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

ys[n] =











0, n < 0

(1−
(

1

2

)n
, n = 0, 1, 2, 3

1, n ≥ 4.

Insignal x[n] Utsignal y[n]
Impuls δ[n] h[n] Impulssvar

Enhetssteg u[n] ys[n] Stegsvar
δ[n] = u[n]− u[n− 1] h[n] = ys[n]− ys[n− 1]

Vilket ger
n 0 1 2 3 4 5 6

ys[n] 0 1/2 3/4 7/8 1 1 1
−ys[n− 1] 0 0 -1/2 -3/4 -7/8 -1 -1
Summera - - - - - - -

h[n] 0 1/2 1/4 1/8 1/8 0 0

h[n] =

{

0 · δ[n] + 1

2
δ[n− 1] + 1

4
δ[n− 2] + 1

8
δ[n− 3] + 1

8
δ[n− 4]

0, för n < 0 och n ≥ 5 .

Följande samband kan ocks̊a användas

ys[n] =

n
∑

k=0

h[k]

(b)

g(t) ∗ δ(t− to) = g(t− to) (i)

g(t)δ(t− to) = g(to)δ(t− to) (ii)
∫

∞

−∞

g(τ − to)δ(τ)dτ = g(−to) (iii)
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2. Beräkna systemets frekvenssvar

H(s) =
s 1000

(s+ 100)(s+ 400)
= {s = jω} = jω 1000

(jω + 100)(jω + 400)
=

=
jω 1000

(−ω2 + j400ω + j100ω + 40000)
=

=
jω 1000

(40000− ω2) + j500ω
= H(jω)

Fasvinkeln φ = 0 om H(jω) är reellt. Vi ser att d̊a (40000 − ω2) = 0
blir H(jω) = 1000

500
= 2. Allts̊a är ωφ =

√
40000 = 200 rad/s.

y(t) = |H(jω)| · 2 cos(ωt+arg{H(jω}) = {ω = 200} = 4 cos(200 t)

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

y[n]− 0.25y[n− 1] = 2x[n]− x[n− 1] z-transformera

Y (z)(1 − 0.25z−1) = X(z)(2− z−1) bilda kvot

H(z) =
Y (z)

X(z)
=

2− z−1

1− 0.25z−1

Insignal

x[n] =

(

−1
4

)n

u[n] ←→ X(z) =
1

1 + 0.25z−1

Y (z) = H(z)X(z) =
2− z−1

(1− 0.25z−1)(1 + 0.25z−1)
=

= z · 2z − 1

(z − 0.25)(z + 0.25)

Gör PBU p̊a

Y (z)

z
=

2z − 1

(z − 0.25)(z + 0.25)
=

A

z − 0.25
+

B

z + 0.25

2z − 1 = A(z + 0.25) +B(z − 0.25)

z = 0.25 ⇒ −0.5 = A(0.5) ⇒ A = −1
z = −0.25 ⇒ −1.5 = B(−0.5) ⇒ B = −3

Och

Y (z) = 3
z

z + 0.25
− z

z − 0.25

Invers z-transformering ger

y[n] =

[

3

(

−1
4

)n

−
(

1

4

)n]

u[n]
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4. Laplacetransformera impulssvaret

h(t) = 2(δ(t)− 4e−t sin(4t))u(t)

H(s) = 2

(

1− 4
4

(s+ 1)2 + 16

)

= 2

(

1− 16

(s+ 1)2 + 16

)

=

= 2 · (s+ 1)2 + 16− 16

(s+ 1)2 + 16
= 2 · (s+ 1)2

(s+ 1)2 + 16

Insignal

x(t) = 2e−tu(t) ←→ X(s) =
2

s+ 1

Utsignalens Laplacetransform

Y (s) = H(s)X(s) = · · · = 4 · s+ 1

(s+ 1)2 + 16

Invers Laplacetransform ger

y(t) = 4e−t cos(4t)u(t)

5. Index k motsvarar frekvenserna fk =
fs

N
k Hz. Med N=256 och samp-

lingsfrekvensen fs = 6300 Hz.

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

k = 38 ⇒ f38 =
6300

256
38 = 935Hz

k = 54 ⇒ f54 =
6300

256
54 = 1329Hz

Frekvensskillnad mellan X [k] och X [k + 1] är

△f =
fs

N
=

6300

256
= 24.6 Hz.

Jämför f38 och f54 mot DTMF-Tabellen 1.

k = 38 f38 = 935 Hz flo = 941 flo − f38 = 6 < △f

2
= 12.3 Ok

k = 54 f54 = 1329 Hz fhi = 1336 fhi − f54 = 7 < △f

2
= 12.3 Ok

Svar: a) Knapp 0 svarar bäst mot f38 och f54. b) 24.6 Hz

( De tv̊a topparna i |X [k]| för höga k-värden svarar mot N −k värden.
Uppkommer alltid för reella signaler.)

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