are complex conjugated.



