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0 Oplioudeg
e Mepioxr) cUYKAIONG Tou JeTacxnuarnopou Laplace
e YroAoyIGuOG Tou avTIoTpOPOU ETAoXNUaTiouoU Laplace

e [316TNTEC TOU pETaoXNUATIoUoU Laplace

e AvAAUON Kal XapaKTNEICHOCS . X.A. CUCTNUATWY XENOILOMOIWVTAG TO
petraoxnuanopod Laplace

@ FewUETPIKOS UMOAOYICHOG ToU eTaocxnuanouou Fourier and 1o didypauua
NOAWV-PUNJEVIKWV
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Opiouodg

Avaykaidotnta JeAETNG

@ O peraoxnuanoudg Fourier eival Xprioluo epyaleio otnv avaAaucn onPATwY
Kal oucTNEATwy. ‘Otav Opwg To onpa dev éxel yetaocxnuarocuod Fourier,
10TE UNAPXEl MPOBANUA.
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Kal oucTNEATwy. ‘Otav Opwg To onpa dev éxel yetaocxnuarocuod Fourier,
10TE UNAPXEl MPOBANUA.

@ lvwpiloupe o1 yia va opileral o yetaoxnuanoudg Fourier 1o orjua npénel
va eival anoAUTwG OAOKANPWOIUO, M.X. VA eival Orua evépyeiag,.
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@ lvwpiloupe o1 yia va opileral o yetaoxnuanoudg Fourier 1o orjua npénel
va eival anoAUTwG OAOKANPWOIUO, M.X. VA eival Orua evépyeiag,.

o Eidape én yia 1a orpara u(t) kar sgn(t) kaBwg kai yia TG NePIOdIKES
OUVAPTNOEIG 0 JeETaoxnuaTiouds Fourier dev opiotnke aneuBeiag, ara
anodo6Bnke PYetaoxnuanoudg Fourier ye xprion YEVIKEUUEVWY
OUVAPTHOEWV.
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Opiouodg

Avaykaidotnta JeAETNG

@ O peraoxnuanoudg Fourier eival Xprioluo epyaleio otnv avaAaucn onPATwY
Kal oucTNEATwy. ‘Otav Opwg To onpa dev éxel yetaocxnuarocuod Fourier,
10T€ UNGPXEI NPOBANUA.

@ lvwpiloupe o1 yia va opileral o yetaoxnuanoudg Fourier 1o orjua npénel
va eival anoAUTwG OAOKANPWOIUO, M.X. VA eival Orua evépyeiag,.

@ Eidape 6m yia 1a orjuara u(t) kai sgn(t) kabwg Kal yia TiG NEPIOSIKEG
OUVAPTNOEIG 0 JeETaoxnuaTiouds Fourier dev opiotnke aneuBeiag, ara
anodo6Bnke PYetaoxnuanoudg Fourier ye xprion YEVIKEUUEVWY
OUVAPTHOEWV.

@ [Mpokunrel apiacta N avAykn va PYeAeTnBei o petaoxnuanoudg Laplace, o
onoiog opileTal yia Ta NPoavapePBEVTIa cruara.
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Opiouodg

Ain\eupog petaoxnuanopog (1)

@ Eicdyetal yéoa oTo OAOKANPWUA TOU OPICHOU Tou heTacxnuarnopou Fourier
€vag anooBevVUEVOG EKBETIKOG NAPAyovVIag e 0t pe o > 0 o onoiog
noAMaracidleral ye 1o ofjua x(1), €101 oTe 1o MpokUMToV oA
x(1) e 71 va siaBérel KOAWG OPICHEVO PeTaoxnuanoud Fourier.
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Opiouodg

Ain\eupog petaoxnuanopog (1)

@ Eicdyetal yéoa oTo OAOKANPWUA TOU OPICHOU Tou heTacxnuarnopou Fourier
€vag anooBevVUEVOG EKBETIKOG NAPAyovVIag e 0t pe o > 0 o onoiog
noAMaracidleral ye 1o ofjua x(1), €101 oTe 1o MpokUMToV oA
x(1) e 71 va siaBérel KOAWG OPICHEVO PeTaoxnuanoud Fourier.

@ Tourto enmuyxavertal av

/ Ix(t) e df:/ Ix(1)| e 7" at < oo. )

—00 —00
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Opiouodg

Ain\eupog petaoxnuanopog (1)

@ Eicdyetal yéoa oTo OAOKANPWUA TOU OPICHOU Tou heTacxnuarnopou Fourier
€évag anooBevUPeEVOG ekBETIKOG NapAyovTag e of pye o > 0 o onoiog
noAMaracidleral ye 1o ofjua x(1), €101 oTe 1o MpokUMToV oA
x(1) e 71 va siaBérel KOAWG OPICHEVO PeTaoxnuanoud Fourier.

@ Tourto enituyxdaverai av

/ x(1) =" df:/ Ix(t)] e at < . M

—00 —00

@ To yevikeupévo ohokNpwia omnv (1) eival ppaypévo yia x(1) = u(t),
x(t) = tu(t), onolodrnore MOAUMVUPO WG MPOG 1 Mou eival undév yia
t < 0 eite yia autavopeva ekBeTIkd onuara, Adyw TnG Napouciag Tou
napdyovia cUYKAIGNG e Ot
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Opiouodg

AiM\eupog PeETAoXNUATIONOS (2)

@ O peraoxnuatoudg Fourier Tou Tpononoinuévou onuarog divetal and v

f{e_"’ x(f)} = / x(t)e 7" e M at = / x(t) e~ O gt

—00 —00

= X(o+jw) @)}
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Opiouodg

AiM\eupog PeETAoXNUATIONOS (2)

@ O peraoxnuatoudg Fourier Tou Tpononoinuévou onuarog divetal and v

—00 —00

f{e_"’ x(f)} = / x(t)e 7" e M at = / x(t) e~ O gt
= X(o+jw) (@)

@ ©¢étoupe s = 0 + jw. H petaBAn s Aéyetal Liyadikr) cuxvotnta (complex
frequency). Tote o euBUc dINAeUPOG PETAoXNUATIONOG Laplace opiletal
WG

A oo
X(s) = / x(t) e * dt. ©)
— 0o
levika Ba undpxer pia neploxi TRWV Tou o = Re{s} kal enopévwg pia
MepIoXr Tou s OTo PIyadikd eninedo yia Ty oroia o X(s) undpxel.
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Opiouodg

AiMA\eupog petacxnuanousg (3)

@ AG NAPOUE TWPA TOV AVTIOTPOPO WETaoXnUAanoud Fourier ng X (o + jw)

oo
x(he ™™ = — X (o + jw) & dw =
21 J_
1 > ; (o+jw)t
x(t) = Xi(o + jw) e quw. ey

21 J oo
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Opiouodg

AiMA\eupog petacxnuanousg (3)

@ AG NAPOUE TWPA TOV AVTIOTPOPO WETaoXnUAanoud Fourier ng X (o + jw)

oo
x(he ™™ = — X (o + jw) & dw =
21 J_
1 > ; (o+jw)t
x(t) = — Xi(o + jw) e quw. ey
27 J_ o

@ O avricTpo@og dIN\eupog PeETacXnUATopos Laplace:

A 1 [oHeo
x(t) = —/ X(s) e a. ®)
27 Jo—joo
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Opiouodg

Ain\eupog petaoxnuamopog (3)

@ AG NAPOUE TWPA TOV AVTIOTPOPO WETaoXnUAanoud Fourier ng X (o + jw)

o0
x()e " = — Xi(o + jw) &' dw =
21 J_
1 > ; (o+jw)t
x(t) = — Xi(o + jw) e quw. ey
27 J_ o

@ O avricTpo@og dIN\eupog PeETacXnUATopos Laplace:

AT o-+joo
x(t) = 2/ X(s) e as. ®)
Wi o—joo
@ O avrioctpo@og petaoxnuanouds Laplace unooyiletal wG oAOKANPwUA
oTo Piyadikéd eninedo ndvw ce Jia Tpoxid (contour) napdAANAN NPOG ToV
Jjw &Eova kal opiouévn yia kaBe Tipr Tou o Tétoia wote X(s) = X(o + jw)
VA GUYKAIVEL.
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Opiouodg

Movonheupog Jetaoxnuamiopog (1)

@ Y€ NOMEG MPAKTIKEG EPAPUOYEG HNAG eVOIAPEPE! O OVOMAEUPOG
peTaoxnuanopds Laplace nou 1oxder yia oruara x(t) nou opi¢ovral pévo
o€ BeTikoUg xpdvoug, dnAadn x(1) = O vyia t < O:

X(s) =UL{x(H} £ / fo x(t) e~ at ©

Onou To OAOKANP WA NEPIAAUBAVE] TOUG KOOUGCTIKOUG MNAAUOUG I TIG
avwpaleg cuvaptoels (singularities) avartepng 1¢dEnc yia t = 0.

T AVOUANES CUVAPTACEIC AVAOTEPNC TAENG €ivVal O NAPAYWYO! NP®TNG, SEUTEPNG K.O.K
TAENG TWV KPOUGSTIKWV MAAUWY I MOANAMAG OAOKANPWHATA TNG BNUATIKNAG ouvApTNoNngG.
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Onou To OAOKANP WA NEPIAAUBAVE] TOUG KOOUGCTIKOUG MNAAUOUG I TIG
avwpaleg cuvaptoels (singularities) avartepng 1¢dEnc yia t = 0.

@ O povénieupog petraoxnuanoudc Laplace éxel 1diaitepn atia yia v
avAAUoN amaTwV CUoTNUATWY Kal 1IB1aitepa CUCTNUATWY Mou
npoodiopilovral and YPAUMIKES DIAPOPIKECS €EICWOEIG UE OTABePOUG
OUVTEAEGCTEG KAl N-UNJEVIKESG APXIKES OUVONKEG.

T AVOUANES CUVAPTACEIC AVAOTEPNG TAENG €ivVal Ol NAPAYWYO! NP®TNG, SEUTEPNG K.O.K
TAENG TWV KPOUGCTIKWV MAAUWY I} MOANAMAG OAOKANPWHATA TG BNUATIKNAG ouvApTnNoNng.
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Opiouodg

MovOnAeupog UETACXNUATIONOG (2)

@ O MPOCEKTKOG avayvwaoTng avakaAei om T€rtola cuotnuara dev eival
YPAUUIKA, OAAG CTOIXEIWDWG YOAUMIKA.
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MovOnAeupog UETACXNUATIONOG (2)

@ O MPOCEKTKOG avayvwaoTng avakaAei om T€rtola cuotnuara dev eival
YPAUUIKA, OAAG CTOIXEIWDWG YOAUMIKA.

@ And v eficwon opicuoU ToU JOVONMAEUPOU PETAoXNuaTiIouou Laplace
napatpEouUpe o1 N uévn diapopd EyKemal OTo KATw OpIo OAOKANPWONG.
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@ O MPOCEKTKOG avayvwaoTng avakaAei om T€rtola cuotnuara dev eival
YPAUUIKA, OAAG CTOIXEIWDWG YOAUMIKA.
@ And v eficwon opicuoU ToU JOVONMAEUPOU PETAoXNuaTiIouou Laplace
napatpEouUpe o1 N uévn diapopd EyKemal OTo KATw OpIo OAOKANPWONG.
@ Ao orjuara nou diapépouy yia t < 0, ald eival tautéonua yia + > 0 8a
€xouV dlapopeTIKoUs SIMEUPOUG UETAoXNKATIOUoUCS Laplace, ar\d
TAUTOONHOUG HOVOMAEUPOUG JETAoXNUATopoug Laplace.
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Opiouodg

MovOnAeupog UETACXNUATIONOG (2)

@ O MPOCEKTKOG avayvwaoTng avakaAei om T€rtola cuotnuara dev eival
YPAUUIKA, OAAG CTOIXEIWDWG YOAUMIKA.

@ Ano myv e&icwaon opIcHoU ToU JOVONMAEUPOU ETAoXNUATICUoU Laplace
naparneouue 61 N uévn diIagopd EYKEITAl OTO KATW OPIo OAOKANPWONG,.
@ Auo orjpara nou diagépouy yia t < 0, ald eival Tautéonua yia t > 0 8a
€xouV dlapopeTIKoUs SIMEUPOUG UETAoXNKATIOUoUCS Laplace, ar\d
TAUTOONHOUG HOVOMAEUPOUG JETAoXNUATopoug Laplace.
@ Ta oAuara nou eival Tautotikd Pundév yia t < 0, 0 HOVONAEUPOG Kal O
din\eupog petacxnuanoudg Laplace tauri¢ovra.

@ H pelétn pag Ba enikevipwBei oto dinkeupo petaoxnuanoud Laplace.

‘Onou anarreital 8a kAvoupe TNV avaykaia didkpion JUeTaiu dimAeupou Kal
HMOVONAEUPOU UETACXNUATICHOU.
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Opiouodg

YUYKPIGEIG JETAOXNUATICHWY

@ Ta mAeovekTuaTa Tou Jetacxnuanopou Laplace évavr tou
petaoxnuanouoU Fourier eival Ta €Eng:
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I X.A. CUOTAKATOG,.
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@ Opiteral peraoxnuanopdg Laplace kai yia orfjuara nou dev eival anoAUTwg
OAOKANPWOIUA.
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ornoudnnote €xoule va KAVOUPE e To pdoua.
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YUYKPIGEIG JETAOXNUATICHWY

@ Ta mAeovekTuaTa Tou Jetacxnuanopou Laplace évavr tou
peTaoxnuanopou Fourier eival Ta €ENg:

@ H eukohia unoloyiouoU Tou peracxnuanopou Laplace.

@ O peracxnuancuds Laplace evowuatvel TIG apXIKEG CUVBKES OtV
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@ O uetaoxnuarnoudg Fourier xpnaoiponoleital oTig TNAEMIKOIVWVIES, Ta QIATPA,
ornoudnnote €xoule va KAVOUPE e To pdoua.

@ O peraoxnuatnoudg Laplace xpnoiuonoleital oTn Bewpia KUKAWUATWY KAl
OTA CUOTAUATA AUTOUATOU EAEYXOU.

@ O uetaoxnuarnoudg Fourier, epdoov opileTtal, unopei va uroAoyiotei

aneuBeiag av yvwpiloupue Tov yeracxnuarnopod Laplace.

A\
\eTaoxr



Opiouodg

Mepioxr) cUykAiong (region of convergence)

@ Q)¢ neploxr| GUYKAIONG TOU PJETaoxnuanopou Laplace opiletal 1o didotua
TIMWV TOU § = 0 + jw YIA TIG onoieg o JeTaoxnuanoudg Fourier Tou orjuarog
x(t) 77" cuykhiver.
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Opiouodg

Meploxry ouykAiong (region of convergence)

@ Q)¢ neploxr| GUYKAIONG TOU PJETaoxnuanopou Laplace opiletal 1o didotua
TIMWV TOU § = 0 + jw YIA TIG onoieg o JeTaoxnuanoudg Fourier Tou orjuarog
x(t) 77" cuykhiver.

@ Av via éva orua 10 OAOKANPWHA opICHoU ToU UeTaoxnuanouou Laplace
UNAPXEl YIa pIa TN o = 0g + jwo, 10T Undpxel Vs: Re{s} > oy.
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Opiouodg

Meploxry ouykAiong (region of convergence)

@ Q)¢ neploxr| GUYKAIONG TOU PJETaoxnuanopou Laplace opiletal 1o didotua
TIMWV TOU § = 0 + jw YIA TIG onoieg o JeTaoxnuanoudg Fourier Tou orjuarog
x(t) e~ 7" ouykhivel.

@ Av via éva orua 10 OAOKANPWHA opICHoU ToU UeTaoxnuanouou Laplace
UNAPXEl YIa pIa TN o = 0g + jwo, 10T Undpxel Vs: Re{s} > oy.

| A

Ynohoyiouoi

Yrnaviwg KarapeUyouue OToV UNMoAOYIOUS Tou JeTacxnuanopou Laplace kal
QAVTICTPOPOU PETACXNUATICUOU Laplace pe T xprion Twv efIowoewy opicuoU.
MpompoUue TN XxpHon NIVAKwY Kal TNV aglornoinon Twv IB10TATWY Tou
METaoXNUATICHOU.

\
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Opiouodg

MNapddeiyua 6.1 (1)

e ‘Eotw x(t) = e~ u(t), a > 0. Epapudloviag v eticwon opiopo yia
s = 0 + jw naipvoupe

00
_ / e—(a+a)f e—jwt at =

(0.0) (o.0]
X(o +jw) = / e e at = / o (Tt gt —
0

S — >0
eratm °°

1
= R« —a. 7
porpt e{s} > —a @
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Opiouodg

MNapddeiyua 6.1 (1)

e ‘Eotw x(t) = e~ u(t), a > 0. Epapudloviag v eticwon opiopo yia
s = 0 + jw naipvoupe

(0.0) (o.0]
X(o +jw) = / e e at = / o (Tt gt —
0

00
_ / e—(a+a)f e—jwt at =

S — >0
eratm °°

1
= R« —a. 7
porpt e{s} > —a @

@ Eival npo@avég ot n neploxr) CUYKAIONG ToU JeTaoxnuarnouou Laplace (7)
eivai Re{s} > —a.
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Mapddeiyua 6.1 (2): Meploxr) CUYKAIONG TOU ETAoXNUaTIoPoU Laplace

o+a>0 Im{s}=jw

Re{s}=c
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Mapdadeiyua 6.1 (3): Metaoxnuarnouog Fourier

Eneidn o jw dfovag Keital eviog NG NeEPIOXNG CUYKAIONG, O JETAOXNKATIOUOG
Fourier undpxel kal npokunrel and v (7) av aviiKaraoTooUe OMou s = jw,

dnAadn :
X(jw) =X [ = : 8
W) sHevb) _ = ®
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Opiouodg

Mapdadeiyua 6.1 (3): Metaoxnuarnouog Fourier

Eneidn o jw dfovag Keital eviog NG NeEPIOXNG CUYKAIONG, O JETAOXNKATIOUOG
Fourier undpxel kal npokunrel and v (7) av aviiKaraoTooUe OMou s = jw,
dnAadn

1
= ®

=0 jw+a

X(jw) = X(o + jw)

v

Mapddeiypa 6.1 (4): EypdBuvon oto ueracxnuanoud Laplace
@ O peraoxnuatnoudg Laplace eival cuvdptnon piyadikAg JETABANTAG Mou
AQUBAVEl HIYADIKES TIUEG.
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Opiouodg

Mapdadeiyua 6.1 (3): Metaoxnuarnouog Fourier

Eneidn o jw dfovag Keital eviog NG NeEPIOXNG CUYKAIONG, O JETAOXNKATIOUOG
Fourier undpxel kal npokunrel and v (7) av aviiKaraoTooUe OMou s = jw,
dnAadn

]

= . 8
o=0 jw-+a &

X(jw) = X(o + jw)

v

Mapddeiypa 6.1 (4): EypdBuvon oto ueracxnuanoud Laplace
@ O peraoxnuatnoudg Laplace eival cuvdptnon piyadikAg JETABANTAG Mou
AQUBAVEl HIYADIKES TIUEG.
@ To uéTpo Kal N @AoN Tou PJeETacxnuUaTiopoU Laplace eival otnv oucia
d103IACTATEC CUVAPTNOEIG,. |

Mértpo kal Aon Tou peTacxnuanopou Laplace
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lkavég cuvBnKkeg yia TNV Unapén Tou petacxnuarnouou Laplace (1)

@ H UnapEn Tou ohokAnpwuarog oty (3) eival eyyunuévn av 1o orua x(1)
IKavorolei TIG aKOAOUBEG IKAVECG CUVBNKEG :
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lkavég cuvBnKkeg yia TNV Unapén Tou petacxnuarnouou Laplace (1)

@ H UnapEn Tou ohokAnpwuarog oty (3) eival eyyunuévn av 1o orua x(1)
IKavorolei TIG aKOAOUBEG IKAVECG CUVBNKEG :

@ 7o x(1) eival OAOKANPWOINO € KABE NENEPAcEVO BIACTNHA TILMY Tou 1
oV neploxn —oo < t < 400 Kal
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lkavég cuvBnKkeg yia TNV Unapén Tou petacxnuarnouou Laplace (1)

@ H UnapEn Tou ohokAnpwuarog oty (3) eival eyyunuévn av 1o orua x(1)
IKavorolei TIG aKOAOUBEG IKAVECG CUVBNKEG :

@ 7o x(1) eival OAOKANPWOINO € KABE NENEPAcEVO BIACTNHA TILMY Tou 1
oV neploxn —oo < t < 400 Kal

@ 1o x(t) eival exBetikig TEENG KaBWG 1 Teivel oTo 00, BNAadA
lim;_s+o0 [X(1)]€°" = 0 yia kdnoia nepIoxrA TGV Tou a.
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lkavég cuvBnKkeg yia TNV Unapén Tou petacxnuarnouou Laplace (1)

@ H UnapEn Tou ohokAnpwuarog oty (3) eival eyyunuévn av 1o orua x(1)
IKavorolei TIG aKOAOUBEG IKAVECG CUVBNKEG :

@ 7o x(1) eival OAOKANPWOINO € KABE NENEPAcEVO BIACTNHA TILMY Tou 1
otV neploxry —oo0 < t < +00 Kal
@ 1o x(t) eival exBetikig TEENG KaBWG 1 Teivel oTo 00, BNAadA
lim;_s+o0 [X(1)]€°" = 0 yia kdnoia nepIoxrA TGV Tou a.
@ OI CUVBAKEG MOoU NPOAVAPEPBNKAV Eival IKAVEG, AANG OXI AVAYKAIEG,
€eneidr) undpxouv oAUATa x(f) rou dev TG IkavoroloUv, aAG dlaBéTouv
peraoxnuanopd Laplace.
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lkavég ocuverkeg yia Tnv Unapén Tou peracxnuarnopuou Laplace (2)

@ H neploxr) cUykAIoNG Tou PeTtacxnuanopoU Laplace eival pia Awpida oro
uyadikd eninedo. Mpdyuar: dlaxwpiloviag T0 OAOKANPWUA OpIoUoU Tou
petraoxnuanopou Laplace (3) ce apvnrikd kal BeTikA xpovikd diaocthuara

0 +o0
X(s) = / x(t) e~ dt + / x(t) e~ at )
—00 0

napatEouUpe o1 yia va undpxel To NPWTo OAOKANpwHa otny (9) yia T
xelpdrepn duvarr enoyn x(1) = ™ érav t < Okar o € R, npénel
0 = Re{s} < a. ‘Oviwg 10 NPWTO OAOKANPWHA avarUeTal oe

0 0 o]
/ ea’e_s’df:/ e(a_s)’df:/ o (=58 q o
e 59 0

an’ énou KaBioTaral npo@aveg o npenel o — o > 0 yia va undpxel.
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lkavég GuvBnNKeg yia TNV Unapén Tou petacxnuarouou Laplace (3)

@ Ouoiwg yia va undpxel 1o deltepo oAOKANPwUA otV (9) yia T xeipdtepn
duvarr enidoyn x(1) = ot viat > 0«ka 3 € R npénel 0 = Re{s} > .
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lkavég GuvBnNKeg yia TNV Unapén Tou petacxnuarouou Laplace (3)

@ Ouoiwg yia va undpxel 1o deltepo oAOKANPwUA otV (9) yia T xeipdtepn
duvarr enidoyn x(1) = ot viat > 0«ka 3 € R npénel 0 = Re{s} > .

@ O petaoxnuamnoudg Laplace Ba undpxel pévo av o > B. Fevikd n neploxr
oUyKAIoNG Ba eival Ui avoIxXTr) MEPIOXN TOU S.
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lkavég ouverkeg yia TNV Unapén Tou uetacxnuarnouou Laplace (3)

@ Ouoiwg yia va undpxel 1o deltepo oAOKANPwUA otV (9) yia T xeipdtepn
duvarr enidoyn x(1) = ot viat > 0«ka 3 € R npénel 0 = Re{s} > .

@ O petaoxnuamnoudg Laplace Ba undpxel pévo av o > B. Fevikd n neploxr
oUyKAIoNG Ba eival Ui avoIxXTr) MEPIOXN TOU S.

@ Epetng o ueraoxnuaropdg Fourier, dtav opiletal, 8a NapIicTAveTal wg
X(jw) avii X(w) yia va k&voupe eupavég ot npokUre! anod 1o
peraoxnuanoud Laplace avrikaBiotwviag drou s 1o jw.
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Opiouodg

Pnroi yetaoxnuanouoi Laplace (1)

@ Av o orjua x(1) eival ypauuikég cuvdUacdG MEAYUATIKGV f JIyadIKGOV
EKBETIKWV, TOTE O HETACXNUATIOUOG Laplace eival pntr cuvdaptnon

X(s) = % an
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Opiouodg

Pnroi yetaoxnuanouoi Laplace (1)

@ Av o orjua x(1) eival ypauuikég cuvdUacdG MEAYUATIKGV f JIyadIKGOV
€eKBeTIKWY, TOTE O PeTaoxnuUaTiouog Laplace eivarl pnm cuvdpinon

X(s) = ggg an

@ MV nepinmwon autr, oI Pi¢eg Tou NoAUWVUROoU Tou apiBunt N(s)
ovoudlovral undevikd (zeros), eVw ol PILeG TOU MOAUWVUNOU ToU
napovouaoT ovoudlovral néhol (poles). MNaparnpouue 61 o1a uNdevika
undeviletal évag pnTég uetaoxnuanoudg Laplace, evw otoug ndéAoug
évag pnrog petaocxnuanoudg Laplace aneipileral.
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Opiouodg

Pnroi yetaoxnuanouoi Laplace (1)

@ Av o orjua x(1) eival ypauuikég cuvdUacdG MEAYUATIKGV f JIyadIKGOV
€eKBeTIKWY, TOTE O PeTaoxnuUaTiouog Laplace eivarl pnm cuvdpinon

N(s)
X(s) = D)’ an
@ MV nepinmwon autr, oI Pi¢eg Tou NoAUWVUROoU Tou apiBunt N(s)
ovoudlovral undevikd (zeros), eVw ol PILeG TOU MOAUWVUNOU ToU
napovouaoT ovoudlovral néhol (poles). MNaparnpouue 61 o1a uNdevika
undeviletal évag pnTég uetaoxnuanoudg Laplace, evw otoug ndéAoug
évag pnrog petaocxnuanoudg Laplace aneipileral.

@ Ag unoBécoupe o1 évag pnToG JeTacxnuaniouog Laplace avaiUeral wg

N(s) a+as+...+aus™  [IV,(s—z)
D(s) bot+bis+...+bnsN TV (s—p)

i=1

X(s) = a2

v
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Opiouodg

Pnroi yetaoxnuarnouoi Laplace (2)

@ I éva pnrd yetaoxnuarnoud Laplace o apiBudg twv undeviKwy z; Mpénel
va IooUTal e ToV apiBud Twv NOAWV p;.
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Opiouodg

Pnroi yetaoxnuarnouoi Laplace (2)

@ I éva pnrd yetaoxnuarnoud Laplace o apiBudg twv undeviKwy z; Mpénel
va IooUTal e ToV apiBud Twv NOAWV p;.
@ Touro eival npopavég av omny (12) M = N, ondte dAoi ol MGAOI Kal Ta
undevika eival mpddnhol.
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Opiouodg

Pnroi yetaoxnuarnouoi Laplace (2)

@ I éva pnrd yetaoxnuarnoud Laplace o apiBudg twv undeviKwy z; Mpénel
va IooUTal e ToV apiBud Twv NOAWV p;.
@ Touro eival npopavég av omny (12) M = N, ondte dAoi ol MGAOI Kal Ta
undevika eival mpddnhol.
Q AvM < N, 1é1€ Aeinouv undevikd. Iy nepimmwon auth npocBérouue
N — M &dnha pndevika oto dneipo, eneidn

1 CIM+OM_]S_]+...+003_M

X =
(S) go=Ti by + bN_'|S_] + ...+ boS_N

13)

Kall lim;_y 0 X(s) = 0.
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Opiouodg

Pnroi yetaoxnuarnouoi Laplace (2)

@ I éva pnrd yetaoxnuarnoud Laplace o apiBudg twv undeviKwy z; Mpénel
va IooUTal e ToV apiBud Twv NOAWV p;.
@ Touro eival npopavég av omny (12) M = N, ondte dAoi ol MGAOI Kal Ta
undevika eival mpddnhol.
Q AvM < N, 1é1€ Aeinouv undevikd. Iy nepimmwon auth npocBérouue
N — M &dnha pndevika oto dneipo, eneidn

1 CIM+OM_]S_]+...+003_M

X =
(S) go=Ti by + bN_'|S_] + ...+ boS_N

13)

Kall lim;_y 0 X(s) = 0.
Q@ Av M > N, 1é1e Aeinouv néAoL. LNV nNepinmwon autr npocBétoupye M — N
Adnhoug NéAOUG oto dnelpo, eneldn lim;_, o, X(s) = oo.

Mertaoxnuanoudg Laplace 18/97



Opiouodg

Mapddeiypa 6.2 (1)

@ ‘Eotw 10 onua

x(t) = e "u(t) + e ?u(t). 14)
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Opiouodg

Mapddeiypa 6.2 (1)

@ ‘Eotw 10 onua

x(t) = e "u(t) + e ?u(t). Q4
@ O peraoxnuanouédg Laplace tou oruarog x(t) eiva
L ROC: Re{s} > —1 a5)
— : Re{s =
s+ 1 s+2
~—— ~—~—

Re{s}>—1 Re{s}>—2

X(s) =

4MoU YIa ToV MPWTO NAPAYovTa Tou aBpoicuarog otov X(s) éxoupe ROC:
Re{s} > —1, evd yia Tov delrepo napdyovra éxoupe ROC: Re{s} > —2.
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Opiouodg

Mapddeiypa 6.2 (1)

@ ‘Eotw 1o orjua

x(t) = e "u(t) + e ?u(t). 14)
@ O peraoxnuanouédg Laplace tou oruarog x(t) eiva

1

X(s) = —_— ROC: R > —1 15
)= 77 T 532 36} (e
~—— ——
Re{s}>—1 Re{s}>—2

4riou yia Tov MPWTo Napdyovia Tou adpoiouarog otov X(s) éxoupe ROC:
Re{s} > —1, evd yia Tov delrepo napdyovra éxoupe ROC: Re{s} > —2.

@ Onodre 1eNikd npokunTel 4T N NEPIOXr GUYKAIONG TOU aBpoicuaTog Twv
EMPUEPOUG PETaoXNUaTIoUwY Laplace Ba eival n Topr Twv eniuépoug
ROC, dn\adr Re{s} > —1.
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Opioudg

MNapddeiyua 6.2 (2)

@ Kdavovrag npdteig oty (15) naipvoupe:

C(5+2)+(s+1)  25+3
X&) =Gt GrGra et> a9
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MNapddeiyua 6.2 (2)

@ Kdavovrag npdteig oty (15) naipvoupe:

2 1 2 3
X(S)Z(S+ sl Chll) T , Re{s}>—1. (6
(s+1)(s+2) (s+1)(s+2)
@ ‘Apa o X(s) éxel éva npddnio pndevikd yia s = —%, éva ddnAo UNdeVIKS
yla s = 00 Kal dUo npddnAoug ndAoug yia s = —1 kal s = —2, ovnomiqu.)
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Mapddeiyua 6.2 (3): Aldypauua NOAWV-UNSEVIKWY TOU UETACXNHATICHOU

Laplace

2

SN NN
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Opiouodg

MNapdadeiyua 6.3 (1)

@ ‘Eotw 10 orjua

X(+) = 8(1) — ge_’u(f) + %ezfu(r). an

Mertaoxnuanoudg Laplace 22/97



Opiouodg

MNapdadeiyua 6.3 (1)

@ ‘Eotw 10 orjua 4 :

x(t) = 6(t) — 5e"u(f) + 5e”u(f). a7n
@ Tore:
C +oo
5(t) <= S(t)e " at =1 (18)
4 1 11 (s—1)2

X(s)=1-= - = R 2.(19
(s) 3571 3522 (o3 )s_2) et >209
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Opiouodg

MNapdadeiyua 6.3 (1)

@ ‘Eotw 10 orjua
4 1
x(t) = 6(t) — 5e"u(f) + 5e”u(f). a7n
@ Tore:
C +o00
5(t) <= S(t)e " at =1 (18)
—00
4 1 11 (s—1)2
X(s)=1— - — = R« >2.(19
(s) 3571 3522 (o3 )s_2) et >209
@ Néue dmno X (s) rou divetal and TNV (19) éxel dINAS undevikod yia s = 1 kal
anAouUg néAoug yia s = —1 kai s = 2.
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Mapddeiyua 6.3 (2): Aildypauua NOAWV-UNSEVIKWY TOU UETACXNKATIGHOU

Laplace

A% —
Al
[
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Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

IB161nTEC (1)
H oAokAnpwpuévn Bewpnon Tou Petacxnuanopou Laplace dev anarrei pévo tov
npPoodiopiopd NG aAyeBpikig napdctaong X(s)., ald kai Ty elpeon g
oxenlOPeEVNGS NeEPIOXNG CUYKAIONG.
@ 13i16tNTa 1: H nepioxry cUykAIoNg anoteAeital and AwpIdeG Tou s-eninedou
rou eival TapANNAEG MPog ToV jw dtkova. AnAadry, N NePIoxXr) CUYKAIONG
Tou peraoxnuanopou Laplace Tou x(t) anoreAeital and exeiveg Tig Tiuég
Tou s yia TG onoieg 1o x(1)e ™" eival anoAUTwG OAOKANPWOILO

o0
/ x(1)] e 7" dt < .
— 00
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Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

IB161nTEC (1)
H oAokAnpwpuévn Bewpnon Tou Petacxnuanopou Laplace dev anarrei pévo tov
npPoodiopiopd NG aAyeBpikig napdctaong X(s)., ald kai Ty elpeon g
oxenlOPeEVNGS NeEPIOXNG CUYKAIONG.
@ 13i16tNTa 1: H nepioxry cUykAIoNg anoteAeital and AwpIdeG Tou s-eninedou
rou eival TapANNAEG MPog ToV jw dtkova. AnAadry, N NePIoxXr) CUYKAIONG
Tou peraoxnuanopou Laplace Tou x(t) anoreAeital and exeiveg Tig Tiuég
Tou s yia TG onoieg 1o x(1)e ™" eival anoAUTwG OAOKANPWOILO

o0
/ x(1)] e 7" dt < .

—0Q
@ [d161nTa 2: Ta pnroug petacxnuanopoug Laplace n nepioxr) cUykAIoNg dev
nepliéxel NOAoUG.

v
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Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

IBi6TEeG (2)

@ I3i161Ta 3: Av 1o orua x(1) eival nenepaopévng SiIGpKeIag Kal anoNITwG
OAOKANPWOIHO, TOTE N MEPIOX CUYKAIONG EKTEIVETAl O OAOKANPO TO
s-eninedo.
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Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

IBi6TEeG (2)

@ I3i161Ta 3: Av 1o orua x(1) eival nenepaopévng SiIGpKeIag Kal anoNITwG
OAOKANPWOIHO, TOTE N MEPIOX CUYKAIONG EKTEIVETAl O OAOKANPO TO
s-eninedo.

@ And MV OTIyur Mou To xpovikd didomua oto onoio 1o x(1) dev pndevietal
eival menepacuévo, av 1o MOAANAacIAcoupe | éva ekBetikd 6po e 77, n
ouvApTNON Mou NPOKUMTEl MAPANEVEI OAOKANPWOIUN OTNV iBIa NEPIOXN He
10 x(1). Av Aoindév

)
/ |x(1)] dt < oo (20)
il

TOTE, VIA VA €IVAI TO § = 0 + jw JETCA OTNV NePIoXr CUYKAIONG anaitoupe
én 1o x(t)e™ " va eival anoAiTwg oAokANPWGIWO, SnAadr

7
/ Ix(1)| 7" ot < 0. @n

4]
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Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

IBi6mTEeg (3)

@ Alakpivoupe TG €ENG NepINMTWOoEIG:
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Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

IBi6mTEeg (3)

@ Alakpivoupe TG €ENG NepINMTWOoEIG:
@ Avo = Re{s} = 0, 10 ohokNMjpwua (21) eival payuévo ASyw g (20).
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Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

IBi6mTEeg (3)

@ Alakpivoupe TG €ENG NepINMTWOoEIG:

@ Avo = Re{s} = 0, 10 ohokNMjpwua (21) eival payuévo ASyw g (20).
@ Avo >0, eneidn

I [
/ Ix(t)| e 7" dt < e 7" / |x(1)| at 22)
h h

ouvayoupue ot 1o Jeti uEpog NG (22) eival ppayHEVO, Apa Kal TO apIoTEPO
8a eival ppaypévo, ondre n nepioxf olykhiong eival Re{s} > 0.
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Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

IBi6mTEeg (3)

@ Alakpivoupe TG €ENG NepINMTWOoEIG:

@ Avo = Re{s} = 0, 10 ohokNMjpwua (21) eival payuévo ASyw g (20).
@ Avo >0, eneidn

) I
/ Ix(t)| e 7" dt < e 7" / |x(1)| at 22)
4] h
ouvayoupue ot 1o Jeti uEpog NG (22) eival ppayHEVO, Apa Kal TO apIoTEPO
8a eival ppaypévo, ondre n nepioxf olykhiong eival Re{s} > 0.
Q Avo <0, enedn

T ]
/ Ix(t)|e 7 "dt < 77" / |x(1)|at (23)
h h

ouvayoupue ot 1o Jeti uEpog NG (23) eival ppaypEVo, Apa Kal TO apIoTEPO
8a eival ppaypévo, ondre n nepioxf olykhiong eival Re{s} < 0.
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Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

IBi6mTEeg (3)

@ Alakpivoupe TG €ENG NepINMTWOoEIG:

@ Avo = Re{s} = 0, 10 ohokNMjpwua (21) eival payuévo ASyw g (20).
@ Avo >0, eneidn

) I
/ Ix(t)| e 7" dt < e 7" / |x(1)| at 22)
4] h
ouvayoupue ot 1o Jeti uEpog NG (22) eival ppayHEVO, Apa Kal TO apIoTEPO
8a eival ppaypévo, ondre n nepioxf olykhiong eival Re{s} > 0.
Q Avo <0, enedn

T ]
/ Ix(t)|e 7 "dt < 77" / |x(1)|at (23)
h h

ouvayoupue ot 1o Jeti uEpog NG (23) eival ppaypEVo, Apa Kal TO apIoTEPO
8a eival ppaypévo, ondre n nepioxf olykhiong eival Re{s} < 0.

@ Yuvenwg n neploxr cUykAIonG eival OAo To s—eninedo.
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Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

Mapddeiyua 6.4

o ‘Eotw

e av0<t<T
A6 = 0 al\ou
, :




Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

Mapddeiyua 6.4

o ‘Eotw

e av0<t<T
A6 = 0 al\ou
, :

o Tore




Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

Mapddeiyua 6.4

o ‘Eotw

e av0<t<T
A6 = 0 al\ou
, :

o Tore

.
X(s) = / e e at= ] [1 - e_(s'H’)T} :
0

_s—i-a

@ XUupwva pe v IdidétnTa 3, n neploxr) SUYKAIoNG eival Ao 1o s-eninedo.




Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

Mapddeiyua 6.4

@ ‘Eotw

e av0<t<T
x(t) = .
0, aAoU.

o Tore

" s+a
@ XUupwva pe v IdidétnTa 3, n neploxr) SUYKAIoNG eival Ao 1o s-eninedo.

.
X(s) = / oo df = — [1—9_(S+G)T}
0

@ Eneidr) o apiBuntg Kal 0 MAPOVOPACTAG Tou KAAouaTog undevilovral yia
s = —a, 10 —a dev eivai ndrog g X(s). Autd unopei va SeixBei
epapudlovrag Tov kavova L’ Hospital

d (1 _ a—(s+a)T
1—e
lim X(s) = lim [ds( - )]
s——a s——a a(s —+ a)
Mapatnpoupe o1 dev undpxel NOAOG yia s = —a, eneidn 1o dplo eival

e =T




Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

IBi6mTEeg (4)

@ 1316mTa 4: Av 10 ona x(1) eival 5e€idg meupdg, dnhadn x(1) = 0 yia
t < Ty, kain euBeia Re{s} = o0 keital omv nepioxrj ouykAiong tou X(s),
16TE OAEG 01 TG Tou § yia TiG oroieg Re{s} > o aviikouv omy nepioxr
GUYKAIONG,.
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Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

IBi6mTEeg (4)

@ 1316mTa 4: Av 10 ona x(1) eival 5e€idg meupdg, dnhadn x(1) = 0 yia
t < Ty, kain euBeia Re{s} = o0 keital omv nepioxrj ouykAiong tou X(s),
16TE OAEG 01 TG Tou § yia TiG oroieg Re{s} > o aviikouv omy nepioxr
GUYKAIONG,.

@ Av 0q avrikel oMV nepioxri oUYKNIONG, T6Te | j;o |x()|e~" at < oo.
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Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

IBi6mTEeg (4)

@ 1316mTa 4: Av 10 ona x(1) eival 5e€idg meupdg, dnhadn x(1) = 0 yia
t < Ty, kain euBeia Re{s} = o0 keital omv nepioxrj ouykAiong tou X(s),
16TE OAEG 01 TG Tou § yia TiG oroieg Re{s} > o aviikouv omy nepioxr
GUYKAIONG,.

@ Av 0q avrikel oMV nepioxri oUYKNIONG, T6Te | j;o |x()|e~" at < oo.

@ Eneidr) 1o ofa x(t) eival 5e€idg meupdg, fTTOO Ix(t)| e %" at < 0.
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Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

IBi6mTEeg (4)

@ 1316mTa 4: Av 10 ona x(1) eival 5e€idg meupdg, dnhadn x(1) = 0 yia
t < Ty, kain euBeia Re{s} = o0 keital omv nepioxrj ouykAiong tou X(s),
TOTE OAEG Ol TIEG TOU § yIa TIG oroieg Re{s} > oy aviikouv oy nepioxn
GUYKAIONG,.

@ Av 0q avrikel oMV nepioxri oUYKNIONG, T6Te | j;o |x()|e~" at < oo.
@ Eneidr) 1o ofa x(t) eival 5e€idg meupdg, f;oo Ix(t)| e %" at < 0.
@ Av o > 0g, 10TE

+o00 iee
/ x(t)] ™" ot = / Ix(1)] e~ (@1=00)t g=00t gt
T

4]

(0.0}
< g~ (@1=o0)h / Ix(1)| %" dt < oo
i

ondre g7 € ROC. Aépe o1 n nepioxry cUYKANIoNG eival éva ekl nuieninedo.
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Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

Idi6TNTEC (B)

@ Id161Ta 5: Av To orjua x(1) eival apiotepnig Meupdg, dniadn x(1) = 0 yia
t > Tp, kain euBeia Re{s} = o keftal omv nepioxr odykhiong Tou X(s),
TOTE GAEG Ol TIEG Tou § Mou eival Tétoleg wote Re{s} < og avrikouv omy
neplioxr oUykAiong. MNa ta orjuara apiotepns NAeUPAG, N NEPIOXN
oUYKAIoNG eival apioTepd Nuieninedo.
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Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

Idi6TNTEC (B)

@ Id161Ta 5: Av To orjua x(1) eival apiotepnig Meupdg, dniadn x(1) = 0 yia
t > T,, kain euBeia Re{s} = oq keital omv nepioxri olykhiong tou X(s).
TOTE GAEG Ol TIEG Tou § Mou eival Tétoleg wote Re{s} < og avrikouv omy
neplioxr oUykAiong. MNa ta orjuara apiotepns NAeUPAG, N NEPIOXN
oUYKAIoNG eival apioTepd Nuieninedo.

@ 1316mTa 6: Av 10 ona x(1) eival aupinieupo, dnAadr ugictaral yia Vi, ka
n euBeia Re{s} = og keital omv nepioxr) cuykhiong Tou X(s), 1é1e n
neplioxr) OUYKAIONG CuyKkporTeital and pia Awpida o1o s-eninedo nou
nepAappavel mv eubeia Re{s} = oq.
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Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

Idi6TNTEC (B)

@ Id161Ta 5: Av To orjua x(1) eival apiotepnig Meupdg, dniadn x(1) = 0 yia
t > T,, kain euBeia Re{s} = oq keital omv nepioxri olykhiong tou X(s).
TOTE GAEG Ol TIEG Tou § Mou eival Tétoleg wote Re{s} < og avrikouv omy
neplioxr oUykAiong. MNa ta orjuara apiotepns NAeUPAG, N NEPIOXN
oUYKAIoNG eival apioTepd Nuieninedo.

@ 1316mTa 6: Av 10 ona x(1) eival aupinieupo, dnAadr ugictaral yia Vi, ka
n euBeia Re{s} = og keital omv nepioxr) cuykhiong Tou X(s), 1é1e n
neplioxr) OUYKAIONG CuyKkporTeital and pia Awpida o1o s-eninedo nou
nepAappavel mv eubeia Re{s} = oq.

@ 1di16tTNTa 7: Av 0 peTaoxnuanopog Laplace X (s) TOU ONUATOG x(f) eival
NI CUVAPTNON, TOTE N MEPIOXT) CUYKAIONG PPACCETAl and Toug NMOAOUG 1
ekteivetal oto dneipo. EmnA€éov n neploxr) cUyKAIoNG Dev NeEPIEXEI KAavEVA
néAo tou X(s).
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Meplioxr)y CUYKAIONG TOU JETAoXNMATIoNoU Laplace

[di16TNTEG (6)

@ I3161NTa 8: Av 0 petacxnuanouds Laplace X(s) tou orparog x(t) eivai
enm cuvépmon, é1av 1o onua x(1) eival Sefiag NAeupdg, TéTE N MEPIOXN
oUyKAIoNG ekTeivetal degidTepa Tou o deglod NdAou* evd drav 1o x(1)
elval apioTepng NAEUPAG, TOTE N MEPIOXT) CUYKAIONG EKTEIVETAI
apIoTEPATEPA TOU MIO APICTEPOU MOAOU.

Mertaoxnuanoudg Laplace 30/97



YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

MooAeyopeva (1)

@ To OAOKANPWUA TOU AVTICTPOPOU UETAcXnUaTcpoU Laplace oty (5)
npénel va urnoAoyioTei NAvw ce [id TooxIA ECA GTNV MEPIOXr) CUYKAIONG,
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

MooAeyopeva (1)

@ To OAOKANPWUA TOU AVTICTPOPOU UETAcXnUaTcpoU Laplace oty (5)
npénel va urnoAoyioTei NAvw ce [id TooxIA ECA GTNV MEPIOXr) CUYKAIONG,

@ AV T0 OAOKANPWA UMOAOYIOTEI NAVw GE JId TPOXIA onoudnroTte eKTOg NG

nepIoxig OUYKNIONG N povadikdtnra Tou Lelyoug x( 1) <£> X(s) 6a
karaotpagei. Akdun kai av o X(s) opitetal oroudrinore oTo s-eninedo
€KTOG and évav apiBud PepovVwHéVwY avipalwy onueiwv, o X(s) eival o
peTaoxnuanopsds Laplace tou orjparog x(1) pévo yia 1ig Tipég Tou s nou
keivial yéoa oTnv neploxr) cUYKAIoNG.
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

MooAeyopeva (1)

@ To OAOKANPWUA TOU AVTICTPOPOU UETAcXnUaTcpoU Laplace oty (5)
npénel va urnoAoyioTei NAvw ce [id TooxIA ECA GTNV MEPIOXr) CUYKAIONG,

@ AV T0 OAOKANPWA UMOAOYIOTEI NAVw GE JId TPOXIA onoudnroTte eKTOg NG

nepIoxig OUYKNIONG N povadikdtnra Tou Lelyoug x( 1) <£> X(s) 6a
karaotpagei. Akdun kai av o X(s) opitetal oroudrinore oTo s-eninedo
extdg and évav apiBud pepgovwpévwy avibpalwy onpeiwv, o X(s) eivai o
peTaoxnuanopsds Laplace tou orjparog x(1) pévo yia 1ig Tipég Tou s nou
keivial yéoa oTnv neploxr) cUYKAIoNG.

@ [a ta amard oruara, ol OXEoEIG Nou opilouv €va {elyoc JETACXNUATIONOU
Laplace eival povadikég ouv f nAnv pia undevikr (null) cuvdpmnon v(t),
dnAadn X(s) £ x(t) & v(t) érou fof v(€) d¢ = 0, Vt. Qg undeviki
ouvdpTnon opiloupe kdBe cuvApTNon nou eival mavioU UNdév ektdg and
€va apIBUNOIUO CUVOAO OnUEiwY, Orou €xel NENEPACUEVEG TIUEG,

Mertaoxnuanoudg Laplace 31/97



YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

MooAeyopeva (2)

@ Xuunepaivoupe o1l 0 avTioTPOPOG PeTtaoxnuanouds Laplace dev eival
HOVOOHUAVTA OPICKEVOG, YIATi T orjuara oto nedio Tou xpdvou unopouv
va dIa@EPOoUV Kard hia JNdeVIKH cuvAapton.
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

MooAeyopeva (2)

@ Xuunepaivoupe o1l 0 avTioTPOPOG PeTtaoxnuanouds Laplace dev eival
MOVOCHAVIA OPICHEVOG, YIAT Ta orAUaTa oT1o nedio Tou XpOvou Unopouv
va dlIaPEPOUV KATd Hia KNJEVIK ouvAapTnon.

@ lNa napddeiyua, dUo T€ToIa oNuara eivai Ta

1 avt>0 T avt>0
x(t)=4 05 avt=0 «ka x(t)=¢ 1 avit=0
0 avt<O 0 avt<O

nou éxouv Tov idlo peracxnuanopd Laplace X(s) = % Mpo@avag n

dlapopd PeTaty Twv xi (1) kai (1) eival Tetpipévn. Or undevikég
OUVAPTNOEIG €ival achavIeS TNV EPAPLIOYN TOU UETACXNUATIGHUOU
Laplace.
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

MooAeyopeva (2)

@ Xuunepaivoupe o1l 0 avTioTPOPOG PeTtaoxnuanouds Laplace dev eival
MOVOCHAVIA OPICHEVOG, YIAT Ta orAUaTa oT1o nedio Tou XpOvou Unopouv
va dlIaPEPOUV KATd Hia KNJEVIK ouvAapTnon.

@ lNa napddeiyua, dUo T€ToIa oNuara eivai Ta

1 avt>0 T avt>0
x(t)=4 05 avt=0 «ka x(t)=¢ 1 avit=0
0 avt<O 0 avt<O

nou éxouv Tov idlo peracxnuanopd Laplace X(s) = % Mpo@avag n

dlapopd PeTaty Twv xi (1) kai (1) eival Tetpipévn. Or undevikég
OUVAPTNOEIG €ival achavIeS TNV EPAPLIOYN TOU UETACXNUATIGHUOU
Laplace.

@ Av 0 aviioTpo@og PYeTaoxnuanoudg Laplace eival cuvexng cuvdpinon Tou
XPOVOU, TOTE UNAPXE! JOVOCNAVTN AVTIOTOIXIA.
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

AvammuEn oe uepikd kA\aouara (1)

MNa peracxnuancpoug Laplace nou eival pntég CUVApTAGEIG TOU S, O
UMOAOYIOUOG TOU AVTIOTPOPOU UETACXNUATIONOU UMopPEi Va Yivel Je Xprion NG
AvAMmuENG o€ JEPIKA KAACoUATA, SNAAdH TNG ENEKTACNG WIAG PNTNG AAYERPIKAG
€KPPAoNG O€ ABPOICUA HEPIKWY KAACUATWY (GpwV UIKPOTEPNG TAENG), Mou
npotdBnke and Tov Heaviside.
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

AvammuEn oe uepikd kA\aouara (1)

MNa peracxnuancpoug Laplace nou eival pntég CUVApTAGEIG TOU S, O
UMOAOYIOUOG TOU AVTIOTPOPOU UETACXNUATIONOU UMopPEi Va Yivel Je Xprion NG
AvAMmuENG o€ JEPIKA KAACoUATA, SNAAdH TNG ENEKTACNG WIAG PNTNG AAYERPIKAG
€KPPAoNG O€ ABPOICUA HEPIKWY KAACUATWY (GpwV UIKPOTEPNG TAENG), Mou
npotdBnke and Tov Heaviside.

‘EoTw
N(s
X(s) = N(s)
D(s)
OMNou To MOAUWVUHO TOU MAPOVOUAGCTH) MapayovIonoleiTal wg egNg

n

D(s) = [ J(s — aw).

i=1

Alakpivoupe TIG €ENG NepIMwoels :
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

Avanugn oe uepikd kAacpara: Mn enavalapBavopevol YOAUUIKOI 6pol

(DIOKEKPIUEVOI MPAYMATIKOI MOAOI)

@ ‘Eotw évag ypauuikdg 6pog s — iy To1E

_ N(s) _ N(s) _ A Ni(s)
D(s) (s—ai)Di(s) s—ar; Dis)

X(s)

@4
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

Avanugn oe uepikd kAacpara: Mn enavalapBavopevol YOAUUIKOI 6pol

(DIOKEKPIUEVOI MPAYMATIKOI MOAOI)

@ ‘Eotw évag ypauuikdg 6pog s — iy To1E

_ N(s) N(s) A Ni(s)
X&) = B T G ade)  s—ar T DI(3) ez
a B=aig))_ Rew) @25

D(S) s=a D] (Oé])
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

Avanugn oe uepikd kAacpara: Mn enavalapBavopevol YOAUUIKOI 6pol

(DIOKEKPIUEVOI MPAYMATIKOI MOAOI)

@ ‘Eotw évag ypauuikdg 6pog s — iy To1E
N N A N
X(s) = (s) = (s) — 1(3) ©4)
D(s) (s—ai)Di(s) s—ar; Dis)
@ orou N N
A =aNE)[ N o5
D(S) s=a D] (Oé])
@ Av enavaldBoupe TV idia diadikacia yia SAOUG TOUG YPAUMIKOUG Opous
naipvoupe
(s — ai)N(s)
A=——"7"- . 26
' D(s) s=qy s )
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

AvantuEn oe pepikd kK\aouara: Enavalaupavouevol YoauuIKoi Opol

(s — ;)" yia k > 2 (noManioi npayparikoi néAon (1)

@ ‘Eotw évag néAog o1o oy pe MoMNariétTa k, (s — ag )“ . K&voupe v
€MEKTAON
N(s) N(s) An Arz Atk

O =o6) e aF sa e e @
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

AvantuEn oe pepikd kK\aouara: Enavalaupavouevol YoauuIKoi Opol

(s — ;)" yia k > 2 (noManioi npayparikoi néAon (1)

@ ‘Eotw évag néAog o1o oy pe MoMNariétTa k, (s — ag )“ . K&voupe v
€MEKTAON

s) — N(S) . N(S) . A]] A]2 A]k
XO= 50 " Goaf s—am Goaf T Eoar @

@ Av MONan\acIdooupe au@dTepa 1a PéNn G (27) pe (s — ag )k naipvoupe

N(s _ -
(s—al)"%zm(s—a])" " A(s— o) 2 AR (28)
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

AvantuEn oe pepikd kK\aouara: Enavalaupavouevol YoauuIKoi Opol

(s — ;)" yia k > 2 (noManioi npayparikoi néAon (1)

@ ‘Eotw évag néAog o1o oy pe MoMNariétTa k, (s — ag )“ . Kavoupe v
€néKtaon
N(s) N(s) An Arz Atk

=56 —aF “s—a T Gmap T T emar @

@ Av noMamacidcoupe au@dtepa Ta uéhn mg (27) pe (s — aq )X naipvoupe

N(s
(s — o)k DEs; =An(s— o) T+ Ap(s— )24+ AL @8

@ YnoAoyilovrag TNy TN TG Tautdtntag (28) yia s = o npokunrel

N(s
A= (s — on)kD8 . 9)
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

Avamuin oe pepikd kAdouara: EnavaiauBavopevol ypauuikoi 6poil

yia k > 2 (MoA\anAoi npayuankoi noAol) (2)

@ evw av dlapopicoupe TNV (28) Kal UMOAOYICOUUE TNV TIUN TG MNAPAY®YouU
yia s = 1 8a npokuel

«N(s) } (30)

d
A1 = ps (s —an) D(s)
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

Avamuin oe pepikd kAdouara: EnavaiauBavopevol ypauuikoi 6poil

yia k > 2 (MoA\anAoi npayuankoi noAol) (2)

@ evw av dlapopicoupe TNV (28) Kal UMOAOYICOUUE TNV TIUN TG MNAPAY®YouU
yia s = 1 8a npokuel

@ Kal yevikeUoviag hetd and k — | dlapopioelg 8a éxoupue

A= G [js o “‘)k%“ =

(€)]

S=Q

1=1,2,....,k—1. @)
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

N o€ MEPIKA KANGopara: EmavalauBavopevol Yeauuikoi 0pol

¥ yia k > 2 (noAanAoi npayuaTkoi néAo) (2)

@ evw av dlapopicoupe TNV (28) Kal UMOAOYICOUUE TNV TIUN TG MNAPAY®YouU

yia s = 1 8a npokuel

Ay =2 [(s_m)k@}

ds D(s)

@ Kal yevikeUoviag hetd and k — | dlapopioelg 8a éxoupue
1 ak! «N(s)
Ay= — | —|(s— \°J

" k=) [dsk—’ [(s o) D(s)

@ H (381) yevikeUertal yia kdBe enavarauBavOopeVo YPauUIKO 6po0.

S=Q

s=a

1=1,2,....,k—1. @)

(€)]
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

Avarmuin oe uepikd kAdouara: Miyadikoi noAol

@ O1 uiyadikoi néAol epgavi¢ovial oe culuyn) {euyn, ondte av
OUYXWVEUOOULE TA AVTIOTOIXA [JOVWVUA, MPOKUMTE!

(s 4+ a + jwg)(s + @ — jwp) = (s + @) + wf (32
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

Avarmuin oe uepikd kAdouara: Miyadikoi noAol

@ O1 uiyadikoi néAol epgavi¢ovial oe culuyn) {euyn, ondte av
OUYXWVEUOOULE TA AVTIOTOIXA [JOVWVUA, MPOKUMTE!

(s 4+ a + jwg)(s + @ — jwp) = (s + @) + wf (32

@ onodte otV avAmuén o€ PePIKA KAACUATA 8a eupaviotel 6pog TG HOPPNS

Ars + Ao

——————— 33
(s+ a)? + w?
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

Avarmuin oe uepikd kAdouara: Miyadikoi noAol

@ O1 uiyadikoi néAol epgavi¢ovial oe culuyn) {euyn, ondte av
OUYXWVEUCOUE TA AVTIOTOIXA JOVWVUNA, MPOKUMTE!

(s 4+ a + jwg)(s + @ — jwp) = (s + @) + wf (32

@ ondrte otV avdanmun oe PepIKA KAAouUaTa Ba eu@aviotel 0pog TG MOPPNG

A]S =+ A2 (33)
(s+ a)?+ w3

@ KAl yia TNV AVTIGTPOPH ToU SPOU AuToU XPNOIUOMOIoUVTAl Ol OXECEIG

s+«
(s+a)? +wj’
__w
(s+a)? +wf’

Re{s} > —« £ o7 cos wot u(t) (34

=1
Re{s} > —« £ e sinwot u(t). 3%
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

Avamuin oe Pepikd kAdouara: MNoAanAoi TETPAYwWVIKOI MAPAyovTEG

@ XNV NepIinTwon autr KAVOULE TNV ENEKTAcN

A _ A]S+B] A2$+Bz 4 AkS-I-Bk (36)
(2+a)k  £+a (2+a)2 7 (2+a)k
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

Avamuin oe Pepikd kAdouara: MNoAanAoi TETPAYwWVIKOI MAPAyovTEG

@ XNV NepIinTwon autr KAVOULE TNV ENEKTAcN

A _ A1s + By Azs + By 4 Ais + By (36)
(2+a)k  £+a (2+a)2 7 (2+a)k
@ kal and Ta ek TauTdTNTAG I0a MOAUWVULIA EEIGWVOULIE TOUG CUVTEAECTEG
TWV 15iwv SUVAPEWV TOU S.
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

X(s) dev éxel nOAManhoUg NGNoUG Kal N TGEN Tou apiBunT N(s) eival

MIKPSTEPN and auTrA Tou napovouaoTd D(s)

@ loxuel

@7




YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

X(s) dev éxel nOAManhoUg NGNoUG Kal N TGEN Tou apiBunT N(s) eival

MIKPSTEPN and auTrA Tou napovouaoTd D(s)

@ loxuel

x(s)= M) _ g~ A

D(s) “s+a
@ H nepioxr) cuykhiong Tou X(s) uropei va eEaxBei and Tig nepioxéq
GUYKAIONG TwV EMUEPOUG OpwV. YNdpxouv dUo duvardtnTeg yia ToV
QVTICTPOPO PeTaoxnuanopd Laplace:

@7




YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

X(s) dev éxel nOAManhoUg NGNoUG Kal N TGEN Tou apiBunT N(s) eival

MIKPSTEPN and auTrA Tou napovouaoTd D(s)

@ loxuel

X(s) = Ns) _ > al @37)

D(s) “'s+a
@ H nepioxr) cuykhiong Tou X(s) uropei va eEaxBei and Tig nepioxéq
GUYKAIONG TwV EMUEPOUG OpwV. YNdpxouv dUo duvardtnTeg yia ToV
QVTICTPOPO PeTaoxnuanopd Laplace:
@ ROC d€tid Tou NOAoU s = —q;, ondTe

A ol _
E A e ¥yt 38
Ta p e M u(t) 38




YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

X(s) dev éxel nOAManhoUg NGNoUG Kal N TGEN Tou apiBunT N(s) eival

MIKPSTEPN and auTrA Tou napovouaoTd D(s)

@ loxuel

N(S) A,'
X(s) = —/—= = . @37)
(s) D(s) ; s+ q
@ H nepioxr) cuykhiong Tou X(s) uropei va eEaxBei and Tig nepioxéq
GUYKAIONG TwV EMUEPOUG OpwV. YNdpxouv dUo duvardtnTeg yia ToV
QVTICTPOPO PeTaoxnuanopd Laplace:

@ ROC d€tid Tou NOAoU s = —q;, ondTe
A ! _
E Ae M u(t (38)
o j (1)
@ ROC apiotepd 1ou NGAOU s = —q;, OndTE
A —1
L E s A e u(—t). 39

s+ o




YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

Mapddeiypa 6.5 (1)

. 1
Eotw X(S) = m, Re{s} > —1.
@ AvaAUovriag oe ABpoIoua HEPIKWY KAACUATWY MNaipvoupe
1 A B

- - 40
XO) =G+ 541 Tsto “0
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

Mapddeiypa 6.5 (1)

‘Eotw X(s) = m,Re{s} > —1.

@ AvaAUovriag oe ABpoIoua HEPIKWY KAACUATWY MNaipvoupe

X(s) 1 A8 40
S) = =
(s+1)(s+2) s+1 s+2
@ 4nou
1
o] =l i
1
B — + 2)X = =—1. 42
|:(s ) (S):| s=—2 s+ 1 s=—2
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

Mapddeiypa 6.5 (1)

‘Eotw X(s) = m,Re{s} > —1.
@ AvaAUovriag oe ABpoIoua HEPIKWY KAACUATWY MNaipvoupe
X(s) 1 A8 40
S) = =
(s+1)(s+2) s+1 s+2
@ ornou
A [( + 1)X( )] L 1 @mn
s=—1 §+2 s=—1
1
B = [(s—i— 2)X(s)] = —— (42
s=—2 s+ 1 s=—2
e ‘Apa
1 1
X(s) = — ——, Re{s}>-1. 43

s+1 s+2’
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

MNapdadeiyua 6.5 (2)

@ Mpénel va ek\éEw oav ROC kd&Be dpou My nepioxr| Ry (R,) mou eivai
1€10Ia WOoTe Ry M R, va icoutal ye 1n doouévn ROC = {s : Re{s} > —1 }
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

MNapdadeiyua 6.5 (2)

@ Mpénel va ek\éEw oav ROC kd&Be dpou My nepioxr| Ry (R,) mou eivai
1€10Ia WOoTe Ry M R, va icoutal ye 1n doouévn ROC = {s : Re{s} > —1 }

o Apkef: Ry = {s: Re{s} > —1} kai R, = {s: Re{s} > —2},
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

MNapdadeiyua 6.5 (2)

@ Mpénel va ek\éEw oav ROC kd&Be dpou My nepioxr| Ry (R,) mou eivai
1€10Ia WOoTe Ry M R, va icoutal ye 1n doouévn ROC = {s : Re{s} > —1 }

o Apkef: Ry = {s: Re{s} > —1} kai R, = {s: Re{s} > —2},

@ ondre

x(t) = e "u(t) — e ?u(t). a4

Mertaoxnuanoudg Laplace 41/97



YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

MNapdadeiyua 6.5 (3)

‘Eotw X(S) = (s_,’_])]w, RC{S} < —2.

o Apkei R = {s:Re{s} < —1} ka R, = {s: Re{s} < —2},
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

MNapdadeiyua 6.5 (3)

Eotw X(s) = m Re{s} < —2.
o Apkei R = {s:Re{s} < —1} ka R, = {s: Re{s} < —2},
@ ondre
x(t) = —e~u(—1) + e Zu(~1). (45)
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

MNapdadeiyua 6.5 (4)

‘Eotw
1

=Ty

—2 < Re{s} < —1. (46)

o Apkei R = {s: Re{s} < —1} kai R, = {s: Re{s} > —2},
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YRoAoyIouOC TOU avTIoTPOPOU JETAoXNUATIcpoU Laplace

MNapdadeiyua 6.5 (4)

‘Eotw
1

=Ty

—2 < Re{s} < —1. (46)
o Apkei R = {s: Re{s} < —1} kai R, = {s: Re{s} > —2},
@ ondre

x(t) = —e "u(—1) — e %u(t). a7
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

@ EEerdloupe mig 1016TNTEG TOU (BiMAeupou) petacxnuanouou Laplace.
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

levika

@ EEerdloupe mig 1016TNTEG TOU (BiMAeupou) petacxnuanouou Laplace.

@ ‘Onou undpxouv dIaPopPOonoINCEIC, MAPABETOULE TIG AVTIOTOIXEG IDIOTNTEG
yIQ TO HOVOMAEUPO peTacxnuanopd Laplace.
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

Fevika
@ EEerdloupe mig 1016TNTEG TOU (BiMAeupou) petacxnuanouou Laplace.
@ ‘Onou undpxouv dIaPopPOonoINCEIC, MAPABETOULE TIG AVTIOTOIXEG IDIOTNTEG
yIQ TO HOVOMAEUPO peTacxnuanopd Laplace.

@ I OAeg TG ANAEG MEPIMTWOEIG, O IBIOTNTEG TOU SIMAEUPOU ETACXNUATICOU

Laplace 1oxUouv Kal yid TO IOVOMAEUPO.

XapaktnpioTikd {euyn diNAeupwV UETACXNUATIOUWY Laplace
13161TNTEC diNAeupou PeTaoxnuancuou Laplace
1316TNTEC MOVOMAEUPOU UeTacXnUaTiopoU Laplace

Mertaoxnuanoudg Laplace
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

loauuikn 1816TNTa

Av x(1) PN X(s) e ROC: R; kai g(1) PN G(s) ue ROC: Ry, 161€

ax(t) + bg(t) £ ax (s) + bG(s), ROC: mepiéxeimv Ry N Ry,  (48)

H neploxr) cUykNiong unopei va eival eupuUrepn, otav Adyou xdpn
efoudetepwvertal €vag noAog and éva pndevikod.
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

Mapddeiyua 6.6

Na urnohoyioTei o petaoxnuanoudg Laplace tou oruarog x(1) = xi (1) — xo(t)
orav

R —1
o Refs) >

Bl s (s+1)](s+2)’ Refs} > —1.

E@apudloviag 1n ypauuikn 1I810TNTa npokUnTel

c 1 1
x(1) = X(s) = X(s) = %0) = =5~ T2
(s+2)—1 _ 1

(s+1)(s+2) s+2
e nepioxry ouykhiong Re{s} > —2.

Mertaoxnuanoudg Laplace
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

Mertarénion oto xpévo

Av x(1) PN X(s) pe ROC: R, 161€

x(t — 1) <=5 e~ X(s), ROC: R. 49)

H nepioxry cUykAiong napauével idia.
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

XPOVIKA KNIMAKWOoN

Av x(1) PN X(s) pe ROC: R, 161€

x(at) <= x(g), ROC: B (50)

1
|al
Y70 HOVOMAEUPO PETaoxXnuUamopd Laplace n npayuarnkr) ota8epd KANAKWwoNG a
npénel va eival Betikr), dnAadny a > 0.
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

XPOVIKr) KNUAKWON

H neploxry cuykNiong otny (50) epunveuetal wg €gNG: Av R eivai n
YOOUUOOKIAQOWEVN MEPIOXN TOU Zxr']umoq (), 161€ N V€A NepPIoxr) CUYKAIONG g
Ba eival N Awpida ueTatu va 2 ki g Tou Ixnuarog (B). n ornoia yia a > 1 8a

eival oTevotepn TG APXIKNG, evoo yia 0 < a < 1 6a eival eupurepn. Mpopavwg
yia a < 0 6a avaotpagei n SIATagn Twv r Kal ry.

Tm{s} Im{s}

: Ref{s} Re{s}

(<) ®)

a2
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

Mapaywyion oto xpdvo (1)

e Av x(t) eival napaywyioiun kai ekB8eTtikig 14ENG kaBwg T — +00 Kal
x(1) PN X(s) ue ROC: R 1é1€

ax(t
—):j(f) Ly sX(s), ROC: nepiéxermv R. 6N

Meraoxnuanouds Laplace 474




IB16TNTEC TOU PETaoxnuaTIouoU Laplace

Mapaywyion oto xpdvo (1)

e Av x(t) eival napaywyioiun kar ekBeTIKNG TAENG KABWG t — £00 Kal
x(1) PN X(s) ue ROC: R 1é1€

ax(t) ¢
—
dt

sX(s), ROC: nepiéxermv R. ()

@ AnddeiEn:

= | t —S’} — [ t —S’} X 52
I @] = [0 et e
eneidr ol npwrol duo épol oty (52) eival undevikoi étav x(t) eiva
€KBeTIKNG TAENG yia t — Fo0.

Meraoxnuanopdg Laplace. 42497




IB16TNTEC TOU PETaoxnuaTIouoU Laplace

Mapaywyion oto xpdvo (2)

@ Mapampnore ém yia x(1) = u(t), o petaoxnuamnopds Laplace g
BNUATIKAG CUVAPTNONG KAT ePappoyn NG e§icwong opIcuoU MPOoKUMTEl WG
X(s) = 1 pe Re{s} > 0.
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

Mapaywyion oto xpdvo (2)

@ Mapampnore ém yia x(1) = u(t), o petaoxnuamnopds Laplace g
BNUATIKAG CUVAPTNONG KAT ePappoyn NG e§icwong opIcuoU MPOoKUMTEl WG
X(s) = 1 pe Re{s} > 0.

o Eneidn au(t) _ = (1), epapudloviag v (51) naipvoupe o(t &L ue
T ar

ROC: 6)o 10 s-eninedo. )
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

Mapaywyion oro xpdvo (3)

@ [a 10 povoénieupo petaoxnuanoud Laplace n (61) diagpoponoleital oe

ax(t)
dt

HE, sy (s) = x(07), ROC: nepiéxer v R (53)

6riou X'(s) eival o povémieupog petaoxnuanopds Laplace tou orjuarog
x(t) ka1 x(07) eivar n mury Tou x(t) yia t = 0.
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

Mapaywyion oro xpdvo (3)

@ [a 10 povoénieupo petaoxnuanoud Laplace n (61) diagpoponoleital oe

ax(t)
dt

HE, sy (s) = x(07), ROC: nepiéxer v R (53)

6riou X'(s) eival o povémieupog petaoxnuanopds Laplace tou orjuarog
x(t) ka1 x(07) eivar n npry Tou x(t) yia t = 0.

@ [lpdayuar o deltepog dpog otnv (52) tpononoleital oe
lin;_,g— x(f)e_“} = x(07). Na amarég ouvapmoeig x(0~) = 0.
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

Mapaywyion oro xpdvo (3)

@ [a 10 povoénieupo petaoxnuanoud Laplace n (61) diagpoponoleital oe

ax(t)
dt

HE, sy (s) = x(07), ROC: nepiéxer v R (53)

6riou X'(s) eival o povémieupog petaoxnuanopds Laplace tou orjuarog
x(t) ka1 x(07) eivar n npry Tou x(t) yia t = 0.

@ [lpdayuar o deltepog dpog otnv (52) tpononoleital oe
lim;_,o— [x(f)e_“} = x(07). Na amarég cuvaptioeig x(0~) = 0.

o Avx(n (07) eivar o1 Ipég TG n-otmg Napaywyou oro 0, n (53) yevikeveral
oe

ug{ d ;f’) } _ X (s) = x(07) = 2D(07) = ... —xD(07)
54
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

MNapaywyion oto s- eninedo

@ Alagopiloviag aupdtepa 1a uéEAN G (B) we NPog s

dX(s)

+oo
= / (—1) x(t) e~ at (55)

ds —69
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

MNapaywyion oto s- eninedo

@ Alagopiloviag aupdtepa 1a uéEAN G (B) we NPog s

xls) _ /+°°(—f) x() e~ o

ds

—00

@ onodre cuvayoupe ot av x(t) £ x (s) e ROC: R, 161€

ax
—tx(1) <= d(s), ROC: R,
S

(C))

66)

Mertaoxnuanoudg Laplace
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

OANOKANPWON OTOV XPOVO

Av x(1) PRI X(s) ue ROC: R, 161€

t
E[/ x(A) d)\] = %X(s), ROC: nepiéxei mv RN {Re{s} > 0}. (57

—0o0

Y70 JOVOMAEUpPO PeTaoxnuanopd Laplace undpxouv dUo NapaAAayEG TNG
1D10TNTAg AUTAG:

t
L{E[/ x()\)dA} = %X(s), ROC: nepiéxei mv RN {Re{s} > 0}(58)

u.c[ / T x()\)d)\] = 1X(5) + - / " O)an

—0 SJ -0

ROC: nepiéxei mv RN {Re{s} > 0}. &9
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

ONOKANPWON CTOV XPOVOo

An6deiEn (59): Eotw g(t) = [7_ x(A)dA. Tére

t

a(t) = /0_ x(A) d)\-i-/f x(A)d\ = g(07) +/ x(A)dA.  (60)

—00 0~
[ —
9(07)
ANMG dgT(:) = x(t). ondre

uc{d%gﬂ} _ U[,{x(f)}@ o)

sG(s) —g(07) = X(s) &
G) = 1)+ 500, ©
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

Mertaronion orto s-eninedo

Av x(t) &£ X(s) pe ROC: R, 161€

e x(t) += X(s—s), ROC: R+ Re{s} 63)
& x(f) =5 X(s—jwo), ROC: R. )
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

YUVENEN dUo onuATwV

Av x(1) PN X(s) e ROC: R; kai g(1) PN G(s) ue ROC: Ry, 161€

(x*xg)(1) PN X(s) G(s), ROC: nepigxeimv Ry N Ry. (65)

AnddeiEn:

E{(X*g)(f)} - /_Z{/_ZX(A)g(f—A)dx}e—sfoﬁ:

= / x()\)e_S)‘d)\/ a(t—Ne " Nax =

—00 —00

= X(s) &(s). 60) |
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

Yné g cuverikeg 6m x(1) = 0 yia t < 0 kai x(1) Sev nepiéxel KPOUTTIKOUG
naAuoUcg ) avwualieg avwtepnc TGENG yia + = 0, 1IoxUel To Bewpnua APXIKAC
TIUAG

lim x(t) = lim sX(s) 67

t—0t $—00

Kal To Bewpnua TENIKAG TIUNG

lim x(t) = lim sX(s). (68)
S

t—o0
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

OewpnuaA APXIKNG Kal TENIKNG TIUNAG

Eneidn x(1) = O via t < 0, éxoupe x(1) = x(t)u(t). Av avanmiEoupe 1o x(1)
kard Taylor nepi 1o 01 naipvoupe

x(f) = [x(o+) +x)t+.. + x(”)(0+);—: +.. ] u(t) 69

énou x(M(0) eivar n ur TG n-otrg napaydyou yia t = 0. YrohoyiZovrag 1o
UETAoXNUATopd Laplace au@otépwV Twv NMAEUPWVY TG NPOKUMTE!

(9 X(n) (0+) 0
D o @)

n=0

X(s)

4rou EyIVE Xprion ToU JETACXNUATIOUOU

Yot £ XA0)

x(”)(0+)(n! o Refs}>o. an

y
Mertaoxnuanoudg Laplace
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

Gewpnua ApPXIKNG Kal TENIKNG TIUAG

Onore et
x\V(0
sX(s) = x@(0t) + (%) + ... 72)
MoU OAOKANPWVEI TNV anddelEn Tou BewpnuaTog TNG AEXIKAG TIMAG. av Ndpouue
10 6pIO YIA § — 0.
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

GewpnuUa ApPXIKNG Kal TENIKNG TIUNG
Eneidn) x(1) = 0 yia t < O naipvoupe 1o HovOreupo petacxnuanous Laplace
yla va cupnepIAGBoUE Kal TUXOV JN-UNJEVIKEG apXIKEG CUVBNKEG, ondte

ax(t
ug{ al )} = sX(s) — x(07). 73)
Av NApoupE 1O OPIO AUPOTEPWY TWV LUEPWV TNG YIa s — 0 npokurTel
o ax(t
lim / &e_“df = lmsX(s) —x(07) &
s—0 Jo- dt s—0
[im_ x(t) —x(07) = sl[nmsX(s) —x(07) 74)

nou oAoKANpwvel TNV anddeiEn Tou BewPNUATOG TNG TENIKNG TIMAG.
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

©ewpnuUa ApPXIKNG Kal TENIKNG TIMNAG

To Bewpnua TNG TEAIKNG TIUNG XENOIWOoMOIETal yia TNV eUpeon TNG TIUNG EVOG
oNUaTog otn Jéviun kardctaon (Icopponia).

To Bewpnua NG TENKAG TIUNG dev IoxUel étav n sX(s) éxel ndAoug oTo Bek
nuieninedo 1 otov eaviaoTtikd dtova.

Edv undpxouv noAol oto deki nuieninedo, autoi aviicToixoUv o€ autavopeva
ekBeTkd oruara oro Nedio Tou XPAVoU TwV oroiwv To Opio yia F — 0o dev
undpxel.

YNV Nepintwon Nou UndpxouVv MOAOI OTOV jw AEova, AuToi avTIoTOIXoUV Ce
kaBapd nuitova kai 1a épia yia t — 0o opilovral Je xprnon TG Bewpiag Twv
YEVIKEUUEVWY OUVOPTACEWV.
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

MovonAeupog ueTacxnuUanouog Laplace nuI-nepiodIkwy CUVAPTIOEWY

Aev pAGuEe yia auoTnp®s NEPIOdIKA CrATa, aAd yia CUVAPTHOEIG Mou eival
‘MePIODIKES yIa BeTIKoUG Xpdvoug. ‘EOTw To Orua TG Npwing nepiddou

xr(f):{ x(t) av0<t<T

75
aA\oU 79

T6TE éva NUI-NePIodikS onua x(1) unopei va ekppaoctei cav

x(1) = xr(t) + x;(t = T) + x(+ — 2T) ZXT(T —KT).  (76)

v
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

MovonAeupog JETAOXNUATIONOG Laplace nui-nepliodIKwy CuVapTHOEWV

Av xr(t) HE, Xr(s), 1o1e

xr(t — KT) HE, Xr(s) e ¥ 7.

Onore
(o]
X(s) = Llﬁ{
k=0
o
= ) Xi(s) e = Ar(s)
k=0
Enouévwg

x(1) 5 Xy(s)

(e}

k=0

1—e

xr(t — kT)} = ibfﬁ{xr(f - kT)}

—sT°

an

78)

a9
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

Mapddelyua 6.7

Na npoodiopiorei o peraoxnuanouds Laplace twv u(t) kai coswot u(t).
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

Mapddelyua 6.7

Na npoodiopiotei o peraoxnuancudg Laplace twv u(t) kar cos wot u(t).
Mapatnpoupe o1 kal Ta dUo cnpara eival detidg nieupdg. Eneidn yiat < 0
pundevilovral, o SINAEUPOG Kal O JOVONAEUPOG UETAOXNUATIoOUSG Laplace
Tautigovral. O petaocxnuanopsdg Laplace Tou u(t) eiva

E{u(f)} = /OOO e at = e__:

(o)

1
= —, Re{s}>0.
s

0

80)
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

Mapddelyua 6.7

Na npoodiopiotei o peraoxnuancudg Laplace twv u(t) kar cos wot u(t).
Mapatnpoupe o1 kal Ta dUo cnpara eival detidg nieupdg. Eneidn yiat < 0
pundevilovral, o SINAEUPOG Kal O JOVONAEUPOG UETAOXNUATIoOUSG Laplace
Tautigovral. O petaocxnuanopsdg Laplace Tou u(t) eiva

) —st |00
E{u(f)} =/ oot =2 ;
A -

0

1
= -, Re{s} >0. (80)
S

MNa 1o onua cos wot u(t) éxoupe

E{ coswot u(f)} _ g{1ejwofu(,)+;ewu(,)}
_ ( 1 ) =

2s—jw0 s + jwo sz+

Re{s} > 0.(81)

v
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

MNapdadeiyua 6.8

Na urooyioTei o avtioTpo®og petaoxnuanopds Laplace tou X(s) = é
Re{s} > 0.
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

MNapdadeiyua 6.8

Na uroAoyIoTei 0 avTIoTPOPOG HETAoXNUATIoUSG Laplace tou X(s) = %

Re{s} > 0.
And TNV 1810TNTA TOU PETAoXNUATIopoU Laplace Tou oOAOKANPWUATOC Naipvouue

1

oénou :
X(s) = PR u(t) 83
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

MNapdadeiyua 6.8

Na uroAoyIoTei 0 avTIoTPOPOG HETAoXNUATIoUSG Laplace tou X(s) = %

Re{s} > 0.
And TNV 1810TNTA TOU PETAoXNUATIopoU Laplace Tou oOAOKANPWUATOC Naipvouue

1

oénou :
X(s) = PR u(t) 83

£“{é} = /_foo u(\)ad\ = /Or a\ = tu(t). (84)

dpa
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

MNapdadeiyua 6.8

Na uroAoyIoTei 0 avTIoTPOPOG HETAoXNUATIoUSG Laplace tou X(s) = é
Re{s} > 0.
And TNV 1810TNTA TOU PETAoXNUATIopoU Laplace Tou oOAOKANPWUATOC Naipvouue
1 11 1
2 ss s (s) e
oénou
1 -1
X(s) = = &= u(1) (83)
s
dpa
1 t t
£“{—} = / u(\)ad\ = / a\ = tu(t). (84)
32 —00 0
Tuvenwg
L
tu(t) <— 2 Re{s} > 0. (85)
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

MNapddelyua 6.9

Na uroAoyioTei o povénieupog uetacxnuanoudg Laplace g napaywyou Tou
onuarog cos wot u(t).
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

MNapddelyua 6.9

Na uroAoyioTei o povénieupog uetacxnuanoudg Laplace g napaywyou Tou
onuarog cos wot u(t).

Epapudloviag v 1Id1étnTa g diapodpiong

uc{% Cos it u(T)} — sX(s) — x(07) 6)
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

MNapddelyua 6.9

Na unoAoyioTei 0 HoVONAEUPOG JETACXNUATICHOG Laplace TNG napaywyou Tou
onuarog cos wot u(t).
E@appudlovrag v 1d1é61nta g diapdpiong

uc{;cmwdqn}:sx@y—qwj 6)

ANMG yia x(1) = coswot u(t) o HovONAeupog kal SINAEUPOG HETACXNUATIONOG
Laplace tautiCovral, onéte and Tov lMivaka {euywv JETAOXNUATICUWY MPOKUNTE

X@:Mﬂ:?iy Re{s} > 0. @7
0
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

MNapddelyua 6.9

Na unoAoyioTei 0 HoVONAEUPOG JETACXNUATICHOG Laplace TNG napaywyou Tou
onuarog cos wot u(t).
E@appudlovrag v 1d1é61nta g diapdpiong

uc{;cmwdqn}:sx@y—qwj 6)

ANMG yia x(1) = coswot u(t) o HovONAeupog kal SINAEUPOG HETACXNUATIONOG
Laplace tautiCovral, onéte and Tov lMivaka {euywv JETAOXNUATICUWY MPOKUNTE

X(s) = X(s) = gj 5, Re{s} >0. @7
Eneidn x(07) = u(0™) = 0, TeNK®G naipvoupe

82

L{E{coswof u(T)} =2 Re{s} > 0. (88)
0
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

MNapdadelyua 6.10

Na unoloyioTei o peraoxnuanopds Laplace tou onfuarog e "u(t) * e Tu(t).
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

MNapdadelyua 6.10

Na unoloyioTei o peraoxnuanopds Laplace tou onfuarog e "u(t) * e Tu(t).
Epapudloviag v 1Id1dTnTa TnG CUVENIENG naipvoupe

c{e—fu(f)*e—fu(f)} _ c{e—fu(f)}.z:{e—fu(f)} _ (s+]—1)2 Re{s} > —1
89))
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

Yx€on Jetacxnuanopwy Laplace kai Fourier

lMNa va undpxel o yetacxnuanopog Fourier, apkei o jw dgovag (BnAadn, n

euBeia Re{s} = 0) va avrikel v nepioxri GUYKAIONG TOU JETACXNUATICHOU
Laplace.
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

MNa va undpxel o uetacxnuanoudg Fourier, apkei o jw dtovag (dnAadn, n
euBeia Re{s} = 0) va avrikel v nepioxri GUYKAIONG TOU JETACXNUATICHOU
Laplace. Touro iIcoduvapei ue Ty anaitnon oAol ol NOAol €ival oTo apIoTEPO
s-nuieninedo n navw orov jw afova.
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

MNa va undpxel o uetacxnuanoudg Fourier, apkei o jw dtovag (dnAadn, n
euBeia Re{s} = 0) va avrikel v nepioxri GUYKAIONG TOU JETACXNUATICHOU
Laplace. Touro iIcoduvapei ue Ty anaitnon oAol ol NOAol €ival oTo apIoTEPO
s-nuieninedo n navw orov jw afova.

@ Av ol NéAoI KEToVTal OTO APIoTEPO S-NUIENINEDO, © JETACXNUATIONOG Fourier
npokunrel KAVOVIAG TNV AvTikatdotaon :

X(w) = X(s) . (90)

s=jw
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

MNa va undpxel o uetacxnuanoudg Fourier, apkei o jw dtovag (dnAadn, n
euBeia Re{s} = 0) va avrikel v nepioxri GUYKAIONG TOU JETACXNUATICHOU
Laplace. Touro iIcoduvapei ue Ty anaitnon oAol ol NOAol €ival oTo apIoTEPO
s-nuieninedo n navw orov jw afova.

@ Av ol NéAoI KEToVTal OTO APIoTEPO S-NUIENINEDO, © JETACXNUATIONOG Fourier
npokunrel KAVOVIAG TNV AvTikatdotaon :

X(w) = X(s) o 90

@ Av undpxouv MONoI NAvw oToV jw GEova, TéTe 10 oApa x(1) oro nedio Tou
XPOVOU MEPIEXEI CUVNUITOVOEIDEIG dpoug, ondrte:
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

MNa va undpxel o uetacxnuanoudg Fourier, apkei o jw dtovag (dnAadn, n
euBeia Re{s} = 0) va avrikel v nepioxri GUYKAIONG TOU JETACXNUATICHOU
Laplace. Touro iIcoduvapei ue Ty anaitnon oAol ol NOAol €ival oTo apIoTEPO
s-nuieninedo n navw orov jw afova.

@ Av ol NéAoI KEToVTal OTO APIoTEPO S-NUIENINEDO, © JETACXNUATIONOG Fourier
npokunrel KAVOVIAG TNV AvTikatdotaon :

X(w) = X(s) . (90)

s=jw

@ Av undpxouv MONoI NAvw oToV jw GEova, TéTe 10 oApa x(1) oro nedio Tou
XPOVOU MEPIEXEI CUVNUITOVOEIDEIG dpoug, ondrte:

@ TMpoodiopitoupe To x(1) ue aviioTpo®H Tou petacxnuanopoy Laplace.
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

MNa va undpxel o uetacxnuanoudg Fourier, apkei o jw dtovag (dnAadn, n
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@ Av undpxouv MONoI NAvw oToV jw GEova, TéTe 10 oApa x(1) oro nedio Tou
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IB16TNTEC TOU PETaoxnuaTIouoU Laplace

MNa va undpxel o uetacxnuanoudg Fourier, apkei o jw dtovag (dnAadn, n
euBeia Re{s} = 0) va avrikel v nepioxri GUYKAIONG TOU JETACXNUATICHOU
Laplace. Touro iIcoduvapei ue Ty anaitnon oAol ol NOAol €ival oTo apIoTEPO
s-nuieninedo n navw orov jw afova.

@ Av ol NéAoI KEToVTal OTO APIoTEPO S-NUIENINEDO, © JETACXNUATIONOG Fourier
npokunrel KAVOVIAG TNV AvTikatdotaon :

X(w) = X(s) . (90)

s=jw

@ Av undpxouv MONoI NAvw oToV jw GEova, TéTe 10 oApa x(1) oro nedio Tou
XPOVOU MEPIEXEI CUVNUITOVOEIDEIG dpoug, ondrte:

@ TMpoodiopitoupe To x(1) ue aviioTpo®H Tou petacxnuanopoy Laplace.
@ Yrohoyi¢oupe 1o peTacxnuarnoud Fourier mou aviioToIxei o1o x(f) rnou
BPEBNKE MPONYOUUEVWG.
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

YuvApPTNON CUCTAUATOG

@ H andkpion evég I X.A. cUCTAUATOG Pe KPOUOTIKR andkpion h(t) o éva
LIYaBIKG ekBeTkd TG Hopie &5 eivai y(1) = H(s) &St énou

H(s) = / h h(t) e at. ©n

—00

Mertaoxnuanoudg Laplace 60/97



AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

YuvApPTNON CUCTAUATOG

@ H andkpion evég I X.A. cUCTAUATOG Pe KPOUOTIKR andkpion h(t) o éva
LIYaBIKG ekBeTkd TG Hopie &5 eivai y(1) = H(s) &St énou

H(s) = / h h(t) e at. ©n

—00
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

YuvApPTNON CUCTAUATOG

@ H andkpion evég I X.A. cUCTAUATOG Pe KPOUOTIKR andkpion h(t) o éva
LIYaBIKG ekBeTkd TG Hopie &5 eivai y(1) = H(s) &St énou

H(s) = / h h(t) e at. ©n

—00
e MNas € C npokunrel o petacxnuanopds Laplace g h(t). nou avagépetal
WG ouvAapTNon cucTtAuaTog (system function) | cuvaptnon YeTapopdg
(fransfer function).
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

YuvApPTNON CUCTAUATOG

@ H andkpion evég I X.A. cUCTAUATOG Pe KPOUOTIKR andkpion h(t) o éva
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—00
e MNas € C npokunrel o petacxnuanopds Laplace g h(t). nou avagépetal
WG ouvAapTNon cucTtAuaTog (system function) | cuvaptnon YeTapopdg
(fransfer function).
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv

XPNOIMOMOIWVTAG TO JeTacxnuanouod Laplace

YuvApPTNON CUCTAUATOG

@ H andkpion evég I X.A. cUCTAUATOG Pe KPOUOTIKR andkpion h(t) o éva
LIYaBIKG ekBeTkd TG Hopie &5 eivai y(1) = H(s) &St énou

o
H(s) = / h(t) e at. ©n
—00

e MNas € C npokunrel o petacxnuanopds Laplace g h(t). nou avagépetal
WG ouvAapTNon cucTtAuaTog (system function) | cuvaptnon YeTapopdg
(fransfer function).

@ Ano mv 1ID16TNTa TNG CUVENIENG MpokUnTel Tl o JeTaoxnuanoudg Laplace
g e§ddou evdg I X.A. cuotiuarog eivar Y(s) = H(s) X(s). énou X(s) o
peTaoxnuanopog Laplace 1ng dieéyepong.
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv

XPNOIMOMOIWVTAG TO JeTacxnuanouod Laplace

YuvApPTNON CUCTAUATOG

@ H andkpion evég I X.A. cUCTAUATOG Pe KPOUOTIKR andkpion h(t) o éva
LIYaBIKG ekBeTkd TG Hopie &5 eivai y(1) = H(s) &St énou

o
H(s) = / h(t) e at. ©n
—00

e MNas € C npokunrel o petacxnuanopds Laplace g h(t). nou avagépetal
WG ouvAapTNon cucTtAuaTog (system function) | cuvaptnon YeTapopdg
(fransfer function).
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g e§ddou evdg I X.A. cuotiuarog eivar Y(s) = H(s) X(s). énou X(s) o
peTaoxnuanopog Laplace 1ng dieéyepong.
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

YuvApPTNON CUCTAUATOG

@ H andkpion evdg IX.A. CUCTAUATOG KE KPOUOTIKY andkpion h(t) o éva
LIYaBIKG ekBeTkd TG Hopie &5 eivai y(1) = H(s) &St énou

o
H(s) = / h(t) e~ at. ©n
—00

@ Na s € C npokunrel o peraocxnuanoudg Laplace g h(f), Mou avagEépeTal
WG ouvAapTNon cucTtAuaTog (system function) | cuvaptnon YeTapopdg
(fransfer function).

@ Ano mv 1ID16TNTa TNG CUVENIENG MpokUnTel Tl o JeTaoxnuanoudg Laplace
g e§ddou evdg I X.A. cuotiuarog eivar Y(s) = H(s) X(s). énou X(s) o
petaoxnuanoudg Laplace ng diyepong.

@ [MoA\EG 1B1dTNTEG Tou . X.A. CUCTAUATOG MNOPOUV VA CUCXETICTOUV e
1D16TNTEG TNG CUVAPTNONG CUCTAUIATOG OTO s-eninedo.
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv

XPNOIMOMOIWVTAG TO JeTacxnuanouod Laplace

Amardmnra

H kpouaortikiy andkpion evog amarou IX.A. cuctiuarog eival undév yia t < 0.
Kard cuvéneia n kpouaoTIKr andkplion eival de81dg nAeupdg, ondte I0XUoUV
@ Id16mTa 1: H nepioxr) cUykNiong g cuvdpmong cuotuarog H(s) evog
amarou . X.A. cuotuarog eival éva deti nuieninedo.
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv

XPNOIMOMOIWVTAG TO JeTacxnuanouod Laplace

Amardmnra

H kpouaortikiy andkpion evog amarou IX.A. cuctiuarog eival undév yia t < 0.
Kard cuvéneia n kpouaoTIKr andkplion eival de81dg nAeupdg, ondte I0XUoUV
@ Id16mTa 1: H nepioxr) cUykNiong g cuvdpmong cuotuarog H(s) evog
amarou . X.A. cuotuarog eival éva deti nuieninedo.
@ Idi161Ta 2: MNa cuctuara e pnim cuvépmon ocuotuarog H(s), n
amardTnTa I60duUVAlEi Ue NepIoxr) CUYKAIONG Mnou eival 3kl nuieninedo
detiotepa and Tov nid defid noAo.
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

Mapddelyua 6.11

©ewpnaTe To GUCTNUA UE KPOUGTIKR) andkpion

h(t) = e ?'u(t).
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

Mapddelyua 6.11

©ewpnaTe To GUCTNUA UE KPOUGTIKR) andkpion

h(t) = e ?'u(t).

Eneidry h(1) = 0 yia t < 0 cuvdyoupe 61 To ouoTua eival amard.
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

Mapddelyua 6.11

©ewpnaTe To GUCTNUA UE KPOUGTIKR) andkpion

h(t) = e ?'u(t).

Eneidny h(1) = 0 yia t < 0 cuvdyoupe 61 To oUoTnua eival amard. H cuvapton
OUGCTANATOG UMOAOYIZeTal AVTIKABICTWVTAG OTO eTaoxnuanoud Laplace, nou
efnxen oro oro NMapdadelyua 6.1, énou a = 2:

1
H(s) = R —2.
()= 15 Rels)>
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

Mapddelyua 6.11

©ewpnaTe To GUCTNUA UE KPOUGTIKR) andkpion

h(t) = e ?'u(t).

Eneidny h(1) = 0 yia t < 0 cuvdyoupe 61 To oUoTnua eival amard. H cuvapton
OUGCTANATOG UMOAOYIZeTal AVTIKABICTWVTAG OTO eTaoxnuanoud Laplace, nou
efnxen oro oro NMapdadelyua 6.1, énou a = 2:

H(s) = Re{s} > —2.
()= 5 Rels)
£V nepimwon aut n H(s) eival pnm kai enaAnBeveral n 0p8dTaA TG

ID1é1NTag 2.
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

Mapddeiyua 6.12

©ewprioTe To CUCTNUA e KPOUOTIKA andkpion h(t) = e~ 2,

Mertaoxnuanoudg Laplace 63/97



AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

Mapddeiyua 6.12

©ewprioTe To CUCTNUA e KPOUOTIKA andkpion h(t) = e~ 2, Mapatmpouue o
1O cUoTnua dev eival amard.
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

Mapddeiyua 6.12

©ewprioTe To CUCTNUA e KPOUOTIKA andkpion h(t) = e~ 2, Mapatmpouue o
To ouoTnua dev eival amard. Eneidr n h(t) pnopei va avaiuBei wg

h(t) = e~ ?'u(t) + e*'u(—1) av agionomnocoupe Ta Zelyn PETAcXNUATIOUGV
Laplace naipvouue

—2t L 1
t) «— ——, R —2
e “u(t) 5o FRelst>
L

1
lu(—t) <+ Y Re{s} <2
s_
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

Mapddeiyua 6.12

©ewprioTe To CUCTNUA e KPOUOTIKA andkpion h(t) = e~ 2, Mapatmpouue o
To ouoTnua dev eival amard. Eneidr n h(t) pnopei va avaiuBei wg

h(t) = e~ ?'u(t) + e*'u(—1) av agionomnocoupe Ta Zelyn PETAcXNUATIOUGV
Laplace naipvouue

ot c 1
) «— ——, R -2
e u(t) 5o FRelst>
1
e?'u(—t) PN Y Re{s} <2
s p—

Kal NpokUMTel N cuvAPTNON CUCTAUATOG

1 1 —
T 542 s—2 24

H(s)

—2 < Re{s} <2
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

Mapatnpnoeig

@ H nepioxr) cUykNIoNg g cuvdpmong cuotparog H(s) evég amarou
I X.A. cuomuarog eival éva deki nuieninedo. To aviictpo@o dev eival Kar
avAykn aAnBég. Mia neploxr) UYKAICNG cuvdapTnong CUCTANATOG OTA
Oefia Tou nid detlol NdAou dev eyyudral o1 To cUCTNHA eival amaTtd, aA\d
povo om eival SegIAg Meupdg.
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv

XPNOIMOMOIWVTAG TO JeTacxnuanouod Laplace

Mapatnpnoeig

@ H nepioxr) cUykNIoNg g cuvdpmong cuotparog H(s) evég amarou
I X.A. cuomuarog eival éva deki nuieninedo. To aviictpo@o dev eival Kar
avAykn aAnBég. Mia neploxr) UYKAICNG cuvdapTnong CUCTANATOG OTA
Oefia Tou nid detlol NdAou dev eyyudral o1 To cUCTNHA eival amaTtd, aA\d
poévo o eival defidg MAeupdc.

@ ‘Eva ovotnua Aéyertar aviamaré (anti-causal), edv h(t) =0yia t > 0. H
neploxr) OUYKAIONG evOg avTaimarol cUoTAUATog eival éva apioTepd
nuieninedo. Av n cuvdpTNon CUCTAPATOG eival pNTr, TOTE N NEPIOXN
oUykAIoNG Ba keital apiotepdTePa Tou Mid apioTePoU MOAOU.
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

MNapdadelyua 6.13

‘EOTw N ouvApTNoN CUCTAUATOG

H(s) = > Re{s} > —2. 92
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

MNapdadelyua 6.13

‘EOTw N ouvApTNoN CUCTAUATOG

S
H(S) = H_—2, RC{S} > —2. (92)

H (92) npodikalel o1 N KPOUGTIKY) andKpion h(f) eival 5ef1dg NMeupdg. Mpdyuar

and v
_ L 1
e 2rU(T) — s—|—_2’ Re{s} > -2
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

MNapdadelyua 6.13

‘EOTw N ouvApTNoN CUCTAUATOG

S

H(s)

= ——, Reis; > —2. 92)
sord {sh
H (92) npodikalel o1 N KPOUGTIKY) andKpion h(f) eival def1dg neupdq. Mpdyuar

and v
_ L 1
e 2rU(T) — s—|—_2’ Re{s} > -2

WG CUVEMeIa TNG IBIOTNTAG TNG KETATOMIONG OTO XPOVo mpokurTel n H(s)

S
—241) 1+ 1) <55 € Refst > —2
o) u(r +1) 5 el
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

MNapdadelyua 6.13

‘EOTw N ouvApTNoN CUCTAUATOG

S

H(s) = ——, Reis; > —2. 92
()= 75 Refs) @2
H (92) npodikalel o1 N KPOUGTIKY) andKpion h(f) eival def1dg neupdq. Mpdyuar
and v
—2t £ 1
e “u(t)«— ——, Rei{s; > -2
(0«5 5 Refs)

WG CUVEMeIa TNG IBIOTNTAG TNG KETATOMIONG OTO XPOVo mpokurTel n H(s)
S

e
s+2’

200 y(t 4 1) PEE Re{s} > —2

onére n kpouoTikh andkpion eivar h(t) = e~21) u(t + 1) nou eival pev

o€l |o§ MAeUPAG, ANAG JUN-aImiaT).
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv

XPNOIMOMOIWVTAG TO JeTacxnuanouod Laplace

EuotdBelia

‘Eva [ X.A. €ival eucTaBéG OTav N KPOUOTIKA TOU andKpIon €ival anoAUTwS
OAOKANPWOIUN. Enouévwg, é1av o PJetacxnuanopdg Fourier Thg KOOUGCTIKAG
andKpPIoNG e€ival KAAWGS OpIoHEVOS. OndTte IoXUouv

@ 1di16tNTa 3: ‘Eva I'X.A. ouoTnua eival euctaBég, dtav n MePIoxr) CUYKAIONG
NG CUVAPTNONG CUOCTAIATOG H(s) nepIAauBavel tov jw aGtova.
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv

XPNOIMOMOIWVTAG TO JeTacxnuanouod Laplace

EuotdBelia

‘Eva [ X.A. €ival eucTaBéG OTav N KPOUOTIKA TOU andKpIon €ival anoAUTwS
OAOKANPWOIUN. Enouévwg, é1av o PJetacxnuanopdg Fourier Thg KOOUGCTIKAG
andKpPIoNG e€ival KAAWGS OpIoHEVOS. OndTte IoXUouv

@ 1di16tNTa 3: ‘Eva I'X.A. ouoTnua eival euctaBég, dtav n MePIoxr) CUYKAIONG
NG CUVAPTNONG CUOCTAIATOG H(s) nepIAauBavel tov jw aGtova.
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

EuotdBelia

‘Eva [ X.A. €ival eucTaBéG OTav N KPOUOTIKA TOU andKpIon €ival anoAUTwS
OAOKANPWOIUN. Enouévwg, é1av o PJetacxnuanopdg Fourier Thg KOOUGCTIKAG
andKpPIoNG e€ival KAAWGS OpIoHEVOS. OndTte IoXUouv
@ 1di16tNTa 3: ‘Eva I'X.A. ouoTnua eival euctaBég, dtav n MePIoxr) CUYKAIONG
NG CUVAPTNONG CUOCTAIATOG H(s) nepIAauBavel tov jw aGtova.
@ Id161Ta 4: ‘Eva amard cUoTnua Ye pnr cuvdptnon cucTrparog H(s) eivai
euoTaBég, 1é1e Kal uévo 1é1e av dAol ol dAol NG H(s) keivial oto apiotepd
s-Nuieninedo, dNAadr dtav OAol ol MOGAOI €XOUV APVNTIKO MPEAYMATIKO HEPOG,.
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

MNapdadeiyua 6.14

‘Eotw I X.A. olotua pe kpouoTikA andkpion h(t) = e~ u(t) — e~ u(t).
Av avarpétoupe oto Mapddelypa 6.5 161e N cuvApTNoN CUCTAUIATOS NPEOKUMTE!

1

GrNeT2) Re{s} > —1.

H(s) =
To ocuUotnua eivai
@ amard, eneidn n neploxr) CUYKAIONG TG CUVAPTNONG CUCTAHATOG €ival
Oetidtepa Tou Nid detlol NGAouU Kal
@ cucTaBEg, emeldn n Neploxr CUYKAIONG TNG CUVAPTNONG CUCTANATOG
nepAaupavel Tov jw atova.
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AvAAuon Kal xapaktnEIiouog I X.A. cuotnudtwyv
XPNOIUOMOIWVTAG TO JETAoXNUaTIoNO Laplace

MNapdadelyua 6.14

AV N ouvapTNon CUCTAKATOG NTAV

1
GENG+2)
H(S) = m, RC{S} < =2 (94)

H(s) —2<Re{s} <-1 n 93)

TOTE OE AUPATEPEG TIG NEPIMTWOEIG, EMNEIBN N NEPIOXN CUYKAIoNG dev
nepiAauBavel Tov jw dkova, ano@aivéuacTe o1 Ta CUCTAUATA autd eival
aotalr. I deurepn Nepintwon 1o cUcTNUA €ival aviamard.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and

10 JIAYPAPHA NOAWV-UNDEVIKWV

@ O peraoxnuatnoudg Fourier evog oruarog eival o JETACXNUATIOUOG
Laplace unoAoyiouévog ndvw orov jw Agova.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and

10 JIAYPAPHA NOAWV-UNDEVIKWV

@ O peraoxnuatnoudg Fourier evog oruarog eival o JETACXNUATIOUOG
Laplace unoAoyiouévog ndvw orov jw Agova.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and

10 JIAYPAPHA NOAWV-UNDEVIKWV

@ O peraoxnuatnoudg Fourier evog oruarog eival o JETACXNUATIOUOG
Laplace unoAoyiouévog ndvw orov jw Agova.

@ Ba pelemooupe uia diIadikacia yia TO YEWUETPIKO UMOAOYIOUO TOU
peTacxnuaTnopou Fourier kal yevikdétepa Tou JeETaoxnuaTiouou Laplace ce
onolodnnote cnueio Tou piyadikou eninédou and 1o didypauua
NOAWV-UNSEVIKWV Mou cuvdeéeTal U éva pnrd hetacxnuanoud Laplace.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YrnoAoyioudg yetacxnuatopou Laplace Wy éva anié pndeviko (1)

@ Eotw X(s) = s — a. H mr Tou peracxnuanopou Laplace oo s; € C,
X(s1) = s1 — a, eivar évag piyadikdg apiBudg nou npokunrel wg d48poicua
TWV JIYadIKWV ApIBUWY §; Kal —a.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YrnoAoyioudg yetacxnuatopou Laplace Wy éva anié pndeviko (1)

@ Eotw X(s) = s — a. H mr Tou peracxnuanopou Laplace oo s; € C,
X(s1) = s1 — a, eivar évag piyadikdg apiBudg nou npokunrel wg d48poicua
TWV JIYadIKWV ApIBUWY §; Kal —a.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YrnoAoyioudg yetacxnuatopou Laplace Wy éva anié pndeviko (1)

@ Eotw X(s) = s — a. H mr Tou peracxnuanopou Laplace oo s; € C,
X(s1) = s1 — a, eivar évag piyadikdg apiBudg nou npokunrel wg d48poicua
TWV JIYadIKWV ApIBUWY §; Kal —a.

@ Eneidn kaBe uyadikdg apiBudc ynopei va napactabei U éva didvuua, 1o
$1 — a, NPokUMTEl WG TO BIAVUCHATIKO ABPOICHA TwV 57 KAl —a, ondTe eival
éva didvuopa nou dayeral and 1o INdevIKS (BnAadn), To ) kai deixvel oTo
onueio ;. Tote

koG Tou dlavioparog X(s) = ‘X(s1)} = UAKOG §] — a = ‘31 = a|

@don Tou diavuouarog X(s1) = £X(s1) = ywvia uetagy tou

Sliaviouarog s; — a Kal Tou npayuarnkou akova = ¢.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YrnoAoyiopog pueraocxnuanouou Laplace g éva anié undeviko (2)

Im{s}

= Re{s}
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YrnoAoyioudg yetaocxnuanopou Laplace W évav anié nolo

1

° Eotw X(s) = 5—45-

71/97
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YrnoAoyioudg yetaocxnuanopou Laplace W évav anié nolo

1

° Eotw X(s) = 5—45-

71/97
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YrnoAoyioudg yetaocxnuanopou Laplace W évav anié nolo

1

° Eotw X(s) = 5—45-
@ Kar avahoyia n miur) Tou X(s;) Ba éxel uérpo

1
X(s1)] = ——
| (S])| |S] —O’

kal pdon
ZX(S] ) = —¢.

71/97
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnoAoyioudg pnrou petacxnuanouou Laplace (1)

@ ‘Evag pnrog petacxnuanopog Laplace pnopel va ekppacTei wg

HIR:](S - Bi)
[T (s — )

X(s)=M
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnoAoyioudg pnrou petacxnuanouou Laplace (1)

@ ‘Evag pnrog petacxnuanopog Laplace pnopel va ekppacTei wg

HIR:](S - Bi)
[T (s — )

X(s)=M
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YrnoAoyioudg pnrou yetacxnuanouou Laplace (1)

@ ‘Evag pnrog petacxnuanopog Laplace pnopel va ekppacTei wg

HI{?:'l (s —B)

I (s — o)

@ ondTe N TN ToUu JETAcXNUATopoU yid § = §; 6€ NApAoTach PJETPOU-PACNG
eival X(s1) = [X(s1)|£X(s1) 6rou

X(s)=M

s ;
X)) = =l =8l 5
T o
Zi:] 4(31 - i) - Z}; 4(51 — Oéj), avM >0
AX(S]) = (96)

T+ Zf:] Lis—Bi) — ijzl (s —qy), avM<O.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YrnoAoyioudg pnrou yetacxnuanouou Laplace (2)

@ Ernopévwg 1o pétpo Tou X(s1) eival 1o pétpo Tou napdyovra khipakag M
€rMi TO YIVOPEVO TWV UNKWV TwV SIavUCUAT®V rnou ayovral and 1a undevika
Kal KATaAyouV oTo §; SIA TO YIVOUEVO TWV UNKWV TwV dIAVUCHATWV Mou
Ayovral and Toug NOAOUG KAl KATAANYOUV OTO §j.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YrnoAoyioudg pnrou yetacxnuanouou Laplace (2)

@ Ernopévwg 1o pétpo Tou X(s1) eival 1o pétpo Tou napdyovra khipakag M
€rMi TO YIVOPEVO TWV UNKWV TwV SIavUCUAT®V rnou ayovral and 1a undevika
Kal KATaAyouV oTo §; SIA TO YIVOUEVO TWV UNKWV TwV dIAVUCHATWV Mou
Ayovral and Toug NOAOUG KAl KATAANYOUV OTO §j.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YrnoAoyioudg pnrou yetacxnuanouou Laplace (2)

@ Ernopévwg 1o pétpo Tou X(s1) eival 1o pétpo Tou napdyovra khipakag M
€rMi TO YIVOPEVO TWV UNKWV TwV SIavUCUAT®V rnou ayovral and 1a undevika
Kal KATaAyouV oTo §; SIA TO YIVOUEVO TWV UNKWV TwV dIAVUCHATWV Mou
Ayovral and Toug NOAOUG KAl KATAANYOUV OTO §j.

@ Opoiwg n @don Tou X(s1) eival 1o 48POICHA TWV YWVIRV TwV SIAVUCUAT®WY
rnou dyovral and 1a UNJEVIKA Kal KATAAYOUV GTO §7 JEiov To ABpoicua Twv
YOVIQOV TwV SIavUCUATwY nou dyovral and Toug NOAOUG KAl KATAAYOUV OTO
S1 OUV evdexouévwe T aktivia, otav M < 0.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YrnoAoyioudg pnrou yetacxnuanouou Laplace (2)

@ Ernopévwg 1o pétpo Tou X(s1) eival 1o pétpo Tou napdyovra khipakag M
€rMi TO YIVOPEVO TWV UNKWV TwV SIavUCUAT®V rnou ayovral and 1a undevika
Kal KATaAyouV oTo §; SIA TO YIVOUEVO TWV UNKWV TwV dIAVUCHATWV Mou
Ayovral and Toug NOAOUG KAl KATAANYOUV OTO §j.

@ Opoiwg n @don Tou X(s1) eival 1o 48POICHA TWV YWVIRV TwV SIAVUCUAT®WY
rnou dyovral and 1a UNJEVIKA Kal KATAAYOUV GTO §7 JEiov To ABpoicua Twv
YOVIQOV TwV SIavUCUATwY nou dyovral and Toug NOAOUG KAl KATAAYOUV OTO
S1 OUV evdexouévwe T aktivia, otav M < 0.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YrnoAoyioudg pnrou yetacxnuanouou Laplace (2)

@ Eropévag 1o pétpo Tou X(s) eival o uérpo tou napdyovia khipakag M
€ni TO YIVOUEVO TWV UNKWV TwV dIavUcoudTwy nou dyovial and 1a hndevika
Kal KATaAryouV OTO 1 OId TO YIVOUEVO TWV UNKWV TwV SIAVUCUATWY Mou
Ayovral and Toug NOAOUG KAl KATAAYOUV OTO Sj.

@ Opoiwg n @don Tou X(s1) eival 1o 48POICHA TWV YWVIRV TwV SIAVUCUAT®WY
rnou dyovral and 1a UNJEVIKA Kal KATAAYOUV GTO §7 JEiov To ABpoicua Twv
YOVIQOV TwV SIavUCUATwY nou dyovral and Toug NOAOUG KAl KATAAYOUV OTO
S1 OUV evdexouévwe T aktivia, otav M < 0.

@ O yewueTpIKOG UNOAOYICUAG ToU UeTacxnuaropou Fourier xpnolueuel oty
MPOOCEYYICTIK) €EAYWYN TWV XOVOPIKWV XAPAKTNPICTIKWY TOU, AEIOMOIWVTAG
TIG ACUPMTWTIKEG IDIGTNTEG TOU JAKOUG KAl TNG YwViag Twv SIavucudtwy nou
dAyovral and Toug NOAOUG Kal Ta UNJEVIKA.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

MNapdadelyua 6.15 (1)

‘Eotw

X(s) = ——, Refs} > —%.

,_.
£

Jw+3
tan g=3w

Re{s}

wl=
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

MNapdadelyua 6.15 (1)

‘Eotw

X(s) = ;, Re{s} > —%.

O peraoxnuanoudg Fourier 0pl<€TOI, JI16TI N NePIoXr) CUYKAIoONG NeEPIAAUBAVE! ToV
Jjw &Eova. ©€Toviag s = jw UNopPoUPE VA UNOAOYICOUHE YEWUETPIKWG TO
petraoxnuanopo Fourier,

Im{s}

w

jw+d

||

tan g=3w

Re{s}

wl=
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

MNapdadeiyua 6.15 (2)

‘Exoupe X(jw) = /wﬁ o)
3

1

IX(w)| = —m

X(jw) = — orc’ran(%) = — arctan(3w)
3
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

MNapdadeiyua 6.15 (2)

‘Exoupe X(jw) = /wﬁ o)
3

1

(X(w)| = —m

w
ZX(jw) = —arctan(5) = — arctan(3w)
3
To urkog Tou diavUouarog Tou NoAou auidvel povotova KaBwe auidvel 1o w,

apa |X(jw)| enam@verar povérova pe Ty avgnon Tou w.
W
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

MNowrtoBdBuIa cuctuara (1)
H kpouoTIKA andkpion evog MNPWToRABUIOU CUCTAHATOG KAl N aviioToixn
ouvAapTNON CUCTAUATOG €ival

1 t
h(f) = —e T u(t) <=
T
1 1 1
H(s) = — = , R > ——.
(s) T s+ % sT+ 1 e{s}

Metaoxnuanoudg Laplace




FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

MNowrtoBdBuIa cuctuara (1)
H kpouoTIKA andkpion evog MNPWToRABUIOU CUCTAHATOG KAl N aviioToixn
ouvAapTNON CUCTAUATOG €ival

1 t
h(f) = —e~ T u(f) +=
T
1 1 1 1
H(s) = — - =——, Re{s}>—-.
T s+ - sT+ 1 T

‘Eva 1éTol0 I X.A. cuotnua neplypdpetal and 1n dlagopikr egicwon

dy(t)

T +y(t) =x(t), y(0)=0

yIa TNV oroia IoxUel N SUVBrkn apXIKrG npepiag x(1) = 0, étav t < 0.

Metaoxnuanouds Laplace




FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and

10 JIAYPAPHA NOAWV-UNDEVIKWV

MNowrtoBdBuIa cuctuara (1)

H kpouoTIKA andkpion evog MNPWToRABUIOU CUCTAHATOG KAl N aviioToixn
ouvAapTNON CUCTAUATOG €ival

1 t
h(f) = —e~ T u(f) +=
T
1 1 1 1
H(s) = — =— R > ——.
(s) T s—}—% sT+ 1’ e{s} T

‘Eva 1éTol0 I X.A. cuotnua neplypdpetal and 1n dlagopikr egicwon

0y =), vo)=0

yIa TNV oroia IoxUel N SUVBrkn apXIKrG npepiag x(1) = 0, étav t < 0.

H Betikr) mpayuaTtikr) otaBepd T eival yvwoTr ws otaBepd xpovou. MNa v Tiun

t = 7 napampoupe én h(1) = 1 h(0).
MeTgoxnuanousg Laplace 6197




FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

MowroB&BuIa cuctuara (2)

Im{s}

pd
n Re{s}
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

MowroB&BuIa cuctmuara (3)

TuvAyoupe Ta akSAOUBa XxovBPIKA XaPAKTNPIOTIKA yia TN MeTaBor TG H(jw) wg
npog w:

@ To pétpo |H(jw)| Mg andkpiong ouxvomrag, H(jw), napoucidiel péyioto
o6rav w = 0.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

MowroB&BuIa cuctmuara (3)

TuvAyoupe Ta akSAOUBa XxovBPIKA XaPAKTNPIOTIKA yia TN MeTaBor TG H(jw) wg
npog w:

@ To pétpo |H(jw)| Mg andkpiong ouxvomrag, H(jw), napoucidiel péyioto
o6rav w = 0.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

TuvAyoupe Ta akSAOUBa XxovBPIKA XaPAKTNPIOTIKA yia TN MeTaBor TG H(jw) wg
npEog w:
@ To pétpo |H(jw)| Mg andkpiong ouxvomrag, H(jw), napoucidiel péyioto

otav w = 0.

@ To pétpo |H(jw)| Mg andkpiong cuxvémrag, H(jw) napoucidlel BaBuiaia
peiwon Kabwg To w autdveral.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

TuvAyoupe Ta akSAOUBa XxovBPIKA XaPAKTNPIOTIKA yia TN MeTaBor TG H(jw) wg
npEog w:
@ To pétpo |H(jw)| Mg andkpiong ouxvomrag, H(jw), napoucidiel péyioto

otav w = 0.

@ To pétpo |H(jw)| Mg andkpiong cuxvémrag, H(jw) napoucidlel BaBuiaia
peiwon Kabwg To w autdveral.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

TuvAyoupe Ta akSAOUBa XxovBPIKA XaPAKTNPIOTIKA yia TN MeTaBor TG H(jw) wg
npEog w:
@ To pétpo |H(jw)| Mg andkpiong ouxvomrag, H(jw), napoucidiel péyioto
orav w = 0.
@ To pétpo |H(jw)| Mg andkpiong cuxvémrag, H(jw) napoucidlel BaBuiaia
peiwon Kabwg To w autdveral.

@ H @don ZH(jw) g andkpiong cuxvémrag, H(jw), peidverar and 1o 0 oto
—% KABWC To w autdveral.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

TuvAyoupe Ta akSAOUBa XxovBPIKA XaPAKTNPIOTIKA yia TN MeTaBor TG H(jw) wg
npEog w:
@ To pétpo |H(jw)| Mg andkpiong ouxvomrag, H(jw), napoucidiel péyioto
orav w = 0.
@ To pétpo |H(jw)| Mg andkpiong cuxvémrag, H(jw) napoucidlel BaBuiaia
peiwon Kabwg To w autdveral.

@ H @don ZH(jw) g andkpiong cuxvémrag, H(jw), peidverar and 1o 0 oto
—% KABWC To w autdveral.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

MowroB&BuIa cuctmuara (3)
TuvAyoupe Ta akSAOUBa XxovBPIKA XaPAKTNPIOTIKA yia TN MeTaBor TG H(jw) wg

nPogG w:

@ To pétpo |H(jw)| Mg andkpiong ouxvomrag, H(jw), napoucidiel péyioto
o6rav w = 0.

@ To pétpo |H(jw)| Mg andkpiong cuxvémrag, H(jw) napoucidlel BaBuiaia
peiwon Kabwg To w autdveral.

@ H @don ZH(jw) g andkpiong cuxvémrag, H(jw), peidverar and 1o 0 oto
—% KABWC To w autdveral.

Modayuar

1 1
Hijw)| = = :
A ‘jwr—l—]' VAT
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and

10 JIAYPAPHA NOAWV-UNDEVIKWV

MNowrtoBdBuIa cuctuara (4)

AV UMNoAOYICOUUE TNV EKPPaAcn

20logyo |H(iw)| = —10logo(w?r? 4 1)
1
~ —20loggw —20logp7, w > —
-

TOTE TO PETPO TNG AMNOKPIONG CUXVOTNTAG UETPIETAI o€ dB.

3

Meraoxnpamopdg taplace



FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and

10 JIAYPAPHA NOAWV-UNDEVIKWV

MNowrtoBdBuIa cuctuara (4)

AV UMNoAOYICOUUE TNV EKPPaAcn

20logyo |H(iw)| = —10logo(w?r? 4 1)

1
~ —20loggw — 20log)g7, w > —
p

TOTE TO PETPO TNG AMNOKPIONG CUXVOTNTAG UETPIETAI o€ dB.

Maparnpoupe 61 OTN CUXVOTNTA W = = TO JETPO TNG AMNOKPIONG CUXVOTNTAG
eival 3 aB kdtw and m PeyYIoTN Tiur Tou yia w = 0. H cuxvotnta w = %
ovouAleTal cuxvOTNTA AMOKOMNG,.

!
Nl
N

Meraoxnpamopdg taplace



FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

MNowrtoBdBuIa cuctuara (4)

AV UMNoAOYICOUUE TNV EKPPaAcn

20logyg |[H(jw)| = —10Iog10(w272+1)

1
~ —20 Iog]ow - 20 |Og'|0 7—, w >> -
T

TOTE TO PETPO TNG AMNOKPIONG CUXVOTNTAG UETPIETAI o€ dB.

Maparnpoupe 61 OTN CUXVOTNTA W = = TO JETPO TNG AMNOKPIONG CUXVOTNTAG
eival 3 aB kdtw and m PeyYIoTN Tiur Tou yia w = 0. H cuxvotnta w = %
ovouAleTal CUXVOTNTA ANOKOMNG.

MNa ocuxvotnta dekanAAoIa TNG CUXVOTNTAG AMOKOMNG TO UETPO TNG AndKpIong
ouxvoTnTag eival

20log;q |H(jw)| . = —10log;o 101 = —20 dB.
we

T

Q.
el
Ryl

Meraoxnpamopdg taplace



FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

MowroB&BuIa cuctuara (4)

Ouoiwg pnopoupe va deioupe o

/H(jw) = — arctan(wT)
[logm((m') + 1] 0.1 <w< 10

~
~

NEINE]

v
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

MowroB&BuIa cuctuara (4)

Ouoiwg pnopoupe va deioupe o

/H(jw) = — arctan(wT)

0 w< Gl
=y =7 [logio(wT) + 1] 071 %Su < ]7_—0
T
) LUZ - -

O1 ypagikég napactacelg tou 20logyg |H(jw)| kai tng ZH(jw) wg npog w

kaAouvral diaypduuara Bode (Bode plots). Ita diaypduuara Bode, n cuxvotnta
W METPIETAI OE AOYAPIBUIKN KNIUOKA.

v
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

MowroB&BuIa cuctuara (4)

Ouoiwg pnopoupe va deioupe o

/H(jw) = — arctan(wT)

0 w< Gl
=y =7 [logio(wT) + 1] 071 %Su < ]7_—0
T
) LUZ - -

O1 ypagikég napactacelg tou 20logyg |H(jw)| kai tng ZH(jw) wg npog w
kaAouvral diaypduuara Bode (Bode plots). Ita diaypduuara Bode, n cuxvotnta
W METPIETAI OE AOYAPIBUIKN KNIUOKA.

EAGTTON TG 01aBepdc xpdvou cuvendyeral auinon TG CUxXvOTNTAG AnoKonnG,
dleUpuvon Tou eUpoug Lwvng Kal YpnyopoTepo puBud Mwong G h( f).
Alaypduuara Bode npwroBdBuiou cucTiuaTog.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

AeutepoBdBuia cuotuara (1)

H kpouaoTikiy andkpion evog deutepoBABUIOU CUCTAPATOG €ival

h(t) =M [ec‘ F— e ’] u(t)

4rou
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and

10 JIAYPAPHA NOAWV-UNDEVIKWV

AeutepoBdBuia cuotuara (1)

H kpouaoTikiy andkpion evog deutepoBABUIOU CUCTAPATOG €ival

h(t) =M [ec‘ F— e ’] u(t)

4rou

i = —Cwptwp/(2—1 ©7
o = —Cwp—wn/(2—1 (98)

Wn
M = —— wp > 0. 99

2,/C2 =1

H napduetpog ¢ kaheital Adyog andoBeong (damping ratio) kai n cuxvomra w,
KaAeiTal pn-anooBevUuevn QUOIKN cuxvornta (undamped natural frequency).
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

AeutepoBdabuia cuotmuara (2)

‘Eva té€1o10 I X.A. oUotnua neplypd@eTal and T YPAUUIKN Siapopikr) eicwon ue
OTaBEPOUC CUVIEAEOTEG

y(t)

dy(t)
at?

+ 2wn +wly(t) =wix(t), y(0)=0

yia TNV oroia IoxUel N CUVBrKn APXIKAG npeuiag, x(1) = 0 érav t < 0.

Mertaoxnuanoudg Laplace 82/97



FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

AeutepoBdabuia cuotmuara (2)

‘Eva té€1o10 I X.A. oUotnua neplypd@eTal and T YPAUUIKN Siapopikr) eicwon ue
OTaBEPOUC CUVIEAEOTEG

y(t)

dy(t)
at?

+ 2wn +wly(t) =wix(t), y(0)=0

yia TNV oroia IoxUel N CUVBrKn apXIKAG npepiag, x(1) = 0 érav t < 0. H
ouvApPTNON CUOTAUATOG €ival

2 2
“n — s (100)

H(S):52+2Cwns~l—w% (s—c1)(s—c)
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnepanooBevuueva deutepoBdabuia cuotuara (1)

e Na > 1, ¢y, ¢ eival mpayuarnkoi noAol, orndre 1o deutepoBaduio cUcTuUa
eival yivouevo dUo npwTtoBABUIWY CUCTNUATWY.

Im{s}

/ Re{s}

c2 €1
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnepanooBevuueva deutepoBdabuia cuotuara (1)

e Na > 1, ¢y, ¢ eival mpayuarnkoi noAol, orndre 1o deutepoBaduio cUcTuUa
eival yivouevo dUo npwTtoBABUIWY CUCTNUATWY.

Im{s}

/ Re{s}

c2 €1
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnepanooBevuueva deutepoBdabuia cuotuara (1)

e Na > 1, ¢y, ¢ eival mpayuarnkoi noAol, orndre 1o deutepoBaduio cUcTuUa
eival yivouevo dUo npwTtoBABUIWY CUCTNUATWY.

@ Y10 nedio Tou xpdVvou N AVTIGTOIXN KPOUOTIKA andkpion eival diapopd dUo
ANooBEVULEVWV EKBETIKWV.

Im{s}

/ Re{s}

c2 €1
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnepanooBevuueva deutepoBdabuia cuotuara (1)

e Na > 1, ¢y, ¢ eival mpayuarnkoi noAol, orndre 1o deutepoBaduio cUcTuUa
eival yivouevo dUo npwTtoBABUIWY CUCTNUATWY.

@ Y10 nedio Tou xpdVvou N AVTIGTOIXN KPOUOTIKA andkpion eival diapopd dUo
ANooBEVULEVWV EKBETIKWV.

Im{s}

/ Re{s}

c2 €1
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and

10 JIAYPAPHA NOAWV-UNDEVIKWV

YnepanooBevuueva deutepoBdabuia cuotuara (1)

e Na > 1, ¢y, ¢ eival mpayuarnkoi noAol, orndre 1o deutepoBaduio cUcTuUa
eival yivouevo dUo npwTtoBABUIWY CUCTNUATWY.

@ Y10 nedio Tou xpdVvou N AVTIGTOIXN KPOUOTIKA andkpion eival diapopd dUo
ANooBEVULEVWV EKBETIKWV.

@ Aépe 461 10 cuotnua eival unepanooBevuuevo (overdamped).
Im{s}

/ Re{s}

c2 €1
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnepanooBevupueva deutepoBdBuia cuctiuara (2)

@ To pétpo g andkpiong ouxvatnTag, |H(jw)|. ediver povérova kadwg 1o
|w| augaveral. Enopévwg 10 oUoTNPA €xel KaTwdIaBATT) CUXVOTIKN
oupnepipopd.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnepanooBevupueva deutepoBdBuia cuctiuara (2)

@ To pétpo g andkpiong ouxvatnTag, |H(jw)|. ediver povérova kadwg 1o
|w| augaveral. Enopévwg 10 oUoTNPA €xel KaTwdIaBATT) CUXVOTIKN
oupnepipopd.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnepanooBevupueva deutepoBdBuia cuctiuara (2)

@ To pétpo g andkpiong ouxvatnTag, |H(jw)|. ediver povérova kadwg 1o
|w| augaveral. Enopévwg 10 oUoTNPA €xel KaTwdIaBATT) CUXVOTIKN
oupnepipopd.

@ H @don g andkpiong cuxvémnrag, ZH(jw), kupaivetal peraty 0 (via
w — 0) kal —7 (KABWG 10 W — 00).
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnepanooBevupueva deutepoBdBuia cuctiuara (2)

@ To pétpo g andkpiong ouxvatnTag, |H(jw)|. ediver povérova kadwg 1o
|w| augaveral. Enopévwg 10 oUoTNPA €xel KaTwdIaBATT) CUXVOTIKN
oupnepipopd.

@ H @don g andkpiong cuxvémnrag, ZH(jw), kupaivetal peraty 0 (via
w — 0) kal —7 (KABWG 10 W — 00).
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnepanooBevupueva deutepoBdBuia cuctiuara (2)

@ To pérpo Mg andkpiong ouxvétniag, |H(jw)|. eBiver povétova kaBwg 1o
|w| augaveral. Enopévwg 10 oUoTNPA €xel KaTwdIaBATT) CUXVOTIKN
oupnepipopd.

@ H @don g andkpiong cuxvémnrag, ZH(jw), kupaivetal peraty 0 (via
w — 0) kal —7 (KABWG 10 W — 00).

@ KaBwg 10 ¢ autdveral o évag noAog MANCIALe! Tov jw GEova Kal © AANOG
NOAOG ArnoUAKPUVETAl OTOV apvNTIKO NUIAEOVA TwV MPAYUATIKWV APIBUWV.
O néAog nou eival Kovid oToV jw G&ova avTioToIxel O éva Katwdiapard
NPEWToRABUIO CUCTNUA JE XAPNAR CuxvATNTA AnoKoMnNG KAl apyr andoBeon
oro nedio Tou xpdvou (UeydAn otaBepd xpdvou). O NGAoG nou eival
Makpld and Tov jw dEova avTioToixel O éva KatwdiaBartd npwTtoBABuIo
oUoTnua Pe uPnAry cuxvotnTa AnoKomnG Kal Ypryyopn andoBecn oro nedio
ToU XpOvou (UIKPr oTaBepd Xpdvou).
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnepanooBevipeva deutepoBdBuia cuctuara (3)

@ Na ¢ > 1, o Kovivdg oTo jw Agova NOAoG Naiel Tov MPWTAYWVIOTIKO pOAO
OTNV KATwAIABATH GUXVOTIKA CUPNEPIPOPA TOU CUCTAUATOG, eneidr To
UNKOG KAl N Ywvia Tou diavUoparog nou dyetal and autdv Tov NoAo eival
nié euaiocBnTa e PETABOAEG TOU w am .1 TO JAKOG KAl N Ywvia Tou
dlavioparog nou Aayetal and Tov Jakpivo néAo.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnepanooBevipeva deutepoBdBuia cuctuara (3)

@ Na ¢ > 1, o Kovivdg oTo jw Agova NOAoG Naiel Tov MPWTAYWVIOTIKO pOAO
OTNV KATwAIABATH GUXVOTIKA CUPNEPIPOPA TOU CUCTAUATOG, eneidr To
UNKOG KAl N Ywvia Tou diavUoparog nou dyetal and autdv Tov NoAo eival
nié euaiocBnTa e PETABOAEG TOU w am .1 TO JAKOG KAl N Ywvia Tou
dlavioparog nou Aayetal and Tov Jakpivo néAo.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and

10 JIAYPAPHA NOAWV-UNDEVIKWV

YnepanooBevipeva deutepoBdBuia cuctuara (3)

@ Na ¢ > 1, o Kovivdg oTo jw Agova NOAoG Naiel Tov MPWTAYWVIOTIKO pOAO
OTNV KATwAIABATH GUXVOTIKA CUPNEPIPOPA TOU CUCTAUATOG, eneidr To
UNKOG KAl N Ywvia Tou diavUoparog nou dyetal and autdv Tov NoAo eival
nié euaiocBnTa e PETABOAEG TOU w am .1 TO JAKOG KAl N Ywvia Tou
dlavioparog nou Aayetal and Tov Jakpivo néAo.

@ ©¢rtovrag onou s = jw otnv (100) mpokUnTel N andkpIon ouxvoTNTAG
wa

(jw)? + 2Cwn(jw) + wf’

H(w) =

(oM
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and

10 JIAYPAPHA NOAWV-UNDEVIKWV

YnepanooBevipeva deutepoBdBuia cuctuara (3)

@ Na ¢ > 1, o Kovivdg oTo jw Agova NOAoG Naiel Tov MPWTAYWVIOTIKO pOAO
OTNV KATwAIABATH GUXVOTIKA CUPNEPIPOPA TOU CUCTAUATOG, eneidr To
UNKOG KAl N Ywvia Tou diavUoparog nou dyetal and autdv Tov NoAo eival
nié euaiocBnTa e PETABOAEG TOU w am .1 TO JAKOG KAl N Ywvia Tou
dlavioparog nou Aayetal and Tov Jakpivo néAo.

@ ©¢rtovrag onou s = jw otnv (100) mpokUnTel N andkpIon ouxvoTNTAG
wa

(jw)? + 2Cwn(jw) + wf’

H(w) =

(oM

Mertaoxnuanoudg Laplace

85/97



FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnepanooBevipeva deutepoBdBuia cuctuara (3)

@ Na ¢ > 1, o Kovivdg oTo jw Agova NOAoG Naiel Tov MPWTAYWVIOTIKO pOAO
OTNV KATwAIABATH GUXVOTIKA CUPNEPIPOPA TOU CUCTAUATOG, eneidr To
UNKOG KAl N Ywvia Tou diavUoparog nou dyetal and autdv Tov NoAo eival
nié euaiocBnTa e PETABOAEG TOU w am .1 TO JAKOG KAl N Ywvia Tou
dlavioparog nou Aayetal and Tov Jakpivo néAo.

@ ©¢rtovrag onou s = jw otnv (100) mpokUnTel N andkpIon ouxvoTNTAG

w2

i . 101
UwP + 2Cen(w) + o aon

H(w) =

@ AlcipwvTac aplBunTr Kal MApovVoPAoTr Ue w,2, naipvoupe

, 1 a z
H(jw) = — . . MetaBAaMoviag 10 Wy, I60SUVALET pe
(G +20(5) +1 i

XPOVIKI KAl CUXVOTIKN) KAIJAKWOoN,.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

Kpioiua anooBevupueva deutepoBdaBuia cuothuara

o Na ¢ = 1, 161€ TO cUoTNUa éxel éva JIMAG MPAyUATKS NOAO oTo
Cl = Cyp = —Whnp
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

Kpioiua anooBevupueva deutepoBdaBuia cuothuara

o Na ¢ = 1, 161€ TO cUoTNUa éxel éva JIMAG MPAyUATKS NOAO oTo
Cl = Cyp = —Whnp
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

Kpioiua anooBevupueva deutepoBdaBuia cuothuara

o Na ¢ = 1, 161€ TO cUoTNUa éxel éva JIMAG MPAyUATKS NOAO oTo
Cl = Cyp = —Whnp

@ Kal N andkpion cuxvotNTag eKPUANIZeTal CE

w2

L (102)

) = o T o
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

Kpioiua anooBevupueva deutepoBdaBuia cuothuara

o Na ¢ = 1, 161€ TO cUoTNUa éxel éva JIMAG MPAyUATKS NOAO oTo
Cl = Cyp = —Whnp

@ Kal N andkpion cuxvotNTag eKPUANIZeTal CE

w2

L (102)

) = o T o
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

Kpioiua anooBevupueva deutepoBdaBuia cuothuara

o Na ¢ = 1, 161€ TO cUoTNUa éxel éva JIMAG MPAyUATKS NOAO oTo

Cl = Cyp = —Whnp
@ Kal N andkpion cuxvotNTag eKPUANIZeTal CE

w2

L (102)

) = o T o

@ Xpnoiuonoliwviag Tov Mivaka {euywv PJetaoxnuanouwy Fourier, mpokunre n

KOOUGTIKI andKpIon
h(t) = w2 te “n T u(1). (103)
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

Kpioiua anooBevupueva deutepoBdaBuia cuothuara

o Na ¢ = 1, 161€ TO cUoTNUa éxel éva JIMAG MPAyUATKS NOAO oTo

Cl = Cyp = —Whnp
@ Kal N andkpion cuxvotNTag eKPUANIZeTal CE

w2

L (102)

) = o T o

@ Xpnoiuonoliwviag Tov Mivaka {euywv PJetaoxnuanouwy Fourier, mpokunre n

KOOUGTIKI andKpIon
h(t) = w2 te “n T u(1). (103)
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

Kpioiua anooBevupueva deutepoBdaBuia cuothuara

o Na ¢ = 1, 161€ TO cUoTNUa éxel éva JIMAG MPAyUATKS NOAO oTo
Cl = Cyp = —Whnp

@ Kal N andkpion cuxvotNTag eKPUANIZeTal CE

w2

L (102)

) = o T o

@ Xpnoiuonoliwviag Tov Mivaka {euywv PJetaoxnuanouwy Fourier, mpokunre n
KOOUGTIKI andKpIon
h(t) = w2 te~“n T (). (103)

@ Aépe 61 10 deutepoBdBuio cUuoTnua eival Kpiolua anocBevupevo (critically
damped).
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnoanooBevuueva deutepofdBuia cuctiuara (1)

@ Na 0 < ¢ < 1nKPOUOTIKA arndKPIoN NAipVeEl T HoP@N

sin(wny/1— ¢ 1) u(t). (104)

wne—Cwnf

W="r=a
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnoanooBevuueva deutepofdBuia cuctiuara (1)

@ Na 0 < ¢ < 1nKPOUOTIKA arndKPIoN NAipVeEl T HoP@N

sin(wny/1— ¢ 1) u(t). (104)

wne—Cwnf

W="r=a
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnoanooBevuueva deutepofdBuia cuctiuara (1)

@ Na 0 < ¢ < 1nKPOUOTIKA arndKPIoN NAipVeEl T HoP@N

wne—Cwnf

S sin(wny/1— ¢ 1) u(t). (104)

@ Aéue o1 10 cuotnua eival urioariooBevupevo (underdamped). H
KPOUOTIKA andkpion napoucidlel anocBevipeves Tahavinoels. H
ouxvaTNTa TwV TAAAVIOOEWV eival wyy/ 1 — (2 kal eival pikpdTepn TG Wy,

h(t) =
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnoanooBevuueva deutepofdBuia cuctiuara (1)

@ Na 0 < ¢ < 1nKPOUOTIKA arndKPIoN NAipVeEl T HoP@N

wne—Cwnf

S sin(wny/1— ¢ 1) u(t). (104)

@ Aéue o1 10 cuotnua eival urioariooBevupevo (underdamped). H
KPOUOTIKA andkpion napoucidlel anocBevipeves Tahavinoels. H
ouxvaTNTa TwV TAAAVIOOEWV eival wyy/ 1 — (2 kal eival pikpdTepn TG Wy,

h(t) =
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnoanooBevuueva deutepofdBuia cuctiuara (1)

@ Na 0 < ¢ < 1nKPOUOTIKA arndKPIoN NAipVeEl T HoP@N

wne—Cwnf

S sin(wny/1— ¢ 1) u(t). (104)

@ Aéue o1 10 cuotnua eival urioariooBevupevo (underdamped). H
KPOUOTIKA andkpion napoucidlel anocBevipeves Tahavinoels. H
ouxvaTNTa TwV TAAAVIOOEWV eival wyy/ 1 — (2 kal eival pikpdTepn TG Wy,

h(t) =

@ O puBudg andéoBeong TNG NUITOVOEIDOUG TAAAVIWONG autAveTal KaBwg To
¢ autaveral. H Bnuarikr) anékpion napoudidlel TaAaviwoelg (finging) Kali
unépBaon (overshoot), dNAadn AauBavel TIUEG PeyalUTepeg and TNV
TENIKN TNG TIMN.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnoanooBevuueva deutepoBdabuia cucthuata (2)

@ XNV nepintwon auty éxouue culuyeig piyadikoug noAoug, eneidn n
KOOUGTIKN andKpIon €ival cuvApTnon NEAyPaTKG TIMAG,.

Im{s}
- -7

c1 ——— wa 1_c2

/ 1 N

L 97‘\”

I,

- Re{s}
y |

v
c2 *__- —Wn 17C2
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnoanooBevupueva deutepofdBuia cuctriuara (3)

@ Na ¢ ukpd, ol mOAoI eival Kovid otov jw dEova.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnoanooBevupueva deutepofdBuia cuctriuara (3)

@ Na ¢ ukpd, ol mOAoI eival Kovid otov jw dEova.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnoanooBevupueva deutepofdBuia cuctriuara (3)

@ Na ¢ ukpd, ol mOAoI eival Kovid otov jw dEova.

@ ‘Oravw — wpy/1 — (2, o nérog oro delTepo TETapTNOPIO UNEPIOXUEI
OTN CUXVOTIKI] CUMNEPIPOPA TOU CUCTAHATOC. MNapatmpenorte 61 n andéotacn

jw — (_Cwn +]wn V 1— <2) (105)

yiveral eAdxiotn étav w = wny/ 1 — (2. Maparmnpouue 1é1e KopUPwon
(peak) oTNV andKPIoN CUXVOTATAG YIA W KOVIA OtV wny/ 1 — (2. H kopuor
NG andkpiong ouxvaTnTag dev cupBaivel étav w = wnpy/ 1 — (2, ald yia
ouXvOTNTA W EAAPPWS MIKPATEEN and TV TIUA why/ 1 — (2, Adyw g
napouaciag Tou AA\ouU NéAoU.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and

10 JIAYPAPHA NOAWV-UNDEVIKWV

YnoanooBevupueva deutepofdBuia cuctiuara (4)

@ Na0 < ¢ < 1, 10 deutepoBdBuio cUCTNUA eival éva Pn-I5avIKd
{wvodiaBard @iktpo (non-ideal bandpass filter). H napduetpog ¢ eAéyxel
NV o&UTNTA KAl TO eUPOG TNG KOPUPNG TNG AndKpIoNG CuxvoTNTAG. YUXVA
XpnoluonoloUpe eniong TNV NapdueTpo Q = ¢ rnou ovopdleral

ouvTeAeoTNG noldtnTag (quality measure).
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and

10 JIAYPAPHA NOAWV-UNDEVIKWV

YnoanooBevupueva deutepofdBuia cuctiuara (4)

@ Na0 < ¢ < 1, 10 deutepoBdBuio cUCTNUA eival éva Pn-I5avIKd
{wvodiaBard @iktpo (non-ideal bandpass filter). H napduetpog ¢ eAéyxel
NV o&UTNTA KAl TO eUPOG TNG KOPUPNG TNG AndKpIoNG CuxvoTNTAG. YUXVA
XpnoluonoloUpe eniong TNV NapdueTpo Q = ¢ rnou ovopdleral

ouvTeAeoTNG noldtnTag (quality measure).
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and

10 JIAYPAPHA NOAWV-UNDEVIKWV

YnoanooBevupueva deutepofdBuia cuctiuara (4)

@ Na0 < ¢ < 1, 10 deutepoBdBuio cUCTNUA eival éva Pn-I5avIKd
{wvodiaBard @iktpo (non-ideal bandpass filter). H napduetpog ¢ eAéyxel
NV o&UTNTA KAl TO eUPOG TNG KOPUPNG TNG AndKpIoNG CuxvoTNTAG. YUXVA
XpnoluonoloUpe eniong TNV NapdueTpo Q = ¢ rnou ovopdleral

ouvTeAeoTNG noldtnTag (quality measure).

@ To unkog Tou diavuouarog rnou ayetal and Tov NOAo oTo delTtepo
TETAPTNUOPIO autdveTal katd napdyovia V2 ané TN MIKESTEPN TIWA NOoU
avTiotoixei 0e w = wpy/ 1 — (2 érav 10 w autdveral kard (wp. TUVenwe
yIa PIKPd ¢ KAl QyVOWVIag T MApouscia Tou Jakpivou MOAOU OTO TPITO
TETAPTNUSPIO, TO PETPO TNG AndKPIoNG ouxvomTag, |H(jw)|, eival evidg
evde Napdyovia /2 e HEYIOTNG TIUAG TOU OTNV CUXVOTIKF NEPIOX

w1 =% — Cwp < w < wpy/1— 2+ Cwp. (106)
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnoanooBevuueva deutepoBdBuia cuctuara (4)

@ To eUpog {wvng Tou {wvodiaparol giNTpou eival 2(w,. Tuxva
XPNOoIWonoIoUlE To OXeTKO eUpog {wvng B = 2( nou eival 1o eUpog {wvng
dla wy,. Maparmpouue o1 B = é To eUpog {wvng autdavertal, é1av 1o (
autdvertal rj IcodUvaua Otav 0 CUVIEAEOTAG NoIdTNTAG & PEIWVETAL.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

YnoanooBevuueva deutepoBdBuia cuctuara (4)

@ To eUpog {wvng Tou {wvodiaparol giNTpou eival 2(w,. Tuxva
XPNOoIWonoIoUlE To OXeTKO eUpog {wvng B = 2( nou eival 1o eUpog {wvng
dla wy,. Maparmpouue o1 B = é To eUpog {wvng autdavertal, é1av 1o (
autdvertal rj IcodUvaua Otav 0 CUVIEAEOTAG NoIdTNTAG & PEIWVETAL.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and

10 JIAYPAPHA NOAWV-UNDEVIKWV

YnoanooBevuueva deutepoBdBuia cuctuara (4)

@ To eUpog {wvng Tou {wvodiaparol giNTpou eival 2(w,. Tuxva
XPNOoIWonoIoUlE To OXeTKO eUpog {wvng B = 2( nou eival 1o eUpog {wvng
dla wy,. Maparmpouue o1 B = é To eUpog {wvng autdavertal, é1av 1o (
autavertai ) Icoduvapa 41av 0 CUVIEAECTNG NoISTNTAG & JEIWVETA.

@ KaBwg petapdioupe 1o { KpatwvTag 10 w;, o1a8epd, eneidn ¢ = cos b, ol
nAAo!I HETAKIVOUVTAI NAVW O €va NUIKUKNIO aKTiVag wp,. KaBwg To ¢ aukavel
and 10 0 oto 1, ol dUo culuyeig Piyadikoi MGAOI KIVOUVTAIl GTO apIoTEPS
s-nuIeninedo Navw o éva NUIKUKAIO aKTivag wp.

Alaypduuara Bode deurepoBdBuiou {wvodiaBartoU GUCTAUATOG,
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and

10 JIAYPAPHA NOAWV-UNDEVIKWV

YnoanooBevupeva deutepofdBuia cuctiuara (5)

@ MeTaBAMoVIAg To Wy KPATWVTIAG To ( otaBepd, Ta cupnepdouara g
nponyouuevng oulnTnong Napapevouy eticou éykupa, eneidn To JETPO
Kal N @Aon NG andkpiong cuxvotnTtag eEaptwvral and 1o AOyo w&n Kai
oV NepIMWon aut N andkpion cuxvotntag divetal and v (101).
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and

10 JIAYPAPHA NOAWV-UNDEVIKWV

YnoanooBevupeva deutepofdBuia cuctiuara (5)

@ MeTaBAMoVIAg To Wy KPATWVTIAG To ( otaBepd, Ta cupnepdouara g
nponyouuevng oulnTnong Napapevouy eticou éykupa, eneidn To JETPO
Kal N @Aon NG andkpiong cuxvotnTtag eEaptwvral and 1o AOyo w&n Kai
oV NepIMWon aut N andkpion cuxvotntag divetal and v (101).
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and

10 JIAYPAPHA NOAWV-UNDEVIKWV

YnoanooBevupeva deutepofdBuia cuctiuara (5)

@ MeTaBAMoVIAg To Wy KPATWVTIAG To ( otaBepd, Ta cupnepdouara g
nponyouuevng oulnTnong Napapevouy eticou éykupa, eneidn To JETPO
Kal N @Aon NG andkpiong cuxvotnTtag eEaptwvral and 1o AOyo w&n Kai
oV NepIMWon aut N andkpion cuxvotntag divetal and v (101).

e Na ¢ — 0 n KopuPr TNG andKPIoNG cuxvaTNTag eival okeia kal 1o eUpog
Zwvng eival MoAU otevd. Enouévwg dtav o CuvieAeoTng noidtnrag &
autdvertal To QIATPOo KaBioTaral oOAo€va Kal Mo EMAEKTIKO CUXVOTATWV.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

Mn-anooBevUueva deutepoBABUIa CUOTHATA

@ Na ¢ = 0 o1 noAoI Bpickovral NAvw oToV jw Agova kai oto nedio Tou
XPOVOU N KPOUOTIKI andkpion eival NUIToVoeidng Xwpig andopeon:

h(t) = M[ejw”f — e_jw”f] = 2jM sin(wn f). (107)
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

Mn-anooBevUueva deutepoBABUIa CUOTHATA

@ Na ¢ = 0 o1 noAoI Bpickovral NAvw oToV jw Agova kai oto nedio Tou
XPOVOU N KPOUOTIKI andkpion eival NUIToVoeidng Xwpig andopeon:

h(t) = M[ejw”f — e_jw”f] = 2jM sin(wn f). (107)
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

Mn-anooBevUueva deutepoBABUIa CUOTHATA

@ Na ¢ = 0 o1 noAoI Bpickovral NAvw oToV jw Agova kai oto nedio Tou
XPOVOU N KPOUOTIKI andkpion eival NUIToVoeidng Xwpig andopeon:

h(t) = M[ejw”f — e_jw”f] = 2jM sin(wn f). (107)

@ H andkpion cuxvotntag eival
H(jw) = 2Mr [§(w — wp) — 6(w + wp)] - (108)

ondrte 1o cUcTNUA €ival pun-aroocBevupevo (undamped) kal N cuxvotnTta
TOAGVTIWONG €ival N Wh.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and

10 JIAYPAPHA NOAWV-UNDEVIKWV

MeTtpo andkpiong cuxvotntag deutepoBdBuiou {wvodiaBarou
CUGCTAUATOG

‘Orav n andkpion cuxvotntag divetal and v (101), 1é1e yvia 1o PETPOo TG
andkpIong ouxvotnNTag Ioxuel

20log;o |H(w)| = —10Iog1o{[1—(%ﬂ)z]2+4cz(wﬁ)z}

n

09

v

0 av w K Wnp
—40logigw + 40logigwn Qv w > wp.
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

ddaon anokpiong ouxvotntag deutepofdaBuiou {wvodiaBarou
OUCTAUATOG

20
ZH(jw) = —orc’ron(ﬁ)
Wn
0 w < 0.1wp
~ —%[Ioglo(%n)—f—]] 0.1wp Sw < 10w,
T w > 10wp.

Karaordoeig deutepoBABuUIoU CUCTAHATOG,.

103
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

OMNonepard cuctmuara (1)

@ OMornepard (all-pass) KaAeiTal To cUCTNHA Mou €xEl CUVAPTNON GUCTANATOG
H(s) = 5%, Re{s} > —ape a >0,

T osta’

| \C\Ol
i Re{s}
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

OMNonepard cuctmuara (1)

@ OMornepard (all-pass) KaAeiTal To cUCTNHA Mou €xEl CUVAPTNON GUCTANATOG
H(s) = 5%, Re{s} > —ape a >0,

T osta’

| \C\Ol
i Re{s}
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

OMNonepard cuctmuara (1)

@ OMornepard (all-pass) KaAeiTal To cUCTNHA Mou €xEl CUVAPTNON GUCTANATOG
H(s) = 2, Re{s} > —ape a > 0,

T osta
@ ondte N andKpPIon CuxvoTNTAG evOg TETOIOU CUCTAUATOC €ival
: _ jw—«
H(jw) = et

| \C\Ol
i Re{s}
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and

10 JIAYPAPHA NOAWV-UNDEVIKWV

OMNonepard cuotuara (2)

@ And 10 diIdypauua NOAWV-UNOEVIKWY KAl CTOIXEINDEIG YVWOEIG
TPIYWVOUETPIAG MEOKUMTEI TO UETPO KAl N ¢ACN TNG andKpIiong ouxvotntag:

i — Vo + 2
)| = ool _vete a1
jw+a| Va2 +uw?
ZH(jw) = Z(jw—a)— ~L(jw+ a)

= c:rc’ron(i) - orc’ran(c—u) =7 — crc’rcm(u—j) — Grc’ron(g)
- a « a

=7 —20rc‘ron(g) 112
a
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and

10 JIAYPAPHA NOAWV-UNDEVIKWV

OMNonepard cuotuara (2)

@ And 10 diIdypauua NOAWV-UNOEVIKWY KAl CTOIXEINDEIG YVWOEIG
TPIYWVOUETPIAG MEOKUMTEI TO UETPO KAl N ¢ACN TNG andKpIiong ouxvotntag:

i — Vo + 2
)| = ool _vete a1
jw+a| Va2 +uw?
ZH(jw) = Z(jw—a)— ~L(jw+ a)

= c:rc’ron(i) - orc’ran(c—u) =7 — crc’rcm(u—j) — Grc’ron(g)
- a « a

=7 —20rc‘ron(g) 112
a
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FeWUETPIKOG UNOAOYICHOG TOU JETAoXNuUaTicpoU Fourier and
10 JIAYPAPHA NOAWV-UNDEVIKWV

OMNonepard cuotuara (2)

@ And 10 diIdypauua NOAWV-UNOEVIKWY KAl CTOIXEINDEIG YVWOEIG
TPIYWVOUETPIAG MEOKUMTEI TO UETPO KAl N ¢ACN TNG andKpIiong ouxvotntag:

i — Vo + 2

)| = ool _vete a1
jw+a| Va2 +uw?

ZH(jw) = Z(jw—a)— ~L(jw+ a)

w w w w
arctan( —a) arc an(a) T — arc cm(a) arc on(a)
w
= 7 —2arctan(—) 112
!

@ N aNIG ZH(jw) = 1 — w2 = (T — ) — o = T — 2y brou
o = arctan(£).

AnOKPIoN CUXVOTNTAG OAOMEPATOU CUCTAKATOG,.
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APILTOTEAEIO pl.
MANENIXTHMIO AKAAHMAIKA B

OEIIAAONIKHE MAGHMATA e

ANOIXTA

TéAoc Evotntoc

EMIXEIPHIIAKO NMPOTPAMMA
EKTMAIAEYZH KAI AIA BIOY MAGHEH EznA
£l oo gTn o a . / £ o

-
1= | OO
YNOYPTEID MAIAEIAL & BPHIKEYMATON. NOAITIEMOY & ABAHTIZMOY YPOMATKO KOINO \MEI(

EvpwmaikiEvwon EI!AIKH YNHPEZIIA AIAXEIPIZHI
Eupuwmaixd Kowvuwwvikd Tapeio

Me 1 ouyypnuarodotnon tng EAMGSag kan Tng Evpwnaikrg Evwong
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