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Izra ava signalov 
z Walshevimi temeljnimi funkcijami

Walsheve temeljne funkcije

Definicija prvih tirih funkcij

W0@t_D := ¶ 1 0 £ t £ 1

0 True

W1@t_D :=

1 0 < t £ 1

2

-1 1

2
< t £ 1

0 True

W2@t_D :=

1 0 < t £ 1

4

-1 1

4
< t £ 1

2

1 1

2
< t £ 3

4

-1 3

4
< t £ 1

0 True

W3@t_D :=

1 0 < t £ 1

4

-1 1

4
< t £ 3

4

1 3

4
< t £ 1

0 True

Koeficienti:

K0 := 1;
K1 := 1;
K2 := 1;
K3 := 1;

Izris funkcij:

3



gw0 = Plot@W0@tD, 8t, 0, 1<, PlotRange ® All, PlotLabel ® "W0", Filling ® AxisD;
gw1 = Plot@W1@tD, 8t, 0, 1<, PlotRange ® All, PlotLabel ® "W1", Filling ® AxisD;
gw2 = Plot@W2@tD, 8t, 0, 1<, PlotRange ® All, PlotLabel ® "W2", Filling ® AxisD;
gw3 = Plot@W3@tD, 8t, 0, 1<, PlotRange ® All, PlotLabel ® "W3", Filling ® AxisD;
GraphicsGrid@88gw0, gw1<, 8gw2, gw3<<D
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Aproksimacija signala (naloga)

Naloga: 

Signal x(t) = t2 na intervalu [0,1] izrazite s pribli kom prvih tirih Walshevih temeljnih 

funkcij. 

Dolo ite e napako aproksimacije in skicirajte pribli ek.

Re itev:

x@t_D := t2;
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Plot@x@tD, 8t, 0, 1<, PlotRange ® AllD

0.2 0.4 0.6 0.8 1.0
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Izra un koeficientov:

C0 =
1

1
* à

0

1

t2 * 1 ât

1

3

Plot@8x@tD * W0@tD<, 8t, 0, 1<, Filling ® AxisD
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C1 =
1

1
* à

0

1�2

t2 * 1 ât + à
1�2

1

t2 * H-1L ât

-

1

4
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Plot@8x@tD * W1@tD<, 8t, 0, 1<, Filling ® AxisD
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C2 =
1

1
* à

0

1�4

t2 * 1 ât + à
1�4

1�2

t2 * H-1L ât + à
1�2

3�4

t2 * 1 ât + à
3�4

1

t2 * H-1L ât

-

1

8

Plot@8x@tD * W2@tD<, 8t, 0, 1<, Filling ® AxisD
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1

1
* à

0

1�4

t2 * 1 ât + à
1�4

3�4

t2 * H-1L ât + à
3�4

1

t2 * 1 ât

1

16
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Plot@8x@tD * W3@tD<, 8t, 0, 1<, Filling ® AxisD

0.2 0.4 0.6 0.8 1.0

-0.5

0.5

1.0

Izris aproksimiranega signala:

Plot@8C0 W0@tD + C1 W1@tD + C2 W2@tD + C3 W3@tD, x@tD<, 8t, 0, 1<, Filling ® 81 ® 82<<D

0.2 0.4 0.6 0.8 1.0

0.2

0.4

0.6

0.8

1.0

Izrra un napake:

t1 = 0;
t2 = 1;

Ε =
1

t2 - t1

* à
0

1

t2 * t2 ât - IK0 * C0
2 + K1 * C1

2 + K2 * C2
2 + K3 * C3

2M

79

11 520

N@%D

0.00685764
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Izra ava signalov 
s Haarovimi temeljnimi funkcijami

Haarove temeljne funkcije

Definicija prvih tirih funkcij

H0@t_D := ¶ 1 0 £ t £ 1

0 True

H1@t_D :=

1 0 < t £ 1

2

-1 1

2
< t £ 1

0 True

H2@t_D :=

1 0 < t £ 1

4

-1 1

4
< t £ 1

2

0 True

H3@t_D :=

1 1

2
< t £ 3

4

-1 3

4
< t £ 1

0 True

Koeficienti:

K0 := 1;
K1 := 1;

K2 :=
1

2
;

K3 :=
1

2
;

Izris funkcij:
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gw0 = Plot@H0@tD, 8t, 0, 1<, PlotRange ® All, PlotLabel ® "H0",
Filling ® AxisD;

gw1 = Plot@H1@tD, 8t, 0, 1<, PlotRange ® All, PlotLabel ® "H1",
Filling ® AxisD;

gw2 = Plot@H2@tD, 8t, 0, 1<, PlotRange ® All, PlotLabel ® "H2",
Filling ® AxisD;

gw3 = Plot@H3@tD, 8t, 0, 1<, PlotRange ® All, PlotLabel ® "H3",
Filling ® AxisD;

GraphicsGrid@88gw0, gw1<, 8gw2, gw3<<D
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Aproksimacija signala (naloga 1)

Naloga: 

Signal x(t) = t2 na intervalu [0,1] izrazite s pribli kom prvih tirih Haarovih 

temeljnih funkcij. 

Dolo ite e napako aproksimacije in skicirajte pribli ek.

Re itev:

x@t_D := t2;
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Plot@x@tD, 8t, 0, 1<, PlotRange ® AllD
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Izra un koeficientov:

C0 =
1

1
* à

0

1
t2 * 1 ât

1

3

Plot@8x@tD * H0@tD<, 8t, 0, 1<, Filling ® AxisD
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1
* à

0

1�2
t2 * 1 ât + à

1�2

1
t2 * H-1L ât

-
1

4
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Plot@8x@tD * H1@tD<, 8t, 0, 1<, Filling ® AxisD
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* à
0

1�4
t2 * 1 ât + à

1�4

1�2
t2 * H-1L ât

-
1

16

Plot@8x@tD * H2@tD<, 8t, 0, 1<, Filling ® Axis, PlotRange ® 880, 1<, 8-1, 1<<D
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C3 =
1

1

2

* à1
2

3
4 t2 * 1 ât + à3

4

1
t2 * H-1L ât

-
3

16
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Plot@8x@tD * H3@tD<, 8t, 0, 1<, Filling ® Axis, PlotRange ® 880, 1<, 8-1, 1<<D

0.2 0.4 0.6 0.8 1.0

-1.0

-0.5
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0.5

1.0

Izris aproksimiranega signala:

Plot@8C0 H0@tD + C1 H1@tD + C2 H2@tD + C3 H3@tD, x@tD<, 8t, 0, 1<,
Filling ® 81 ® 82<<D
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Izrra un napake:

t1 = 0;
t2 = 1;

Ε =
1

t2 - t1

* à
0

1
t2 * t2 ât - IK0 * C0

2 + K1 * C1
2 + K2 * C2

2 + K3 * C3
2M

79

11 520
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N@%D

0.00685764

Aproksimacija signala na drugem intervalu (naloga 2)

Naloga: 
Signal x(t) = -Cos@ΠtD na intervalu [-1,1] izrazite s pribli kom prvih 
tirih Haarovih temeljnih funkcij. 

Dolo ite e razliko v napaki aproksimacije, e aproksimiramo s prvimi tirimi
Haarovimi funkcijami ali samo s prvimi tremi Haarovimi funkcijami.

Re itev:

x@t_D := -Cos@Π * tD;

Plot@x@tD, 8t, -1, 1<, PlotRange ® AllD

-1.0 -0.5 0.5 1.0

-1.0

-0.5

0.5

1.0

Haarove funkcije imamo definirane na intervalu [0,1] zato jih moramo premakniti na 
interval [-1,1] in izvajati aproksimacijo s premaknjenimi Haarovimi t.f.

ã Premaknjene Haarove. t.f.

Poi emo preslikavo u: [-1,1] ® [0,1]; u[t] = a*t+b

u@t_D :=
1

2
* t +

1

2
;
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H0
` @t_D := H0@u@tDD;

H1
` @t_D := H1@u@tDD;

H2
` @t_D := H2@u@tDD;

H3
` @t_D := H3@u@tDD;

a =
1

2
;

K0
`

:=
K0

a

K1
`

:=
K1

a

K2
`

:=
K2

a

K3
`

:=
K3

a

9K0
`

, K1
`

, K2
`

, K3
` =

82, 2, 1, 1<

C0 =
1

K0
` * à

-1

1
x@tD * H0

` @tD ât

0

PlotA9x@tD * H0
` @tD=, 8t, -1, 1<, Filling ® AxisE

-1.0 -0.5 0.5 1.0
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-0.5

0.5

1.0
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C1 =
1

K1
` * à

-1

1
x@tD * H1

` @tD ât

0

PlotA9x@tD * H1
` @tD=, 8t, -1, 1<, Filling ® AxisE

-1.0 -0.5 0.5 1.0

-1.0

-0.5

0.5

1.0

Pomo pri izra unu koeficientov C2 in C3 :

à Cos@Π * tD ât =
Sin@Π tD

Π

C2 =
1

K2
` * à

-1

1
x@tD * H2

` @tD ât

2

Π
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PlotA9x@tD * H2
` @tD=, 8t, -1, 1<, Filling ® Axis,

PlotRange ® 88-1, 1<, 8-1, 1<<E
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C3 =
1

K3
` * à

-1

1
x@tD * H3

` @tD ât

-
2

Π

PlotA9x@tD * H3
` @tD=, 8t, -1, 1<, Filling ® Axis,

PlotRange ® 88-1, 1<, 8-1, 1<<E
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ã Izris aproksimiranega signala:

PlotA9C0 H0
` @tD + C1 H1

` @tD + C2 H2
` @tD + C3 H3

` @tD, x@tD=, 8t, -1, 1<,

Filling ® 81 ® 82<<E

-1.0 -0.5 0.5 1.0

-1.0

-0.5

0.5

1.0

ã Izra un razlike napake, e aproksimiramo s prvimi 4-imi H.t.f. ali pa samo s 3-mi 
H.t.f.

DΕ = Ε4 - Ε3 =
1

t2 - t1

* K3 * C3 * C3;

V na em primeru:

DΕ =
1

2
* -

2

Π
* -

2

Π

2

Π2

N@%D

0.202642
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Izra ava signalov 
z Walshevimi temeljnimi funkcijami
na premaknjenem intervalu

Walsheve temeljne funkcije

Definicija prvih tirih funkcij

W0@t_D := ¶ 1 0 £ t £ 1

0 True

W1@t_D :=

1 0 < t £ 1

2

-1 1

2
< t £ 1

0 True

W2@t_D :=

1 0 < t £ 1

4

-1 1

4
< t £ 3

4

1 3

4
< t £ 1

0 True

W3@t_D :=

1 0 < t £ 1

4

-1 1

4
< t £ 1

2

1 1

2
< t £ 3

4

-1 3

4
< t £ 1

0 True

Koeficienti:

K0 := 1;
K1 := 1;
K2 := 1;
K3 := 1;

Izris funkcij:
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gw0 = Plot@W0@tD, 8t, 0, 1<, PlotRange ® All, PlotLabel ® "W0",
Filling ® AxisD;

gw1 = Plot@W1@tD, 8t, 0, 1<, PlotRange ® All, PlotLabel ® "W1",
Filling ® AxisD;

gw2 = Plot@W2@tD, 8t, 0, 1<, PlotRange ® All, PlotLabel ® "W2",
Filling ® AxisD;

gw3 = Plot@W3@tD, 8t, 0, 1<, PlotRange ® All, PlotLabel ® "W3",
Filling ® AxisD;

GraphicsGrid@88gw0, gw1<, 8gw2, gw3<<D
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Aproksimacija signala na premaknjenem intervalu (naloga 1)

Naloga 1: 
Signal na sliki izrazite s pribli kom prvih tirih Walshevih temeljnih funkcij. 
Aproksimacijo signala skiciraj.
Kak na je razlika v napaki, e signal aproksimiramo samo s prvimi tremi Walshevimi 
funkcijami?

x@t_D :=

t - 1 0 < t £ 2

-t + 3 2 < t £ 4

0 True
;
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Plot@x@tD, 8t, 0, 4<, PlotRange ® AllD

1 2 3 4

-1.0

-0.5

0.5

1.0

Re itev:

ã Premaknjene Walsheve. t.f.

Poi emo preslikavo u: [0,4] ® [0,1]; u[t] = a*t+b

u@t_D :=
1

4
* t;

W0
` @t_D := W0@u@tDD;

W1
` @t_D := W1@u@tDD;

W2
` @t_D := W2@u@tDD;

W3
` @t_D := W3@u@tDD;

a =
1

4
;

K0
`

:=
K0

a

K1
`

:=
K1

a

K2
`

:=
K2

a

K3
`

:=
K3

a

9K0
`

, K1
`

, K2
`

, K3
` =

84, 4, 4, 4<
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C0 =
1

K0
` * à

0

4
x@tD * W0

` @tD ât

0

PlotA9x@tD * W0
` @tD=, 8t, 0, 4<, Filling ® AxisE

1 2 3 4
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C1 =
1

K1
` * à

0

4
x@tD * W1

` @tD ât

0

PlotA9x@tD * W1
` @tD=, 8t, 0, 4<, Filling ® AxisE

1 2 3 4
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-0.5

0.5

1.0
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C2 =
1

K2
` * à

0

4
x@tD * W2

` @tD ât

-

1

2

PlotA9x@tD * W2
` @tD=, 8t, 0, 4<, Filling ® Axis, PlotRange ® 880, 4<, 8-1, 1<<E

1 2 3 4

-1.0
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1.0

C3 =
1

K3
` * à

0

4
x@tD * W3

` @tD ât

0

PlotA9x@tD * W3
` @tD=, 8t, 0, 4<, Filling ® Axis, PlotRange ® 880, 4<, 8-1, 1<<E

1 2 3 4

-1.0

-0.5

0.0

0.5

1.0
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ã Izris aproksimiranega signala:

PlotA9C0 W0
` @tD + C1 W1

` @tD + C2 W2
` @tD + C3 W3

` @tD, x@tD=, 8t, 0, 4<,

Filling ® 81 ® 82<<E

1 2 3 4

-1.0

-0.5

0.5

1.0

ã Izra un razlike napake, e aproksimiramo s prvimi 4-imi W.t.f. ali pa samo s 3-mi 
W.t.f.

DΕ = Ε4 - Ε3 =
1

t2 - t1

* K3 * C3 * C3;

V na em primeru:

DΕ =
1

4
* 4 * 0 * 0

0
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Izra ava signalov 
s trigonometri nim temeljnimi funkcijami

Trigonometri ne temeljne funkcije

Definicija prvih nekaj funkcij

T0@t_D := 1;
T1@t_D := Sin@Ω * tD;
T2@t_D := Cos@Ω * tD;
T3@t_D := Sin@2 * Ω * tD;
T4@t_D := Cos@2 * Ω * tD;
T5@t_D := Sin@3 * Ω * tD;
T6@t_D := Cos@4 * Ω * tD;

Ω :=
2 * Π

T
;

Koeficienti:

K0 := T;
K1 := T � 2;
K2 := T � 2;
K3 := T � 2;
K4 := T � 2;

Izris funkcij:
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T = 4;
gw0 = Plot@T0@tD, 8t, 0, T<, PlotRange ® All, PlotLabel ® "T0",

Filling ® AxisD;
gw1 = Plot@T1@tD, 8t, 0, T<, PlotRange ® All, PlotLabel ® "T1",

Filling ® AxisD;
gw2 = Plot@T2@tD, 8t, 0, T<, PlotRange ® All, PlotLabel ® "T2",

Filling ® AxisD;
gw3 = Plot@T3@tD, 8t, 0, T<, PlotRange ® All, PlotLabel ® "T3",

Filling ® AxisD;
GraphicsGrid@88gw0, gw1<, 8gw2, gw3<<D
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Aproksimacija signala (naloga 2)

Naloga: 
Signal x(t) = Sin@ΠtD na intervalu [0,1] izrazite s pribli kom prvih tirih trigonometri nih 
temeljnih funkcij. 
Dolo ite e razliko v napako aproksimacije, e aproksimiramo samo s tremi trig. t.f. in 
skicirajte pribli ek.

x@t_D := Sin@Π * tD;
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Plot@x@tD, 8t, 0, 1<, PlotRange ® AllD

0.2 0.4 0.6 0.8 1.0

0.2

0.4

0.6

0.8

1.0

ã Re itev:

T = 1; Ω = 2 * Π;

K0 := 1;
K1 := 1 � 2;
K2 := 1 � 2;
K3 := 1 � 2;

C0 =
1

1
* à

0

1
Sin@Π * tD * 1 ât

2

Π

Plot@8x@tD * T0@tD<, 8t, 0, 1<, Filling ® AxisD

0.2 0.4 0.6 0.8 1.0

0.2

0.4

0.6

0.8

1.0
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C1 =
1

1

2

* à
0

1
Sin@Π * tD * Sin@2 * Π * tD ât

0

Plot@8x@tD * T1@tD<, 8t, 0, 1<, Filling ® AxisD

0.2 0.4 0.6 0.8 1.0

-0.5

0.5

C2 =
1

1

2

* à
0

1
Sin@Π * tD * Cos@2 * Π * tD ât

-
4

3 Π

Pomo pri izra unu koeficienta C2 :

Sin@ΑD * Cos@ΒD =
1

2
* Sin@Α + ΒD + Sin@Α - ΒD
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Plot@8x@tD * T2@tD<, 8t, 0, 1<, Filling ® AxisD

0.2 0.4 0.6 0.8 1.0

-1.0

-0.8

-0.6

-0.4

-0.2

0.2

C3 =
1

1

2

* à
0

1
Sin@Π * tD * Sin@3 * Π * tD ât

0

Plot@8x@tD * T3@tD<, 8t, 0, 1<, Filling ® AxisD

0.2 0.4 0.6 0.8 1.0

-0.5

0.5

28



ã Izris aproksimiranega signala:

Plot@8C0 T0@tD + C1 T1@tD + C2 T2@tD + C3 T3@tD, x@tD<, 8t, 0, 1<,
Filling ® 81 ® 82<<D

0.2 0.4 0.6 0.8 1.0

0.2

0.4

0.6

0.8

1.0

ã Izra un razlike napake, e aproksimiramo s prvimi 4-imi trig .t.f. ali pa samo s 3-mi 
trig.t.f.

DΕ = Ε4 - Ε3 =
1

t2 - t1

* K3 * C3 * C3;

V na em primeru:

DΕ =
1

1
*

1

2
* 0 * 0

0
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Fourierjeva vrsta

Kompleksna Fourierjeva vrsta

f@t_D := â
n=-¥

¥

Fn * Exp@ä * n * Ω * tD;

Ω :=
2 * Π

T
;

Fn :=
1

T
* à

t0

t0+T
f@tD * Exp@-ä * n * Ω * tD ât;

Realna Fourierjeva vrsta

f@t_D :=
a0

2
+ â

n=1

¥

an * Cos@n * Ω * tD + bn * Sin@n * Ω * tD;

Ω :=
2 * Π

T
;

an :=
2

T
* à

t0

t0+T
f@tD * Cos@n * Ω * tD ât;

bn :=
2

T
* à

t0

t0+T
f@tD * Sin@n * Ω * tD ât;

Amplitudni in fazni spekter

Fn = Pn + jQn = Fn * ejQn

ã Amplitudni spekter

Fn = Fn * Fn = Pn
2 + Qn

2 =
1

2
an

2 + bn
2
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ã Fazni spekter

Φn =
arctan Qn

Pn
Pn > 0

arctan Qn

Pn
± Π Pn < 0

=
-arctan bn

an
an > 0

-arctan bn

an
± Π an < 0

Naloga 1:

Naloga: 
Izrazi periodi no funkcijo f(t) s kompleksno F. v.
Dolo i tudi koeficiente realne F.v. ter zapi i realno vrsto. 
Na koncu dolo i in nari i tudi amplitudni in fazni spekter.

ã Signal:

x@t_D := ¶ A * Sin@Π * tD 0 < t < 1

0 True

A = 1; Plot@x@t - 1D + x@tD + x@t + 1D + x@t + 2D + x@t + 3D, 8t, -2.5, 1.5<,
PlotRange ® AllD

-2 -1 1

0.2

0.4

0.6

0.8

1.0

ã Re itev:

T = 1; Ω = 2 * Π;

Funkcija je soda: f(t)=f(-t). Fn=Pn+ä*Qn => Qn = 0. => Fn=Pn.
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Fn =
1

T
* à

t0

t0+T
x@tD * Cos@n * 2 * Π * tD ât

Izberemo t0 = 0.

Fn =
1

1
* à

0

1
A * Sin@Π * tD * Cos@n * 2 * Π * tD ât

=
2 A Cos@n ΠD2

Π - 4 n2 Π
=

2 A

Π I1 - 4 n2M

Pri izra unu integrala si pomagamo z:

à Sin@a * tD * Cos@b * tD ât

-

Cos@Ha - bL tD
2 Ha - bL

-

Cos@Ha + bL tD
2 Ha + bL

Kompleksna F. v. 

f@tD =
2 A

Π
â

n=-¥

¥ 1

I1 - 4 n2M
* Exp@ä * n * 2 * Π * tD;

Realna F. v. 

an = Fn + Fn =
4 A

I1 - 4 n2M Π
;

bn = ä * IFn - FnM = 0;

f@tD =
2 * A

Π
+

4 * A

Π
â
n=1

¥ 1

1 - 4 n2
* Cos@2 * n * Π * tD;

Amplitudni spekter: 

Fn =

2 A

I4 n2-1M Π
n ¹ 0

2*A

Π
n = 0

Fazni spekter: 
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Φn = ¶ ±Π n ¹ 0

0 n = 0

Zaradi realnega signala mora biti fazni spekter liha funkcija. Zato :

=

+Π n > 0

-Π n < 0

0 n = 0

33



Naloga 2:

Naloga: 
Razvij periodi ni signal f(t) v realno in kompleksno F.v.
Dolo i in nari i tudi amplitudni in fazni spekter.

ã Signal:

x@t_D :=
A

2*Π
* t 0 < t £ 2 Π

0 True
A > 0

A = 1; Plot@x@t + 4 * ΠD + x@t + 2 * ΠD + x@tD + x@t - 2 * ΠD, 8t, -15.5, 15.5<,
PlotRange ® All, Filling ® AxisD

-15 -10 -5 5 10 15

0.2

0.4

0.6

0.8

1.0

ã Re itev:

T = 2 * Π; Ω = 1;

Izberemo t0 = 0.

an =
2

2 * Π
* à

0

2*Π A

2 * Π
* t * Cos@n * Ω * tD ât

Pomagamo si z:
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à t * Cos@a * tD ât

Cos@a tD
a2

+

t Sin@a tD
a

a0 = A;
an = 0;

bn =
2

2 * Π
* à

0

2*Π A

2 * Π
* t * Sin@n * Ω * tD ât

Pomagamo si z:

à t * Sin@a * tD ât

-

t Cos@a tD
a

+

Sin@a tD
a2

b0 = 0;

bn =
A

-Π * n
;

Realna F. v. 

f@tD =
A

2
-

A

Π
â
n=1

¥ 1

n
* Sin@n * tD;

Preverimo, kako je v to kah nezveznosti :

f@2 * k * ΠD =
A

2
-

A

Π
â
n=1

¥ 1

n
* Sin@n * 2 * k * ΠD =

A

2

Kompleksna F. v. 

Pomagamo si z :

Fn =
an - ä * bn

2
, in F-n = Fn, ker je vhodni signal realen.

Fn =

ä*A

2*Π*n
n ¹ 0

A

2
n = 0

Amplitudni spekter: 

35



Amplitudni spekter: 

Fn =

A

2*Π* n
n ¹ 0

A

2
n = 0

Fazni spekter: 

Φn =
± Π

2
n ¹ 0

0 n = 0

Zaradi realnega signala mora biti fazni spekter liha funkcija. Zato :

=

+ Π

2
n > 0

- Π

2
n < 0

0 n = 0
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Naloga 3:

Naloga: 
Izrazi periodi no funkcijo f(t) s kompleksno F. v.
Dolo i tudi koeficiente realne F.v. ter zapi i realno vrsto. 
Na koncu dolo i in nari i tudi amplitudni in fazni spekter.

ã Signal:

f@t_D := SinB
Π * t

4
+

Π

4
F;

ã Re itev:

Adicijski izrek:

f@tD = SinB
Π * t

4
F * CosB

Π

4
F + CosB

Π * t

4
F * SinB

Π

4
F

Ω =
Π

4
=

2 * Π

T
= > T = 8

Realna F. v. 

a0 = 0

a1 = SinB
Π

4
F =

2

2

b1 = CosB
Π

4
F =

2

2
an = bn = 0, n > 1

Kompleksna F. v. 

Ker velja:

Fn =
an - ä * bn

2
, in F-n = Fn, ker je vhodni signal realen.

37



F1 =
a1 - j * b1

2
=

SinB Π

4
F - j * CosB Π

4
F

2
=

-
j

2
KCosB

Π

4
F + j * SinB

Π

4
FO = -

j

2
ExpBj *

Π

4
F

F-1 = F1 =
j

2
ExpBj *

Π

4
F

Amplitudni spekter: 

Fn =

1

2
n = 1

1

2
n = -1

0 n ¹ ±1

Fazni spekter: 

Φn =

+ Π

4
n = -1

- Π

4
n = 1

0 n ¹ ±1
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Vpliv premika osnovnega signala na Fourierjevo vrsto

e so F @nD koeficienti F.v. signala f[t], kako je s premaknjenim signalom f[t - t1]?
  
Ozna imo s F1@nD koeficiente F. v. signala f[t - t1].

Velja :
F1@nD = ã-jnΩt1 * F@nD

Sledi :
F1@nD = F@nD

Φ1@nD = Φ@nD - nΩt1

Naloga 1:

Naloga: 
Izrazi periodi no funkcijo f(t) s kompleksno F. v.
Dolo i tudi koeficiente realne F.v. ter zapi i realno vrsto. 
Na koncu dolo i in nari i tudi amplitudni in fazni spekter.

ã Signal:

f@t_D := SinB
Π * t

4
+

Π

4
F;

ã Re itev:

Zgornji signal lahko razumemo kot premaknjen osnovni signal:

f1@tD = SinB
Π * t

4
F

f@tD = f1@t - t1D,

pri tem je
Π * t

4
+

Π

4
=

Π * Ht - t1L
4

,

sledi t1 = -1

Ω =
Π

4
=

2 * Π

T
= > T = 8

Realna F. v. f1 
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a0 = 0
a1 = 0
b1 = 1
an = bn = 0, n > 1

Kompleksna F. v. f1

Ker velja:

F1@nD =
an - j * bn

2
, in F-n = Fn,

ker je vhodni signal realen.

F1@1D =
a1 - j * b1

2
=

-j

2

F1@-1D = F1@1D =
j

2

Kompleksna F. v. f

Upo tevamo premik f@tD = f1@t -t1D, t1 = -1

F@1D = ã-jnΩt1 * F1@1D =
-j

2
* ã

-j
Π
4

H-1L
=

-j

2
* ã

j
Π
4

F@-1D = ã-jnΩt1 * F1@-1D =
j

2
* ã

-j
Π
4

H-1L
=

j

2
* ã

j
Π
4

Realna F. v. f  

F@1D =
-j

2
* ã

j
Π
4 =

-j

2
* KCosB

Π

4
F + j * SinB

Π

4
FO =

2

4
- j *

2

4

F@-1D =
2

4
+ j *

2

4

a0 = 0

a1 = F@1D + F@1D =
2

4
- j *

2

4
+

2

4
+ j *

2

4
=

2

2

b1 = j IF@1D - F@1DM = j
2

4
- j *

2

4
-

2

4
- j *

2

4
= j -j

2

2
=

2

2

an = bn = 0, n > 0

Amplitudni spekter: 
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Amplitudni spekter: 

Fn =

1

2
n = 1

1

2
n = -1

0 n ¹ ±1

Fazni spekter: 

Φn =

+ Π

4
n = -1

- Π

4
n = 1

0 n ¹ ±1
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Avtokorelacija periodi nih signalov

jii@ΤD =
1

T
à

t0

t0+T
fi@tD * fi@t + ΤD ât

Naloga 1:

Naloga: 
Za periodi ni signal f1(t) dolo i avtokorelacijo in skiciraj nejen potek.

ã Signal:

Plot@f1@tD + f1@t + 3D + f1@t - 3D, 8t, -4.5, 4.5<, PlotRange ® All,
Filling ® AxisD

-4 -2 2 4

-1.0

-0.5

0.5

1.0

f1@t_D :=

-1 -1 £ t £ 0

1 0 £ t £ 1

0 1 £ t < 2

0 True

ã Re itev

Zaradi periodi nosti avtokorelacije ra unamo za premike samo ene periode.

T = 3;

0 £ Τ £ 1
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j11 =
1

3
à

-1

-Τ
H-1L * H-1L ât + à

-Τ

0
H-1L * H1L ât + à

0

1-Τ
H1L * H1L ât

1

3
H2 - 3 ΤL

1 £ Τ £ 2

j11 =
1

3
à

-1-Τ

-2
H1L * H-1L ât + à

-2

-Τ
H0L * H-1L ât + à

-Τ

-1
H0L * H1L ât + à

-1

1-Τ
H-1L * H1L ât

-
1

3

2 £ Τ £ 3

j11 =
1

3
à

-1-Τ

-3
H-1L * H-1L ât + à

-3

-Τ
H1L * H-1L ât + à

-Τ

-2
H1L * H1L ât + à

-2

1-Τ
H0L * H1L ât

1

3
H-7 + 3 ΤL

Nari emo. Avtokorelacija mora biti zvezna in periodi na funkcija!!!

j11@Τ_D :=

1

3
* H2 - 3 ΤL 0 £ Τ £ 1

- 1

3
1 £ Τ £ 2

1

3
* H-7 + 3 ΤL 2 £ Τ £ 3

0 True
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Plot@j11@ΤD + j11@Τ + 3D + j11@Τ - 3D, 8Τ, -4.5, 4.5<D

-4 -2 2 4

-0.2

0.2

0.4

0.6
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Naloga 2:

Naloga: 
Za periodi ni signal f1(t) dolo i avtokorelacijo in skiciraj nejen potek.

ã Signal:

Plot@f1@tD + f1@t + 3D + f1@t + 6D + f1@t - 3D + f1@t - 6D, 8t, -2, 6<,
PlotRange ® All, Filling ® AxisD

-2 2 4 6

0.5

1.0

1.5

2.0

f1@t_D :=

2 1 < t £ 2

1 2 < t £ 3

0 True

ã Re itev

Zaradi periodi nosti avtokorelacije ra unamo za premike samo ene periode.

T = 3;

0 £ Τ £ 1

j11 =
1

3
* à

1

2-Τ
2 * 2 ât + à

2-Τ

2
2 * 1 ât + à

2

3-Τ
1 * 1 ât

1

3
H1 + 4 H1 - ΤL + ΤL

1

3
H5 - 3 ΤL
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1 £ Τ £ 2

j11 =
1

3
* à

1-Τ

0
1 * 2 ât + à

1

3-Τ
2 * 1 ât

1

3
H2 H2 - ΤL + 2 H-1 + ΤLL

2

3

2 £ Τ £ 3

j11 =
1

3
* à

1-Τ

-1
2 * 2 ât + à

-1

2-Τ
1 * 2 ât + à

2-Τ

0
1 * 1 ât

1

3
H-2 + 2 H3 - ΤL + 4 H-2 + ΤL + ΤL

1

3
H-4 + 3 ΤL

Nari emo. Avtokorelacija mora biti zvezna in periodi na funkcija!!!

j11@Τ_D :=

1

3
H5 - 3 ΤL 0 £ Τ £ 1

2

3
1 £ Τ £ 2

1

3
H-4 + 3 ΤL 2 £ Τ £ 3

0 True
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Plot@j11@ΤD + j11@Τ + 3D + j11@Τ - 3D, 8Τ, -4.5, 4.5<D

-4 -2 2 4

0.5

1.0

1.5

ã Izra un avtokorelacije premaknjenega signala

f2@t_D := f1@t + 1D

Plot@f2@tD + f2@t + 3D + f2@t + 6D + f2@t - 3D + f2@t - 6D, 8t, -2.5, 6<,
PlotRange ® All, Filling ® AxisD

-2 2 4 6

0.5

1.0

1.5

2.0

0 £ Τ £ 1
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j11 =
1

3
* à

0

1-Τ
2 * 2 ât + à

1-Τ

1
2 * 1 ât + à

1

2-Τ
1 * 1 ât

1

3
H1 + 4 H1 - ΤL + ΤL

1

3
H5 - 3 ΤL

1 £ Τ £ 2

j11 =
1

3
* à

-Τ

-1
1 * 2 ât + à

0

2-Τ
2 * 1 ât

1

3
H2 H2 - ΤL + 2 H-1 + ΤLL

2

3

2 £ Τ £ 3

j11 =
1

3
* à

-Τ

-2
2 * 2 ât + à

-2

1-Τ
1 * 2 ât + à

1-Τ

-1
1 * 1 ât

1

3
H-2 + 2 H3 - ΤL + 4 H-2 + ΤL + ΤL

1

3
H-4 + 3 ΤL

Avtokorelacija je enaka kot zgoraj.
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Fourierjeva transformacija

F@ΩD = à
-¥

¥
f@tD * ã-äΩt ât

Naloga 1:

Naloga: 
Izra unaj kompleksni spekter ter spekter amplitudne in fazne gostote za signal:

ã Signal:

f@t_D := ¶ B * ã-a*t t ³ 0
0 True

B = 2; a = 1; Plot@f@tD, 8t, -2.0, 4.5<, PlotRange ® All, Filling ® AxisD

-2 -1 1 2 3 4

0.5

1.0

1.5

2.0

ã Fourierjeva transformacija

F HΩL = à
-¥

¥
fHtL * ã-äΩt ât = à

0

¥
B * ã-a*t * ã-äΩt ât

= B * à
0

¥
ã-HäΩ+aL t ât = B *

ã-HäΩ+aL t

-HäΩ + aL
¥
0

=

=
B

äΩ + a
=

B Ha - äΩL
a2 + Ω2
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ã Spekter amplitudne gostote

F HΩL =
Ba

a2 + Ω2

2
+

BΩ

a2 + Ω2

2
=

=
B2 Ia2 + Ω2M

Ia2 + Ω2M2
=

B

a2 + Ω2

ã Spekter fazne gostote

Q HΩL = ATanB
-BΩ

a2+Ω2

Ba

a2+Ω2

F = -ATanB
Ω

a
F
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Izra un Fourierjeve  transformacije delta funkcije

Naloga: 
Izra unaj kompleksni spekter ter spekter amplitudne in fazne gostote za signal:

ã Signal:

b@t_D :=
E -b

2
£ t £ b

2

0 True

Pri emer velja : E, b > 0 in E*b = 1.

E = 1; b = 1; Plot@b@tD, 8t, -2.0, 2.0<, PlotRange ® All, Filling ® AxisD

-2 -1 1 2

0.2

0.4

0.6

0.8

1.0

ã Fourierjeva transformacija (funkcija je soda)

F HΩL = 2 * à
0

b�2
E * Cos@Ω * tD ât

=
2 * E

Ω
Sin@ΩtD b � 2

0
=

=
2 * E

Ω
* SinB

Ωb

2
F = Lep e zapi emo =

= E * b *
SinB Ωb

2
F

Ωb

2

=
SinB Ωb

2
F

Ωb

2

= P HΩL
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ã Spekter amplitudne gostote

F HΩL = E * b *
SinB Ωb

2
F

Ωb

2

ã Spekter fazne gostote

Kjer je P HΩL > 0, je Q HΩL = 0;
Sicer pa je ± Π.

Da bo fazni spekter liha funkcija se odlo imo, da bo
pri Ω < 0 in P HΩL < 0 , Q HΩL = -Π
pri Ω > 0 in P HΩL < 0 , Q HΩL = +Π
pri P HΩL > 0, Q HΩL = 0

ã Izpeljava tipalne funkcije ∆(t)

∆ HtL := lim
b®0, Eb=1

b HtL

lim
b®0, Eb=1

F HΩL = 1

Iz tega sledi, da je Fourierjeva transformacija  delta funkcije ∆ (t) enaka 1.
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Lastnosti Fourierjeve transformacije

Linearnost

F (Α f(t) + Β g(t) ) = Α F(Ω) + Β G(Ω)

Premik

F (f(t - t0)) = F(Ω)ã-jΩt0

F -1(F(Ω - Ω0)) = f(t)ãjΩ0 t

Modulacija

f(t) = g(t) * cos(Ω0 t) = g(t) *[ 1

2
IãjΩ0 t + ã-jΩ0 t M]

F(Ω) = 1

2
@GHΩ + Ω0L + GHΩ - Ω0LD

f(t) = g(t) * sin(Ω0 t) = g(t) *[ - j

2
IãjΩ0 t - ã-jΩ0 t M]

F(Ω) = j

2
@GHΩ + Ω0L - GHΩ - Ω0LD

Lastnosti odvoda

F ( dn f HtL
dtn

) = HjΩLn F(Ω)

Odvodi v to kah nezveznosti
dfHtL
dt

t=t0
 = ∆(t - t0) @f +Ht0L - f -Ht0LD

Ker velja F (a ∆(t - t0)) = a ã-jΩt0, sledi:

F ( dfHtL
dt

t=t0
) = ã-jΩt0@f +Ht0L - f -Ht0LD

Naloga 1: 

Naloga: 
Izra unaj kompleksni spekter ter spekter amplitudne in mo nostne gostote za signal
podan na sliki:
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ã Signal:

Plot@f@tD, 8t, -2.0, 2.0<, PlotRange ® All, Filling ® AxisD

-2 -1 1 2

-1.0

-0.5

0.5

1.0

f@t_D :=

t + 2 -2 £ t £ -1

-t -1 £ t £ 1

t - 2 1 £ t £ 2

0 True

ã Fourierjeva transformacija (z odvajanjem)

d2 fHtL
dt2

= ∆ Ht + 2L@1 - 0D + ∆ Ht + 1L@-1 - 1D +

∆ Ht - 1L@1 + 1D + ∆ Ht - 2L@0 - 1D

d2 f HtL
dt2

= ∆Ht + 2L - 2 ∆Ht + 1L + 2 ∆Ht - 1L - ∆Ht - 2L

Izra unamo F.t. leve in desne strani: 

HjΩL2 F HΩL = Iãj2Ω - 2 ãjΩ + 2 ã-jΩ - ã-j2ΩM

F HΩL = -
1

Ω2
Iãj2Ω - 2 ãjΩ + 2 ã-jΩ - ã-j2ΩM

ã Spekter amplitudne gostote

Pomagamo si s pravilom :

-
2

j
sinHzL = ãjz - ã-jz ALI 2 cosHzL = ãjz + ã-jz

F HΩL = -
1

Ω2
-

2

j
sinH2 ΩL +

4

j
sin HΩL
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F HΩL = -
2

Ω2
HsinH2 ΩL - 2 sin HΩLL

F HΩL =
2

Ω2
sinH2 ΩL - 2 sin HΩL

ã Spekter mo nostne gostote

F HΩL 2 =
4

Ω4
HsinH2 ΩL - 2 sin HΩLL2

Naloga 2: 

Naloga: 
Izra unaj kompleksni spekter ter spekter amplitudne in mo nostne gostote za signal
podan na sliki:

ã Signal:

Plot@f@tD, 8t, -2.0, 2.0<, PlotRange ® All, Filling ® AxisD

-2 -1 1 2

0.5

1.0

1.5

2.0

f@t_D :=

2 * t + 4 -2 £ t £ -1

2 -1 £ t £ 1

-2 * t + 4 1 £ t £ 2

0 True

ã Fourierjeva transformacija (z odvajanjem)

d2 fHtL
dt2

= ∆ Ht + 2L@2 - 0D + ∆ Ht + 1L@0 - 2D +

∆ Ht - 1L@-2 - 0D + ∆ Ht - 2L@0 - H-2LD

55



d2 f HtL
dt2

= 2 H∆Ht + 2L - ∆Ht + 1L - ∆Ht - 1L + ∆Ht - 2LL

Izra unamo F.t. leve in desne strani: 

HjΩL2 F HΩL = 2 Iãj2Ω - ãjΩ - ã-jΩ + ã-j2ΩM

F HΩL = -
2

Ω2
Iãj2Ω + ã-j2Ω - ãjΩ - ã-jΩM

ã Spekter amplitudne gostote

Pomagamo si s pravilom :

-
2

j
sinHzL = ãjz - ã-jz ALI 2 cosHzL = ãjz + ã-jz

F HΩL = -
2

Ω2
H2 cosH2 ΩL - 2 cos HΩLL

F HΩL = -
4

Ω2
HcosH2 ΩL - cos HΩLL

F HΩL =
4

Ω2
cosH2 ΩL - cos HΩL

ã Spekter mo nostne gostote

F HΩL 2 =
16

Ω4
HcosH2 ΩL - cos HΩLL2
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Linearni stacionarni sistemi

Naloga 1: 

Naloga: 
Izra unaj izhod LSS sistema s prevajalno funkcijo h(t) in vhodnim signalom u(t):

ã Prevajalna funkcija LSS:

Plot@h@tD, 8t, -0.5, 3.0<, PlotRange ® All, Filling ® AxisD

-0.5 0.5 1.0 1.5 2.0 2.5 3.0

0.2

0.4

0.6

0.8

1.0

h@t_D := ¶ Exp@-tD t ³ 0

0 True
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ã Vhodni signal:

Plot@u@tD, 8t, -0.5, 3.0<, PlotRange ® All, Filling ® AxisD

-0.5 0.5 1.0 1.5 2.0 2.5 3.0

0.2

0.4

0.6

0.8

1.0

u@t_D := ¶ 1 t ³ 0

0 True

ã Konvolucija:

y HtL = à
-¥

¥
uHΤL hHt - ΤL âΤ

ã Za interval t < 0:

t = -
1

4
; Plot@8h@t - ΤD, u@ΤD<, 8Τ, -1.5, 3.0<, PlotRange ® All,

Filling ® AxisD

-1 1 2 3

0.2

0.4

0.6

0.8

1.0

y = 0;
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ã Za interval t ³ 0:

t =
3

4
; Plot@8h@t - ΤD, u@ΤD<, 8Τ, -1.5, 3.0<, PlotRange ® All,

Filling ® AxisD

-1 1 2 3

0.2

0.4

0.6

0.8

1.0

y = à
0

t
1 * HExp@-Ht - ΤLDL âΤ

1 - ã-t

ã Skica izhodnega signala y(t)

y@t_D := ¶ 1 - ã-t t ³ 0
0 True

Plot@y@tD, 8t, -0.5, 5.0<, PlotRange ® All, Filling ® AxisD

1 2 3 4 5

0.2

0.4

0.6

0.8

1.0

Naloga 2: 
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Naloga 2: 

Naloga: 
Izra unaj izhod LSS sistema s prevajalno funkcijo h(t) in vhodnim signalom u(t):

ã Prevajalna funkcija LSS:

Plot@h@tD, 8t, -0.5, 3.0<, PlotRange ® All, Filling ® AxisD

-0.5 0.5 1.0 1.5 2.0 2.5 3.0

0.2

0.4

0.6

0.8

1.0

h@t_D := ¶ Exp@-tD t ³ 0

0 True

ã Vhodni signal:

Plot@u@tD, 8t, -0.5, 5.0<, PlotRange ® All, Filling ® AxisD

1 2 3 4 5

0.2

0.4

0.6

0.8

1.0
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u@t_D := ¶ 1 0 £ t £ 3

0 True

ã Konvolucija:

y HtL = à
-¥

¥
uHΤL hHt - ΤL âΤ

ã Za interval t < 0:

t = -
1

4
; Plot@8h@t - ΤD, u@ΤD<, 8Τ, -1.5, 4.0<, PlotRange ® All,

Filling ® AxisD

-1 1 2 3 4

0.2

0.4

0.6

0.8

1.0

y = 0;
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ã Za interval 0 £ t £ 3:

t =
3

4
; Plot@8h@t - ΤD, u@ΤD<, 8Τ, -1.5, 4.0<, PlotRange ® All,

Filling ® AxisD

-1 1 2 3 4

0.2

0.4

0.6

0.8

1.0

y = à
0

t
1 * HExp@-Ht - ΤLDL âΤ

1 - ã-t

ã Za interval t ³ 3:

t = 4; Plot@8h@t - ΤD, u@ΤD<, 8Τ, -1.5, 4.0<, PlotRange ® All,
Filling ® AxisD

-1 1 2 3 4

0.2

0.4

0.6

0.8

1.0
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y = à
0

3
1 * HExp@-Ht - ΤLDL âΤ

ã-t I-1 + ã3M

ã Skica izhodnega signala y(t)

y@t_D :=

1 - ã-t 0 £ t £ 3

ã-t I-1 + ã3M t ³ 3

0 True

Plot@y@tD, 8t, -0.5, 5.0<, PlotRange ® All, Filling ® AxisD

1 2 3 4 5

0.2

0.4

0.6

0.8
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Naloga 2: 

Naloga: 
Izra unaj izhod LSS sistema s prevajalno funkcijo h(t) in vhodnim signalom u(t):

ã Prevajalna funkcija LSS:

Plot@h@tD, 8t, -0.5, 1.5<, PlotRange ® All, Filling ® AxisD

-0.5 0.5 1.0 1.5

0.2

0.4

0.6

0.8

1.0

h@t_D :=

2 t 0 £ t £ 1 � 2

-2 t + 2 1 � 2 £ t £ 1

0 True

ã Vhodni signal:

Plot@u@tD, 8t, -0.5, 1.5<, PlotRange ® All, Filling ® AxisD

-0.5 0.5 1.0 1.5

0.2

0.4

0.6

0.8

1.0
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u@t_D := ¶ 1 0 £ t £ 1

0 True

ã Konvolucija:

y HtL = à
-¥

¥
uHΤL hHt - ΤL âΤ

ã Za interval t < 0:

t = -
1

4
; Plot@8h@t - ΤD, u@ΤD<, 8Τ, -1.5, 1.5<, PlotRange ® All,

Filling ® AxisD

-1.5 -1.0 -0.5 0.5 1.0 1.5

0.2

0.4

0.6

0.8

1.0

y = 0;
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ã Za interval 0 £ t £ 1

2
:

t =
1

4
; Plot@8h@t - ΤD, u@ΤD<, 8Τ, -1.5, 1.5<, PlotRange ® All,

Filling ® AxisD

-1.5 -1.0 -0.5 0.5 1.0 1.5

0.2

0.4

0.6

0.8

1.0

y = à
0

t
1 * H2 * Ht - ΤLL âΤ

t2

ã Za interval  1

2
 £ t £ 1:

t =
3

4
; Plot@8h@t - ΤD, u@ΤD<, 8Τ, -1.5, 1.5<, PlotRange ® All,

Filling ® AxisD

-1.5 -1.0 -0.5 0.5 1.0 1.5

0.2

0.4

0.6

0.8

1.0
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y = à
0

t-
1
2 1 * H-2 * Ht - ΤL + 2L âΤ +

1

4

-

1

2
+ 2 t - t2

ã Za interval  1 £ t £ 3

2
:

t =
5

4
; Plot@8h@t - ΤD, u@ΤD<, 8Τ, -1.5, 1.5<, PlotRange ® All,

Filling ® AxisD

-1.5 -1.0 -0.5 0.5 1.0 1.5

0.2

0.4

0.6

0.8

1.0

y =
1

4
+ à

t-
1
2

1
1 * H2 * Ht - ΤLL âΤ

-

1

2
+ 2 t - t2
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ã Za interval  3

2
 £ t £ 2:

t =
7

4
; Plot@8h@t - ΤD, u@ΤD<, 8Τ, -1.5, 1.5<, PlotRange ® All,

Filling ® AxisD

-1.5 -1.0 -0.5 0.5 1.0 1.5

0.2

0.4

0.6

0.8

1.0

y = à
t-1

1
1 * H-2 * Ht - ΤL + 2L âΤ

4 - 4 t + t2

ã Za interval  t ³ 2:

t =
9

4
; Plot@8h@t - ΤD, u@ΤD<, 8Τ, -0.5, 2.5<, PlotRange ® All,

Filling ® AxisD

-0.5 0.5 1.0 1.5 2.0 2.5

0.2

0.4

0.6

0.8

1.0
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y = 0

ã Skica izhodnega signala y(t)

y@t_D :=

t2 0 £ t £ 1 � 2

- 1

2
+ 2 t - t2 1 � 2 £ t £ 1

- 1

2
+ 2 t - t2 1 £ t £ 3 � 2

4 - 4 t + t2 3 � 2 £ t £ 2
0 True

Plot@y@tD, 8t, -0.5, 2.5<, PlotRange ® All, Filling ® AxisD

-0.5 0.5 1.0 1.5 2.0 2.5

0.1

0.2

0.3

0.4

0.5

69



Diskretna Fourierjeva transformacija

Definicija:

Imamo vzor eni signal f HtL :
8f HnTL< = 8f H0L, f HTL, f H2 TL, f H3 TL, ... , f HHN - 1L TL<,

1 � T je frekvenca vzor enja

Diskretna Fourierjeva transformacija signala HDFTL je :

FD HkWL = â
n=0

N-1

f HnTL ã-jnTkW k = 0, 1, 2, …, N - 1

N tevilo vzorcev
W = H2 ΠL � NT razmik med vzorci v frek. prostoru

Zveza s Fourierjevo transformacijo

F HΩL Ω = kW U T × FD HkWL

Inverzna DFT HIDFTL :

f HnTL = 1 � N â
k=0

N-1

FD HkWL EjnTkW n = 0, 1, 2, ... , N - 1

ã Prevajanje signalov skozi LSS:

Kako iz disretnega vhodnega signala u HnTL in izhodnega
signala y HnTL dobimo prevajalno funkcijo sistema h HnTL ?

Ker velja :

Y HΩL = H HΩL × U HΩL � H HΩL =
YHΩL
UHΩL
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V diskretnem primeru to pomeni :

H HΩL Ω = kW =
YHΩL
UHΩL Ω = kW U

YDHkWL
UDHkWL

in velja :

HDHkWL U

1

T
HHΩL Ω = kW U

1

T
×

YDHkWL
UDHkWL

Da dobimo h HnTL pa izra unamo inverzno DFT :

hHnTL =
1

N
â
k=0

N-1

HDHkWL ãjnTkW

Naloga 1: 

Naloga: 
DFT vhodnega signala u(t) v linearni stacionarni sistem je: {UD(kW)} = {2, 1+j, 1, 1-j}.
DFT odziva sistema y(t) na ta vhodni signal pa je: {YD(kW)} = {2, -2j, -1, 2j}.
Pri dolo itvi obeh DFT smo signala vzor ili s asovnim presledkom T = 1.

a) Dolo i pribli no vrednost aplitudnega in faznega spektra 
    prevajalne funkcije pri Ω = Π

2
. 

b) Dolo i pribli no vrednost odziva sistema na enotin impulz pri t = 1.

ã Re itev a):

Najprej izra unamo :

W =
2 Π

NT
=

2 Π

4 * 1
=

Π

2
.

Ker je Ω =
Π

2
, sledi :

Ω = 1 * W Þ k = 1

HD HkWL =
1

T

YD HkWL
UD HkWL

8HD HkWL< = :1 ,
-2 j

1 + j
,

-1

1
,

2 j

1 - j
> = 81 , -1 - j, -1, -1 + j<
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Ker velja :
F HΩL Ω=kW U T FD HkWL

To v na em primeru pomeni :

H K
Π

2
O U 1 * HD H1L = -1 - j

Amplitudni in fazni spekter sta :

H K
Π

2
O = 1 + 1 = 2

ΦH K
Π

2
O = ± Π + arctg

-1

-1
= ±Π +

Π

4
= -

3 Π

4

ã Re itev b):

Iz aL smo e izra unali :

8HD HkWL< = 81 , -1 - j, -1, -1 + j<

Potrebno je izra unati inverzno DFT za HD pri t = 1.

Ker je t = 1 in velja t = nT, sledi n * 1 = 1, ali n = 1.

h H1L U

1

N
â
k=0

N-1

HD HkWL * ãjkWnT

=
1

4
â
k=0

3

HD HkWL * ãjkW*1

=
1

4
* B1 + H -1 - jL ãj Π

2 - 1 * ãjΠ + H-1 + jL ãj 3 Π
2 F

=
1

4
* @1 + H -1 - jL * j - 1 * H-1L + H-1 + jL * H-jLD

=
1

4
* @1 - j + 1 + 1 + j + 1D

=
1

4
* @ 4D

= 1
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