
Lecture notes
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Tenta räkning,

Del A, 5/10, Del B, 7/15

Del A

Uppgift A1

x(t) = cos(300t), h(t) = 600e−
√

3·100tu(t)

Bestäm y = h ∗ x, (1p)
Lösning:

x(t) =
1
2
(ej300t + e−j300t)

y(t) =
1
2

H(j300)ej300t +
1
2

H(−j300)e−j300t

H(jω) = 600
1√

3 · 100 + jω
→, (Tabell värde)

y(t) =
1
2

600 · 1√
3 · 100 + j300

ej300t +
1
2

600
1√

3 · 100− j300
· e−j300t

Uppgift A2

Bestäm (ck) om x(t) = 5 + 2 · cos(500t + π/6) Lösning: [T = 2π
500 = π

250 ]

x(t) = 5 + 2 · 1
2
(ej(500t+π/6) + e−j(500t+π/6))

=e−jπ/6 · e−j500t + 5 · {ejω0t = 0}+ e+ejπ/6ej500t
c1(x) = e−jπ/6

c0(x) = 5

c1(x) = ejπ/6

ck(x) = 0, k 6= 0,±1
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Uppgift 4

T = 2π · 10−2s

x(t) =

1, 0 ≤ t < T/2

−1, T/2 ≤ t < T

x(t + T) = x(t), ∀t

Lågpassfilter:y = h ∗ x, H(jω) =
{

1, |ω| < 420 rad/20

Jämför medelenergierna för x och y. Lösning: ET = 1
T

∫ T
0 |x(t)|

2dt

ET(x) =
1
T

∫ T

0
|x(t)|2dt = 1

ET(y) =
1
T

∫ T

0
|y(t)|2dt =

{Parseval} =
∞

∑
k=−∞

|ck(y)|2 = {ck(y) = H(jωk)ck(x), ωk =
2πk

T
} =

=
∞

∑
k=−∞

|H(jωk)|2 · |ck(x)|2 6= omm|wk| =
2π|k|

T
< 420 ⇐⇒

|k| < 420T
2π

= 4.2 ⇐⇒ k = 0,±1,±2,±3,±4

=
4

∑
k=−4

|ck(x)|2

cx(x) =
1
T

∫ T

0
x(t)e−jωktdt =

1
T

(∫ T/2

0
e−jωktdt−

∫ T

T/2
e−jωktdt

)
=

1
T

([
−e−jωkt

jωk

]T/2

t=0
−
[

e−ωkt

jωk

]T

t=T/2

)

=
1

jωkT

(
−e−jωkT/2 + 1−

(
−e−jωkT + e−jωkT/2

))
=

=

{
ωkT/2 =

2πk
T

T/2 = πk, ωkT = 2πk, e−jωkT = 1, e−jωkT/2 = (−1)k
}

= {k 6= 0} = 1
2π jk

(2− 2 · (−1)k) =

0, k = 2n, n 6= 0
2

π jk , k = 2n + 1
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c0(x) =
1
T

∫ T

0
x(t)dt = 0→0, k = 2n, n 6= 0

2
π jk , k = 2n + 1

→ ET(y) = ∑ k = −44|ck(x)|2 = |c−1(x)|2 + |c1(x)|2 + |c−3(x)|2 + |c3(x)|2 =

2 · 4
π2 + 2 · 4

9π2 =
80

9π2 < 1

31 okt/14

Uppgift 5

LTI-system y = h ∗ x , h(t) = δ(t)+ (cos t+ 2 sin t)u(t), x(t) = e−2tu(t)
Bestäm y, (5p) Angående δ: (δ ∗ z)(t) = z(t), ∀t, ∀z

CTFT av δ ≡ 1Lösning:

h(t) = δ(t) + h0(t)→ h ∗ x = δ ∗ x + h0 ∗ x = x + h0 ∗ x

h0(t) = (cos t + 2 sin t)u(t) Ej integrerbar (CTFT ej def)

h0(t) = (αejt + βe−jt)u(t)

(h0(t) ∗ x)(t) =


∫ t

0 (αejτ + βe−jτ)e−2(t−τ)dτ, t > 0

0

= α(
∫ t

0
eτ(j+2τ)dτ)e−2t + β

∫ t

0
e−τ(j−2τ)e−2t, t > 0

A =

[
eτ(j+2)

j + 2

]t

0

=
1

2 + j
(e(2+j)t − 1)

B =

[
−eτ(j−2)

j− 2

]t

0

=
1

2− j
(e−(2−j)t − 1)

(h0 ∗ x)(t) =
α

2 + j
(e(2+j)t − 1)e−2tu(t) +

β

2− j
(e−(2−j)t − 1)e−2tu(t)
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y = h ∗ x, H(jω) =
400

20 + jω)2

x(t) =
2
π

∞

∑
n=1

(−1)n+1

n
sin(

nπt
L

)

L =
π

10
y(t) =

∞

∑
n=1

Bn sin(
nπt

L

Bestäm |Bn| för de 3 första nollskilda termerna.
Lösning:

ck(y) = H(jωk)ck(x), ωk =
2πk
2L

=
πk
L

Observationer: x reell signal.

ck(x) =
1
T

∫ T

0
x(t)e−jωktdt→ x̄k(x) =

1
T

∫ T

0
x(t)ejωktdt = c−k(x)

y(t) =
∞

∑
k=−∞

ck(y)ejωkt = [c0(y) = 0]

=
∞

∑
k=1

(ck(y)ejωkt + c−k(y)e−jωkt)

h(t) = 400te−20tu(t) tabell värde

x(t) =
2
π

∞

∑
n=1

(−1)n + 1
n

(
ejωnt − e−jωnt

2j

)
Tiden gick ut, så föreläsaren hänvisar till kurshemsidan
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