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'Askhsh 1.

Sto sq ma 1 faÐnetai to qronikì s ma pou exet�zoume. H mèsh isqÔc tou s matoc eisìdou
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Sq ma 1: �skhsh 1.

eÐnai h ex c:

Px =
1
6

∫ 6

0
x2(t)dt =

1
6

(
9

∫ 2

0
dt + 1

∫ 6

2
dt

)
=

22
6

= 3.67 Watts.

Gia na broÔme thn isqÔ thc exìdou ja prèpei na anaptÔxoume to s ma se seir� Fourier, �ra
oi suntelestèc thc seir�c ja eÐnai oi ex c:
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1
T0

∫ T0

0
x(t)dt =

1
6
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0
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1
3
.
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0
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3
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'Ara, oi timèc twn suntelest¸n ja eÐnai:

•• X1 = 1
6 Hz

• X2 = 2
6 Hz

• X3 = 0 → 1
2 Hz

• |X4| =
∣∣∣ 1
π sin

(
π
3 4

)∣∣∣ → 4
6 Hz
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• |X5| =
∣∣∣ 4
5π sin

(
π
3 5

)∣∣∣ = 0.2205 → 5
6 Hz

• X6 = 0 → 1 Hz

• |X7| =
∣∣∣ 4
7π sin

(
π
3 7

)∣∣∣ = 0.1575 → 7
6 Hz

• |X8| =
∣∣∣ 4
8π sin

(
π
3 8

)∣∣∣ = 0.1378 → 8
6 Hz

• X9 = 0 → 1.5 Hz

'Ara, h mèsh isqÔc tou s matoc exìdou apì ton enisqut  ja eÐnai:

Pout = 2
(
|10X4|2 + |10X5|2 + |10X7|2 + |10X8|2

)
= 33.6872 Watts

'Askhsh 2.

• To s ma x(t) anaptÔssetai se seir� Fourier, �ra gr�fetai wc ex c:

x(t) =
∞∑

k=−∞
Xke

j2πkf0t

Lamb�nontac to suzugèc thc prohgoÔmenhc exÐswshc, ja èqoume ìti:

x∗(t) =
( ∞∑

k=−∞
Xke

j2πkf0t
)∗

=
∞∑

k=−∞
X∗

ke−j2πkf0t =

=
−∞∑

−k=∞
X∗
−ke

−j2π(−k)f0t =
∞∑

k=−∞
X∗
−ke

j2πkf0t

An x(t) eÐnai pragmatikì s ma ja isqÔei ìti x(t) = x∗(t), dhlad 
∞∑

k=−∞
Xke

j2πkf0t =
∞∑

k=−∞
X∗
−ke

j2πkf0t ⇒ Xk = X∗
−k

'Ara, ja isqÔei ìti:

Xk = XR
k + jXI

k

X∗
−k =

(
XR
−k + jXI

−k

)∗
=

(
XR
−k

)∗
− j

(
XI
−k

)∗
= XR

−k − jXI
−k





Xk=X∗
−k=⇒

XR
k = XR

−k

XI
k = −XI

−k
(A)

EpÐshc, isqÔei ìti:

x(−t) =
∞∑

k=−∞
Xke

j2πkf0(−t) =
∞∑

−k=−∞
X−ke

j2π(−k)f0(−t) =
∞∑

k=−∞
X−ke

j2πkf0t,

dhlad  oi suntelestèc Fourier X−k sqetÐzontai me to s ma x(−t). To �rtio mèroc tou
s matoc ja eÐnai:

xα(t) =
x(t) + x(−t)

2
=

1
2

( ∞∑

k=−∞
Xke

j2πkf0t +
∞∑

k=−∞
X−ke

j2πkf0t

)
=

=
1
2

( ∞∑

k=−∞
ej2πkf0t

(
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))
=
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(
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2

)
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=
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(
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k + XR

−k + jXI
−k

2

)
ej2πkf0t =

Eξ.(A)
=
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2
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(
2XR
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2

)
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=
∞∑

k=−∞
XR

k ej2πkf0t.
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'Ara, to �rtio mèroc tou s matoc anaptÔssetai mìno me touc suntelestèc XR
k .

• 'Eqoume to ex c:

Xk =
1 + e−jkπ/3 − 2e−jkπ

jk
⇒ X∗

−k =

(
1 + e−j(−k)π/3 − 2e−j(−k)π

j(−k)

)∗
=

=

(
1 + ejkπ/3 − 2ejkπ

−jk

)∗
=

1 + e−jkπ/3 − 2e−jkπ

jk
⇒

⇒ Xk = X∗
−k,

ìpou apì to prohgoÔmeno er¸thma deÐxame ìti ìtan isqÔei Xk = X∗
−k to s ma eÐnai

pragmatikì.

'Askhsh 3.

Oi suntelestèc Fourier ja eÐnai:

X0 =
1
T0

∫ T0

0
x(t)dt =

1
T0

∫ T0/2

0
e−αtdt +

1
T0

∫ T0

T0/2
−e−α

(
t−T0/2

)
dt =

u=t−T0/2
=

1
T0

∫ T0/2

0
e−αtdt− 1

T0

∫ T0/2

0
e−αudu = 0

Xk =
1
T0

∫ T0

0
x(t)e−j2πkf0tdt =

=
1
T0

∫ T0/2

0
e−αte−j2πkf0tdt +

1
T0

∫ T0

T0/2
−e−α

(
t−T0/2

)
e−j2πkf0tdt =

sto 20 olokl.: u=t−T0/2
=

1
T0

∫ T0/2

0
e−αte−j2πkf0tdt +

1
T0

∫ T0/2

0
−e−αue−j2πkf0

(
u+T0/2

)
du =

=
1
T0

∫ T0/2

0
e−αte−j2πkf0tdt +

1
T0

∫ T0/2

0
−e−αue−j2πkf0ue−j2πkf0T0/2du =

sto 20 olokl.: t=u=
1
T0

∫ T0/2

0
e−αte−j2πkf0tdt +

1
T0

∫ T0/2

0
−e−αte−j2πkf0te−jπkdt =

=
1
T0

∫ T0/2

0

(
e−αt − e−αte−jπk

)
e−j2πkf0tdt.

'Ara, ja eÐnai:

Xk =

{
0, k �rtioc
2
T0

∫ T0/2
0 e−(α+j2πkf0)tdt, alli¸c

=

{
0, k �rtioc
2
T0

1
−(α+j2πkf0)

(
e−αT0/2(e−jπ)k − 1

)
, alli¸c =

=

{
0, k �rtioc
2(1+e−αT0/2)

αT0+j2πk , alli¸c
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'Askhsh 4.

(a) To eswterikì ginìmeno twn dÔo sunart sewn eÐnai:

〈g(t), ε(t)〉 =
∫ ∞

−∞
g(t)ε(t)dt =

∫ 1/3

0
6t dt +

∫ 1

1/3
(−3t + 3) dt = 1

(b) EÐnai ĝ(t) = αε(t). H di�stash tou q¸rou mac eÐnai èna. SÔmfwna me to je¸rhma thc
kajetìthtac:

α =
∫ 1

0
g(t)ε(t)dt =

∫ 1/3

0
g(t)ε(t)dt +

∫ 1

1/3
g(t)ε(t)dt = 1.

'Ara, ĝ(t) = αε(t) ⇒ ĝ(t) = ε(t).
(g) To mèso tetragwnikì sf�lma thc proseggis c pou prokÔptei apì to prohgoÔmeno

er¸thma eÐnai:

e(t) = g(t)− ĝ(t) = g(t)− ε(t) ⇒
‖e(t)‖2 = ‖g(t)− ε(t)‖2 = 〈g(t)− ε(t), g(t)− ε(t)〉 =

=
∫ 1

0
(g(t)− ε(t))(g(t)− ε(t))dt =

=
∫ 1/3

0
(6t− 1)2dt +

∫ 1

1/3
(−3t + 3− 1)2dt =

1
3
.

'Askhsh 5.

'Askhsh MATLAB.


