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1. (a) Ett diskret LTI-system har foljande stegsvar

0, n<0
ysln] =< (1—(3)", n=0,1,2,3
1, n > 4.

Insignal x[n] | Utsignal y[n]
Impuls d[n| | h[n] Impulssvar
Enhetssteg u[n] | ys[n] Stegsvar
0[n] = u[n] — uln —1] | h[n] = ys[n] — ys[n — 1]

Vilket ger
n 0 1 2 3 4
ys[n] 0|1/2|3/4|7/8 1 111
—ysln—1] 0| 0 |-1/2|-3/4|-7/8|-1|-1
Summera | - | - - - - - -

hln]  [0|1/2] 1/4 | 1/8 | 1/8 010

hin] = 0-0[n] + 36[n — 1] + 36[n — 2] + £6[n — 3] + £6[n — 4]
B 0, for n<0 och n>5.

Foljande samband kan ocksa anvindas

ys[n] = hk]

(b)
g(t) *5(t_to) :g(t_to) (Z
908t — 1) = g(t)6(t — t,) (if)
/ g(r — t,)8(r)dr = g(~t,) (iii)
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2. Berikna systemets frekvenssvar

51000 ‘ jw 1000
Hs) = = {s = jw} = ~ : -
(s 4+ 100)(s + 400) (jw + 100)(jw + 400)
B Jw 1000 B
~ (—w? + 7400w + j100 w + 40000)
jw 1000

p— p— H )
(20000 — o) 1 500w 1Uw)

Fasvinkeln ¢ = 0 om H(jw) dr reellt. Vi ser att da (40000 — w?) = 0
blir H (jw) = % = 2. Alltsa &dr w, = v/40000 = 200 rad/s.
y(t) = |H(jw)| - 2 cos(wt + arg{ H(jw}) = {w = 200} = 4 cos(200¢)

a) wy=200rad/s, b) A=4
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3. Differensekvationen

y[n] — 0.25y[n — 1] = 2z[n] — z[n — 1] z-transformera
Y(2)(1-0.252"") = X(2)(2— z') bilda kvot

2— 71

_Y() _
) = %0 " 1T=02
Insignal
1" 1
xn] = <_Z) uln] +— X(2) = 1702551
Y(2) = H(2)X(2) = 2-27 _
(2) = HE)XG) = G030 10251
2z —1
7 (2-025)(2 + 0.25)
Gor PBU pa
Y(z) 2z —1 A B

z  (2-025)(24+025)  z—0.25 025
22 —1=A(2+0.25) + B(z — 0.25)
z2=025 = —-05=A4(05 = A=-1
z=-025 = —15=DB(-05 = B=-3

Och

z z

Vi(z) =3 _
&) =3 0% 70

Invers z-transformering ger
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4. Laplacetransformera impulssvaret

h(t) = 2(5(t) — 4e~" sin(4t))u(t)
16

9 =2 (= typrs) =2 (- i) -

(s+1)+16—16 (s+1)°

=92. —9.__ 7'
(s+1)24+16 (s+1)24+16

Insignal

2

x(t) =2 u(t) +— X(s)= P

Utsignalens Laplacetransform

s+ 1
(s+1)2+16

Invers Laplacetransform ger

y(t) = de " cos(4t)u(t)

5. Index k motsvarar frekvenserna f; = %k Hz. Med N=256 och samp-
lingsfrekvensen f; = 6300 Hz.

I figur 2 ser vi tydliga toppar i | X[k]| vid

6300
— = — == H
k=38 = fas 956 38 = 935H~
6300
k=54 = ——04=1329H
Frekvensskillnad mellan X[k] och X[k + 1] &ar
fs 6300
Af="==——=246 Hz.
[=N =556 — 201

Jamfor fag och fs4 mot DTMF-Tabellen .
k=38| fss=935Hz | fr, =941 | fi, — frs =6 < 5f =12.3 | Ok

k=54 fss = 1320 Hz | fr; = 1336 | fas — fsa = 7 < 5L = 12.3 | Ok
Svar: a) Knapp 0 svarar bast mot fsg och f54. b) 24.6 Hz

( De tva topparna i | X [k]| for hoga k-virden svarar mot N — k vérden.
Uppkommer alltid for reella signaler.)

! alla frekvenser finns inte representerade i sekvensen X [k]

bt



