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1. (a)
〈x1(t) − x2(t), x1(t)〉 = 〈x1(t), x1(t)〉 − 〈x2(t), x1(t)〉 = |x1(t)|2= 1

〈x1(t) − x2(t), x2(t)〉 = 〈x1(t), x2(t)〉 − 〈x2(t), x2(t)〉 = −|x2(t)|2= −1

(b)
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(c) ∫ ∞

−∞

x3(t)δ(t − 2)dt ≈
∫ ∞

−∞

x3(2)δ(t − 2)dt = x3(2)
∫ ∞

−∞

δ(t − 2)dt = x3(2) = 1

(d) Konvoluution laskeminen jakautuu kahteen alueeseen.
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Kun t ≤ 0 pulssit eivät ole limittäin, niiden tulo on nolla,
ja konvoluutio y(t ≤ 0) = 0.
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Kun t > 0 pulssit ovat päällekkäin välillä [0, t], eli niiden
tulo poikkeaa nollasta vain tällä alueella.

y(t > 0) =
∫ ∞

−∞

x5(t − λ)x5(λ)dλ =
∫ t

0
e−(t−λ)e−(λ)dλ =

∫ t

0
e−tdλ

= e−t
t/

0

λ = te−t

y(t) = te−t · uH (t)
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2. (a)
2π f t = 20πt

f = 10 Hz ja T0 = 1/ f = 100 ms

(b)

xk =
1
T0
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2
T0

∫ T0/2

−T0/2
cos(2π f0t)e−2π jk f0tdt =

1
T0

∫ T0/2

−T0/2

(
e2π j f0t + e−2π j f0t

)
e−2π jk f0tdt

=
1
T0

∫ T0/2

−T0/2

(
e2π j f0t(1−k) + e2π j f0t(−1−k)

)
dt =

1
T0

T0/2/
−T0/2

(
e2π j f0t(1−k)

2π j f0(1 − k)
+

e2π j f0t(−1−k)

2π j f0(−1 − k)

)

=
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+
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2π j(−1 − k)
=

sin(π(1 − k))
π(1 − k)

+
sin(π(−1 − k))
π(−1 − k)

= sinc(1 − k) + sinc(−1 − k) = sinc(1 − k) + sinc(1 + k)

(c)
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(e) Sinimuotoisen signaalin teho.
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3. (a) Signaalin energia

E =
∫ ∞

−∞

|x(t)|2dt = ((−1) − (−2)) · (A/2)2 + (1 − (−1)) · A2 + (2 − 1) · (A/2)2 =
5
2

A2 = 1

A =

√
2
5

(b)
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= 2Asinc(4 f ) + Asinc(2 f )

|X( f )|2= (2Asinc(4 f ) + Asinc(2 f ))2

(c) i.
H( f ) = F {h(t)} = F {δ(t) + δ(t − 2)} = 1 + e−4π j f

ii.
Y ( f ) = F {y(t)} = F {(x ⊗ h)(t)} = X( f )H( f ) = A

(
1 + e−4π j f

)
(2sinc(4 f ) + sinc(2 f ))

|Y ( f )|2= A2
(
(1 + cos(4π f ))2 + (sin(−4π f ))2

)
(2sinc(4 f ) + sinc(2 f ))2

= A2
(
1 + 2 cos(4π f ) + cos2(4π f ) + sin2(4π f )

)
(2sinc(4 f ) + sinc(2 f ))2

= 2A2 (1 + cos(4π f )) (2sinc(4 f ) + sinc(2 f ))2


