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1 Ewoayoywd

Ewc thpa, éyete det 010 uddnua 6Tt N avanopdotaoy evéc onuatoc oe exdetind tne poponc e/« etvon
ToAD Bohixy) BtéTt T exdeTind autd anoteloly wovraptnoes evoc I'’XA ocusthuatoc h(t), xou dpo 1 €é€odog
EVOC CUOTAPATOC Yiol it TETota exVeTiny €lcodo Bev elvon dAAY Tapd eniong exdetiny, Ue SLopopeTind Thdtog!
=) Eniong, eldate 1o avdntuypa oe Xepés Fourier, tou cog Selyvel todS ypdpouue eva onotodinote ofua
¢ APOIoPA TETOLWY EXVETIXWY.
Ye autd To oLUTANELUATIXG UAXG, G BelTe xou Uior GAAY) OTLTIXY, TOU €YEL MTEQLOGOTERT] OYEOT] UE EPUPUOYES
(o vou, 6000ha autd ta padnpatid Sovhebouy oty nedly, oto MP3 cag, 610 xivitd cuc, oty tnhedpaon
oag, ota video games cog, xAn. - Ya Bapedeite va 10 axolbte autd :-) ) xadodg xon ta... highlights tng
oyetixnic Vewplag! ;-)

1.1 Twati Xewpéc Fourier;

Aot eidate dha ooa eldate 010 udldnua, éva epwtnua dpne tou AEN aravtioaue eivon I'IATI yenowo-
noolpe “Boptd”’ (Mépe twpa -P) padnpotind yia va gtdoouye oe dAec autée Tic egappoyéc. Ag’ evoc, yioti
dev €youue Bpet xavéva o exoho tpéTo (Sev €youue xavéva Bitoo Vo aoyohoUUACTE UE OROXATIEOWITO
OWVEL X xahd =) ), ag’ etépou Yt 1 yprion toug mapéyel éva avioyupo Thaiclo avdivong xa ‘tuno-
moinong 7 twv uelédwy mou ypnowonowtvion. Aev meothixate; Oa oug SOOOUYE VA YARAXTNPIOTIXG
TOPAOEY AL, =)

Mohic Ayec oelideg yetd, Vo dradoete yia Ty avddvon o€ Yepés Fourier, mou — av dev 10 €yete 1dN
axoloet 010 udinua — etvon amhd pa pédodog ahhayfc ontixfc Yoviag =) . Nat, 1660 anhd! H pédodoc auth
KOG EMITEETEL VO DOUPE EVOL GNUAL, UL XUPATOROPQT), OE EVAY DLUPOPETIXO YWPO, TO YWEO TWV TUYVOTHTWY.
To nde, Yo 1o diofdoete napaxdtw. To [IATI buwe eivon 10 cpdTnua, OTWE TPOEITAYE, XL TO TAUPUXATE
Tapdderypa motelw Yo ooug meloet.

‘Eotw 61t éyoupe éva ofua gpovic omwe autd tou oyfuatog 1. Ipdxeiton yio T Nodhixd) AéEn magni-
fique. :-) Ac vnoléoouye ot yia xdnoto Abyo, éva woyupd nuitovo mhdtoug 0.5, twy 500 Hz (Yuundeite,
500 Hz ornpaiver 611 oe éva Seutepbhento, to nuitovo €yet enavordfBer ) Baoixh tou meptodo 500 gopéc)
npootideTon 0T0 oMU PwVAC, Xt To onolo NEitovo Yewpeitar kg avemtdiunTo, dnhadh we “VdpuBoc . To
ATOTEAEGHA OTO YWOEO TOu Ypdvou galvetar 6to oyfua 2. ‘Onwg unopeite va deite, elvan Tpoucpd dboxolo
oty TEdEn vo Zeywplooupe/avaxXTROOUUE TO GHUO HOC 0TO TESIO TOU YpOVou, wa xou Qaivetar vor Eyel
VYagptel péoa oo “Dépufo” tou ouvnuitovou. OMOYE, av yenowonoioouue ta epyaheia mou Yo uddete
oto udidnpa, onAadrn v 6gn Tou Tediou TNg ouyvéTNTIC, TOHTE Yo To xoapd ofua, Yo ExeTe To Btdypa o
TOU OYNUATOC 3 EVE Yia TO “oahhotwuévo’” afua, Vo €yete o dtdypopua Tou oyfuatog 4. Iopatnerote duo

'To nopdderypa autd dev anéyel an’ TNV TEOYUATIXGTATY — GTA AEPOTAVAL, 6Tay ByaiveL Lo ovaxoiveon and Ta tixpbeva
Tou mAoTNElo, axoVYETL TV GTN QWYY Tou TAGTOL éva Muitovo ota 400 Hz, Aéyw tou 6Tt 1 nhexteuny| oyl ewvar oo
400 Hz, ev avtdéoe pe ta onitia pog, mou eivon 50 — 60 Hz... govtdlopan 6tu uéypr ofpepa BéBoua Yo to €xouy pridiet... :-P
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Eyhua 1t Yua Pwvic oto medio Tou ypodvou
"Magnifique" + cosine @ 500 Hz
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Eyfua 2: Yua Pevic oto medio Tou ypdvou ue mpootidéuevo nuitovo ota 500 Hz

TEdy ot

1. O opldvtiog dZovag eivar Théov 1 ouyvVoOTNTA oTo dlarypdupata 3, 4, xar Oyt ma o yeovog. Tlpdxeitan
yioo AKPIBQY ta (B orjpoata v dioypauudtov 1, 2, uévo mou to BAémouye o€ évayv dhho xwpo,
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Eyhuo 3: Yo Pwvhc 010 1Edio TV GUYVOTATLY

"Magnifique" + cosine @ 500 Hz
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Eyfua 4: Ahhotwuévo oy Pwvic 010 TEBLO TWV GUYVOTHTWY

aUTOV TV ovyvothtwy. To yiatl oL Ypapixeés napaoTdoels £Youy autd To oyfud, Onws eniong xot
yroti éyouvpe avtéc Tic “ewtiée 7 apvnTixéc ouyvoétnteg ) , Yo to pdlete otny nopeio.

2. IlpooéZte eniong tny odhoryr) Tng xhipoxag ota Sarypdppata autd. Emmiéov, oto didypauua 4 napa-



Theotue 6Tt Yopw ota 500 Hz undpyer wa toyupt ouviotwoa, 1 onola woidler €xtéC TNG OUAAOTNTAS
TOU TapATNEOVUE 010 oyfua 3. Xiyoupa hOImOV auTH 1 UEYAAY xoToxdpuen “youuur ogelhetor 010
nuitovo nov npootednxe petd. ;-) To undroino ohua eivor 1o (B0 avdueoo ot duo ypapAuata, anhd
€yel adNGEel 1 xhipoa Yo vor S ywpéoouy’’ ato oyfua ot cuviothoeg Ty 500 Hz.

3. Yto pdinpo yenoonotelte T AEYOUEVY, KUKAIKI) 1| ywriaki} cuyvotnta w = 27 f, mou uetpiéto
oe rad/sec, avti tne ovyvétnrac f oe Hz, mou avagépetar nopandve. Xta mopandvew oyfuata 0ev
arhalet tinota, anAd o opilldVTiog dZovag NG ouyYVOTHTAS Tolhamhacidleton Ye 27.

B)énouye hotndy todpa 6T AUTOC 0 VEOS YWROS, O YWEOS TWY CUYVOTAT®Y elvar Tohd o Ponintixds otny
Tpoondield poag vo avaxticovue 1o ofua pog. To pdvo mou €youue va xdvouye elvar va undevicouvpe v
T 0.25 nou gaivetar ota £500 Hz. 'Etot, Yo pnopéoouue va eagavicoupe 1o eVoyAnTind ofua, xat vo
xpathoouue povo to “yprowo” ofua. Ilpdypatt, av undevicoupe auth T ouyvéTTa, xan avTioTeédoupe
N ddixacio tiow oto yedvo, Yo ndpoupe To oy 5!
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Eyhua 5: Kodopiopévo Sua Pwvic

[Towég ftav o oxondg 6hou autolh Tou — unepanhovoTeuuévou, elvar 1 ahfdela — topadelypatog; O
oxondg cuvodiletar otny e€n¢ napatnenon: Av prnopotoaue va éyovue éva padinuaticé epyaleio mov uag
Hetatpéner éva 0mo100NTOTE 0N OTO YWDPO TOU XPOrou o€ éva avTioTolyo 0TO YWDPo TwY OUXVOTHTWY,
onk. Oa pmopoloe va pag ypdper to dnoo ofue x(t) ws ovvdptnon nuTdvey kdtowwy ovykeKpipévwy
ouyvotitwy (1 onola unopel va tapaotatiel ypagikd 6nws oto oxnua 3 1j oto oxfua 4), téte ToAV ebkola
Oa pnopovoajie va kdvouvue mpdyuata nov oo tedo tov ypovov Ua frav advvata! To nopandve Tapddelyud,
émou amhd undevioupe wa ouyvétnta (dnh. wndeviCouye to mhdtog Tou avtiotoiyou nNwitdvou) 1 onoia
elvon avemtdountn, etvor ENA pévo and ta ythiddeg, 6mou n adlayt| yopeou wog Aovet ta yépta. E, autd to
pordnuotind cpyohelo pag eivon BON YVwoTo €086 xou TOARG ypdvio xou Sev elivon dhho and v AvdAivon

Fourier...2

?Enetd (owe 10 oxeptinate... av 1o ofpa z(t) éxet and wévo tou mAnpopopia otn cuyvétnta £500 Hz npw Ty npdodeon
TOU NULTOVOU, TOTE TEOPAVHDC aUTNH 1 TAneogopia Yo yodel ue Ty mopandvew dwaduxacio, xou dea To ofua Tou Yo TdeouUE de
Vo elvar axpBoc Blo ye to apyixd.



1.2 "Eva anhd nopddetypo

[Te>g Aoty Yo umopoUCUPE VoL EYOUUE Lol YRUPLXT] TORACTACT] EVOS GHLITOL GTO YWRO TWV GLUYVOTHTWY;
Autd 10 epd TN eimaye OTL tooBuvapEet ue To TOC Yo unopoboaue vo €ouUe Uior pardnuatixy| €éxgpaoct oTo
YWEO TWV CUYVOTHTWY EVOS GHUATOS oy Yag didetar 1o ypovo. H mo ankh tétoia avanapdotaon guotxd
dev elvar dAAT amd Tou amhol uryadxol exdetixolh ouyvotnTag fo:

z(t) = Ael?m ot (1)

Etvon éva ofua mou opiletan oto ypodvo, ye nthdtog A, xou e cuyvotnta fo, 1 onola elvon otadepr. Onodre,
YY aUTO TO ONA, TO BLdyeUUUd OTO YWEo TN cuyvotntag Va elvar 6w oto oyfua 6. Avo dfoveg, pe

Frequency Representation of &2l
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Sy 6: ATAS mapddelyua ouyvoTXng avahueTg

0ptOVTIO TOV GEOVA TWV GUYVOTHTWY XAl XATUXOPUGO TOV GZ0VO TOU TAUTOUS, UE UL XATUXORUGY| YOUUUT
ot ouyvotnta fo, Odoue A. Auth elvou 1 avarapdotaon nov {ntdue! ) Puoixd to ofjua mou emAéaye
umopel vou efval 10 amTAOUGTEPO TOU PTOPOUCUUE VO GXEPTOVYE, aAAd Bev madel va eivon évor uryadixd orual
Av elyayue éva mparypatind oo onewS To

x(t) = Acos(27 fot) (2)
t61e TS Vo oyedidlope auTyh T Ypaptx) avanopdotaot; Ilohd amhd, yvepilouye 6Tt

A A .

z(t) = Acos(2m fot) = Eeﬂﬂfot + Ee_ﬂﬁot (3)
obugpeva ge Toug tunoug Tou Euler. Na hotndy nou tepa exouue éva qipotopa and duo exdetixd, ondte
Vo €youue évo SLdypoppa ue duo xataxdpupes yoaupés. Mo otn ouyvétnta — fo xan gia 6T cuYVOTHTA
fo Hz, ye nhdtn A/2. Ac Sodye autd ta oyfipata yall, 1660 010 Ypdvo 600 X 0T SUYVOTNIY, OTO
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Syfuor 71 A6 mapdderyua avaAuomg CHUATOS GTOUS BUO YWEOUS

oyfua 7. Oa Yéhape uoxd 1 TAnpogopio TOu uag BIVETOL AMd TN CUYVOTIXY| AVATUPICTACT, TOU CHUATOG
vo. efvat 100B0VopT YE QUTH TOU YpoVoL. Y10 mupddetypd woc, eivon; Apxel 1 ouyvotnta xat To TAdTOC ToY
AVAYRAPOVTUL OTH GUYVOTIXY| AVATARAoTaoY Yiot Vo Teptypddet mAfpws éva nuitovo; H andvinoy etvar oyt
ALOTL €vol NUITOVO G YEVIXT| TOU LOPQT] YRAPETIL O

z(t) = Acos(2m fot + @) (4)

"Apa yperdletar e xdnolo TpOTO Vo AVITaRIOTOUUE Xl TN GAoY ¢ W ouvdpTnor Tng ouyvotntac. Ondte, 1
TARE1C TEQLYPUPY) EVOS NULTOVOU GTO YWEO NG CUYYOTNTIS TEQLAAUBAVEL BUO BLOYPUUUOITA: EVOL TOU APOQOL
TO TAATOC W¢ GUVAETNOT TG ouyvoThTas (awTtd Tou éyoupe det we thpa) KAL éva mou agopa 1 @dom
WS oUVAETNOT NS oLYVOTNTAS. AUTEC Ol BUO AVATAPAUCTACELS AEYOVTUL PACUA TALTOUG XA PACU
pdong, avtiototya. Ac dolue éva Tapddelyud.
‘Eotw to ofjua
z(t) = 2 cos(2m200t + 7/3) + cos(2w500t — 7/6) (5)

ITpotol oyedidooupe ta avtioToryo Qacpata, ag B0OUE Twe avahleTon auTéd To ofue. Etvan

z(t) = 2cos(27200t + 7/3) + cos(2w500t — 7/6) (6)

J2m200t ojm/3 | o —j2m200t ,—jm/3 | %ej27r500t6—j7r/6 i 16—j27r500t6j7r/6 (7)

And authy v avarapdotacy), pog eivor Eexdlupo TS Vo OYEBIUCOUUE TO QACH TAATOUS XdL TO QPACUA
gdorne. Actte 10 oyfiua 8.

Hpogavede unopolye vou oYEBIGCOUUE To QYACUTA TAUTOUC XU PACTS OTOLWVONTOTE NUITOVWY 1| CUV-
duaopol toug. Aev XATAARYOLY, TEOPAVKS, OUMS OMOL Ol GUVBLACHOL NUITOVWY ot TEElodixd ofjpa. [
Topdderyua, To Tapandvew onpa () eivar neptodixd pe Yepehddy ouyvétnta fo = MK.A{200,500} = 100
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Eyfuo 8: Tlupdderypo avaiuong oRUaTog

Hz, xau dpa nepiodo Ty = % = 0.01 devtepbhenta. ‘Ouwe, 10 ofpa y(t) = cos(2m50t) —sin(5t —m/4) AEN
elvon meplodixd, yratl dev undpyet o MUK.A twv duo cuyvotitey. Eueic ouwns evilagpepogaote lodtepa yia
T TEPLOdIXd oHpate, oe TewTh Qaot. ‘Otav to ofjua mou pag divetor eivor o€ poper adtpoiopatoc/yvopévou
NUTOVWY, TOTE UTOPOUUE UE YPNON TELY WVOUETEIXMY TAUTOTHTWY ot TOTwY Tou Euler, va to ypddouye oc
woppy otpoiopatog NUTOVLY 1) EXVETIXOY ot VoL GYEDIACOUYE YAoUATA TAGTOUS Xt PAONG ONUATLY, OO

7

TUPATAV®, AOYET AV EVOL TO GNP TEPLODIXS 1) OYL.

1.3 Modvo nuitova;

‘Opwe o TepLodind oHUTA, oW aUTé NG oYéong 5, EYOUV Wa YopuXTNEIOTIXH WOTNTa dTay oL o-
VanTOOOUUE o QUpotopa yadixey exdeTixwy. Autd ta exvetixd éyovr ouUYVOTNTES TOU €val aKépaieg
noAamAdoies Tng Jepericdoovs ouyvétntas tov onuarog! Eidate ott 1 Yepehoddng ouyvétnia Tou ohuo-
to¢ 5 eivar 100 Hz. Ot cuyvdtnteg tou ofuatog eivan axépateg molhanidoteg tou 100, dnA. £200, £500.
Autd axpiBde avtixatontpiletar xou 010 QACU TAATOUC Xt PAOYS.

T yiveton dpwe av to neplodixd ofpe tou pag divetar AEN elvon o€ popen adpolopatoc/yivouévou /anhixou
NUTOVWY; Av elvar €vog meplodikds Tprywvixdg 1 TETPAYWVIXOS ToAROS, Tog Vo evepyfooupe; Tlwg Yo to
avoADooVUE oE eEXVETIX ONUOTA, WOTE Vo DOUUE TO GUYVOTIXO Toug Tepleyouevo; EdG €pyetar 1 Yewpla
e AvdAvong oe oepés Fourier!



2 AvdAvorm oe Xeipég Fourier

3 H Avéhuon Fourier eivar fowe 1o Baoixdtepo epyeaheio avdhuone onudtwy, 1 onofa yoc diver mAn-
P0QOplES YId TO TUYVOTIKG TOUS TeptexOpero, dnh. yia to ITIOIEY cuyvétntee undpyouv oto ohua. Autd
npaxTixd onpaiver 61t wac mhnpogopel Y to IIOXA xou IIOIA nuitova (8nh. pe mod nhdrog, ouyvotnta,
xou @dom) Teénel Vo TpooVECouPE PETAED TOUC YA Vo TIPOUPE 10 ouvolxd ofua mou avakboupe. ‘Eva
ontixd mopddetyyo galveton oto oyrfua 9. Xdptv euxohiog, Eextvdue TN YeAETr poc and ohota T omofo
Aéyovtar meptodixd. Acpales Yvweilete Tt efvan €va meplodind ofuo xat eniong yvwpllete 6Tl meplodind
ofuata, ue TV awotney évvowa, otny npaypatxdétira AEN TIIAPXOYN. Houdevd ot giorn. =) Ondte
yiatl aoyoholpaote; A@' evog yia Adyoug YeEVixOTEPTC UEAETNS, ag’ £TEpOL Yot Aol XOPUdTIaL o'ty
HERETN T€TOY oNpdTLY, XxadKS xat 0 TEOTOg oxEYNg auThS TNE LEAETNE, Wag elval ypHowlo TNy TEAET.

T ebvar howndy 1 avdhuorn oe Setpée Fourier; ‘Onwg einaye, dev etvar tinota napandve and éva podnuati-

60 Hz
ih=1)

o 180 Hz
r\/‘\/\f\\/\/\/ [h:3|
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Sy 9: Avduor onpatog o dlpotopa NTOVKY

%6 €pYOUAElD TOU Wog EMTEENEL VA YPdQoLUE éva onownnote (1 udhhov, oyedbv onoodinote :-) ) neplodind
ofua ¢ éva dipotoua nutdévey. Ag ndue AMyo ota podnuatind, yio vo apyioovpe va EeBtalbvoupe xdmoto
Tpdypata... €va teplodixd ofua x(t), ue nepiodo Tp, avahbeton oe oepd Fourier pe yprion twv oyéocwy

x(t) = Xo + Z X edheot (8)
k=—o00
6Tov
1 [ :
m_/x@wmwm¢o )
1o Jo
1 [T
%:/x@% (10)
To Jo

3 Amé 8w xou 610 €EFc, LodeTolUE To GUUBOMOWS o PAéTETE GT0 UdDNUA - 1) CUYVOTNTA ETAéYETAL VoL efvon N w = 27 f
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6mou Xy, elvon ot meplgnuot ouvieheotéc Fourier, xou v wo ) Ape Oepediddn ouyvdérnta, yoti dho o
extetind otny egiowon (8) éyouv cuyvétnies tou eivon axépaics toddarAdoies tne wo. Eidope hotndy €86
Twe Yedpouue éva onoodrinote orua wg dpotopo EKOETIKOQN pryodixev onudtov. Ma éva kentd. Tlpw
elnope 6Tt 1 avdiuorn Fourier poag availer 1o ofjua oe nuitova. Ma guoixd. An'tic yvwotéc oy€oelg tou
Euler, unopotye va yetatpédoupe xdde exdetiny avanpdotact, nou €yet npoxter and IIPAI'MATIKO
ofUa, O NUTOVOELDT avanopdoTact. Quunieite:

wo

9 e e 0 9 el — =10 (12)
cosf) = ——, sinf) = —————

2 ’ 2j
"Apa ouctooTixd o pryadixd exdetind etvon xt autd nuitova. :-) Ac ZextviiooLUE TMRA TIC TUPATNENOELS HOC
OYETIXA PE TNV avdluor oe oelpéc Fourier...

1. Ac Zexwvhoouye an'to tehevtaio mov avagépape. OAEY ot ouyvétntee tne oyéone (8) etvoan AKE-
PAIEY [TIOAAATIAAYIEY woag ouyxexpiévng, tng VepeAi@doug ouyvétntog, mou oplletal ¢ 10
avt{oTEOPo NS MEPIOBOL TOU ONUATOG.

2. To ohoxhfpwyua otn oyéon (9) héet bt yioo va Bpolue touc ouvieheotée Xy xdle exdetixol npénet
vo. Tolamhaoidooupe to x(t) ye Tic neplonuec ouvapticeg Bdons e IR0t ya1 va ohoxhnpdoouye 1o
arotéheopa oe Wi neplodo. Ilpocoyn! Ye wa onoadrrote neplodo tou ofjpatoc! Oyt anapaitnta
ané 0 wg Tp! Onoio didotnua H€hete unopeite va BAAETE GTA dxXpo TOU OAOXANEWUATOS, OTOWO GUS
Boheter, APKEI va anotelel wa neplodo tou oripatog! Tleploodtepa yia toug cuvieheotég Fourier
O€ EMOUEVY] TUPATAPNON)...

3. Towg noapatnprioate 6Tt, yio mpoyuatixd ofuota, to Xo €€ opopol dev elvar tinota dAlo mapd To
euPBads ulog meptddou tou orjuatoc. ‘Apa 1o Xo elvan amhd n péorn Tipn tou onpatog. Ilpaypotindg
aptiuog ITANTA | yia nporypotixd ool

4. Avtideta, ot ouvteheotéc Xy, k # 0 dev elvon anapaitnta mpaypatixol aprdyol, cuvAdwe udiiota etvan
wryadixol. [ 1o Adyo autd, o1 suviekeatéc Xy unopolv va ypagoly o mokxt, popet (u€tpo-pdon):

X, = [ Xp|e? (13)

To | Xj| o Mue uétpo (eivon IANTA detxd) xou 10 £X;, 10 Mye @dor touv suvteheoti Xi. H gdon
ITANTA exgpdletoa ot0 ddotnua [—7, m]. Trdpyouy ToOMES IBLOTNTEC OYETIXE UE TOUC CUVTENETTES
X}, avdhoya pe o eidog tou orpatoc z(t). o napdderyua, av o ofja eivar Tpaypotixd, ToTe 1y le
ot X; = X_g, Onh. ot cuvteheotéq yia apvntixd k ebvon amhd ot ouluyeic ocuvteheotéc twv Yetinwy
k. IlpocoyR! Auté woyber pévo yio IIPAMATIKA, repodixd ofpata z(t)!

2.1 "Yrapln Xewpdc Fourier

Etrnope mo npty 61t ynopotue va ypdpouye EXEAON onotodfinote neplodind onua g avéntuypa Fou-
rier. Ilotéc elvon autée ot cuviixec mou xadopilouv téte pmopolue va ypddoupe €va Tepodixd ohud wg
oelpd Fourier xou néte oyt; Ipogaveg ta ofjuata mou dev propoly va avantuydoly xatd Fourier npénetl va
€youv éva Padud “aveporiog ) . Av xou and T oxomd Tou unyavixos de pog evilapépouy TEToln oTUaTA,
QoL XL UTTAEYoUY Uévo oTr) Yewpla, evdtagépoy eivar var Solpe Tolég etvar ol ouvliixeg mou xadopilouy TNy
Umapén 1 oyt Tou avantiyuatog Fourier.

Trdpyouv AYO Bacixéc ouvinxeg yia v Unapdn tng oepdc Fourier.



1. O ouvtekeotéc Xy mpénet va eyouv mencpaouévo pétpo, dnh. |Xi| < co. Autd anodewxvietar 6
ovyPoiver wdvov dtav

/T |z (t)|dt < oo (14)

H oyéon 14 ovoudleta aoleriic ovviikn tov Dirichlet. Av wa ouvdptnon x(t) ixavonoel tnv
acBevy ouvihxr tou Dirichlet, n Onapén tng oetpde Fourier elvon eyyunuévn, ahhd unogel 1 ocipd vo
un ouyxiiver oe xdle onpeio. T nopdderypa, av éva onua x(t) anepileta o xdrowo onueio, Té1e
TEOYAVMS XAVEVOL GUEOIOUN NUTOVWY DEV YTOPEL VOL OVATURACTHOEL AUTHY TNV TERLOYT, OTOTE 1| GEIR
mou Vo avomaplotd o onfpa Yo elvar “‘mpoAnpatind)’ o€ auThV TNV Teploy ), We dhAha Aoy, de Vo
ouyxhver. Topduota, av éva ofjua éyel dnelpa onuela peyiotou-ehayiotou ot wa meplodd tout. Auté
onpadver 6Tt oL oLYVOTNTES TToL TEptEYovTan 6To orjua tefvouy oto dnepo xoau AEN €youv cuvtekeoteg
X}, mou giivouy xatd pétpo, 660 w — 0o. 'Etot, anoutolye wio axduo ouviixm.

2. To ofpa x(t) mpéner va exel nenepaouévo apiud PeyioTov xo elayiotwy o wa tepiodd tou, xo
TENEPUCUEVO apIIUO TEMEQUCUEVWY ACUVEYELDY O€ ol Tepiodd Tou. AuTtég ol Buo ouvirixes Aéyovtan
wyvpés avrdnies touv Dirichlet. AZ{ler va onueiwdel 0Tt onoodnnote orjua unopolue va Topdouye
070 gpYaoThplo txavomolel Ti¢ loyupés ouvirxeg tou Dirichlet, xau dpa €yet oelpd Fourier nov ouy-
xhivel. Etor, oty npdln, n guowr Omapdn Tou 0HUUTOS €tvar Lol tXav] xon avoryxodar cuviixn yio
v Omoapén tne oepde Fourier tou. ;-)

2.2 Iduotnteg Yetpodv Fourier

Trdpyouv modhég ypfowes 1wB16TNTEC TwV ocipwy Fourier, mou Ya coag Aloouv ta yéplo o€ TOAAEG
epappoyéc. O mivaxag 1 anewxovilel Tic neploodtepeg.

2.3 Mepixég axdua TapATNENOELS

1. To poadnuatixd mou meptypdpouy tnv avaiuon Fourier npéner va cug etvar Eexdapa, ooy anAd po-
Unpotind. To mpdBinua etvar o1t dev mpénet va apxelote oc autd. Ilpénel vo xatahdBete nidg autd
EPUNVELOVTAL AT'TY) OXOTLE TOU PNy ovixol. AucTuy®S 1) EpUNVELL and TNY TEaxXTIXY) OXOTId NS Avd-
Auorng Fourier étot énwg v €youpe ypdder, dev eivor Boixd. Ag ahidEoupe otulh. Anodewvieton —
delte 0TIC ONUELOEIC oag — 0Tl xde mpaypatikd, meplodikd onpa UTOPEL VoL YRupel 6T HOPPY:

x(t) = Ap + Z Ay, cos(kwot + d) (15)
k=1

omov Ag = Xo, A = 2| Xy|, xu ¢, = £Xj. Eivon npogavéc 61t 1 oyéon (15) npoxtinter AMEXA,
av €youye Ppet bhoug Toug ayvhotoug e oxéone (8). ;-) Auth v oyéon eivar IIAHPQY 16080voun
HE TNV avtioTtoryn oyéon 1wy extdetxdy. Mdkiota undpyouv TUTOL Yiol TOV UTOAOYIoRO TV Ay ywels
™ Yeron tou Xj. EdG hoimdv efvan mohl o @avepd 6Tt €va TEpLOdING, TPAYHATIXG OHyo, AvVIADETAL
o éva ddpoloua NUTOVRY, UE ouyVOTNTeS oxépaieg TOMNAATAdOtES Ui Vepehiddoug wy. To oyfua
10 delyvel eva TOAD YVwotd ofud xou 10 IO autd mpooeyyiletan otyd otyd and to dlpotopd TV
NUTOVLY, Ta omola €Youy quYVOTNTES TOMATAAGIES TNE Wo.

2. Tleg npoexuday avtol ot ool duwe; Ewixd ov timor ye ta ohoxhnphdpata twv X eivon apxetd
neplepyor. T onuaivouy; [oti exciva tor ohoxknpoduata divouv toug ouvteheotéc Xy; Iatl nohha-
mhaotdloupe 1o x(t) pe e IRl o petd ohoxhnpdvouye; H amdvinon diveta and v évvowr g
TPOPOrTIS.

Ac nolpe, eviehdg exhdixeupéva, 6Tt eloTe o€ €va dwpdTio pe wia Aduna oty opogr). Ilpogavag,

*Einoye, autd ta ofgata éxouv xdmowee “avwpahics 7' )
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[S16tnteg oelpwy Fourier
ISi6tnTa [Teprodixd ofpa Yuvtekeotég Fourier
x(t) mepodixd e meplodo Tp Xk
y(t) meptodixd pe nepiodo Ty Y
Tpappixdtnto Ax(t) + By(t) AX}y + BY;,
Xpovixn petatéminon z(t — to) X e~ Ikwoto
Mertatonion oty ouyvotna eI w0 My (¢) Xk—m
Yuluyég onpa 0To YpoVo x*(t) Xy
Avtiotpogr| 6Tto ypdvo x(—t) X_k
Ttddwon oto yebvo z(at), a >0 Xk, pe nepiodo Tp/a
Ieptodiny) ouvéhin / x(T)y(t — 7)dr ToXiYs
Ty
[ToAamhaotooude z(t)y(t) Z XiYi—y
l=—00
aporydyton da(:iit) Jkwo X
0o, " a(r)d L
oxhpwon /_Oox(f) T o
X = Xikv
R{X} = R{X 1},
Yuluyrc ovppetpia x(t) mpaypatixd SH{ Xk} = —S{X_«},
[ Xk| = [X ],
/Xy = —/X 4
"Aptio pépoc ze(t) = Ev{x(t)}, x(t) npoypauxd R{X}
Meptttéd pépoc zo(t) = Od{x(t)}, x(t) nporypatind I X}
Ocewprnua tou Parseval 1 |lz(t)|?dt Z | X |?
To To k=—o0

ivaxag 1: ITivaxog Isothtey twy oepdv Fourier

070 mdtwua Yo TPy EL o oXLd 0ug, AoYw Tou puTiopol. Auth 1 oxid cag Va elvan elte ueydin eite
ey — avdhoyo tn Véon coc 610 yweo. H Aduna “npoldiiel’” Tov eautd 6o 010 TaTLUA, BECW TNG
oxdc oog. H oxtd oog etvon dnhadr wo tpofoky) Tou equtol 6o¢ 0TO TATOUL. AV TMEA XAVETE TIS
AVTIXATACTACELS

o ndtpe == cuvapthosic Bdong e hwot)
® coUTOHC == TEPIOBIXS GNP,

® A\dumo == ONOXAPWUAL, XUt

e cuvteheotéc X == ouid,

éyete v avahoyio. :-) ‘Onwe n Auna tpoBdilet 6dc 610 ndtwUA Y€ow TNC oXidE 0ug, €16t TO
ohoxhhpwUd Twv cuvteheatdv Fourier mpofdhhet to z(t) o€ éva yohpo and exdetind e IF+0t Ay 10
amotéheoypa Xy, eivor peydho, onuaiver 6Tt tepéyetan “rohd’’ an'to eIk yuésa oto meptodind orjua.
T duer) poc avahoyio, 1 oxid oag eivon apxetd peydin oto ndtwpa Tou dwuatiou. :-) Avtiotouya,
otav To anotéheopa eivor pxpd. ‘Otay 1o ofjua dev Teptéyet xalOAOU Wiar CUYXEXPIUEVY) CUYVOTNTA,
onh. éva ouyxexplévo exletind, T6Te 10 ohoxAfipwua Yo mpénet va elvan undév. AvtioTtotya, 010
Otxd pac mapddetypa, Bploxeote axpBKc xdtw an'tny Aauna, dpo 1 oxtd oag dev npofdiheton Tovdevd
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1term 2 terms

Syfo 10: Avdhuorn npaypatixol oHpatos o nuitova

070 Tt -)

Puoixd, yia xdde k ouvidwe undpyel dagopetinn T Tou Xp. Autd onualver 6t to x(t) Tov
rpoPdlhoupe éyel dragopetind péyedoc “owde 7, X, mhvew oe xdde e IOt yig xdde T Tou
k = ko. ‘Apa 10 ouyxexpwévo extdetind e TFowol neoidyetan “noll’’ A “hiyo’ oo meplodixd ohua,
avdroya ge TNV Tt Tou X, . Autd UnopolyE Vo To EXPEAGOoLUE GTY) Bixt pog avahoyia kg petaxivion
TN Aumog o€ dlapopeTind onuela Tou ywpou. Kdle petaxivion dnhover pa Stapopetiny) T Tou
k = ko, dpa n oxia mou mapdyetar Yo €yer éva ouyxexpipévo “uéyedoc 7, Xy, .

Mnogolue Aondy teMxd va ToOUe OTL TO TEPLOdIXd oy fua AVaADETAL OE pLol ATELRT), EV YEVEL, OELRd
ané exdetind, Twv omolwy 1o “Bdpog 77, dnh. 10 TOGO “mOAL” R “Alyo” mepi€yovior GTO TERIOBIXG
ofpa, oyetileton Ye TNV TEoBOAY TOU GHRATOS TAVL OTNV OIXOYEVELL QUTWY TV EXVETIXOY ONUATWY.
AxpiBdde dpota etvar 1) totopla av oty Yéon TV exdeTidy Bdlovue Ta Nuitova, OnmS anodexviet
oyéon (15).

IMo nopdderyua, €0Tw OTL AVIALOLUE €V TEPLOBIXG oNpa, xat €vag ouvieheotric Fourier eivar X3 =
2e7™/4 té1e authd T pog Aéer; Aedopévou 6Tt 10 Teplodind aria cuvtideton omd wryadind exdeting we

o
p(t) = Y Xyeltot (16)
k=—0o0
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0 mpoavapepYévTac cuVTEREOTAC pag AéeL 6Tt To exdeTind €730 Guvelopéper ot ohvieoT Tou ofjuatog
pe mhdtog 2 xou @don /4. Av autd cag avtdler xdnwe duovénto (av xor de Yo €npene), TéTE Aol
10 ofjua evar mpaypaTid, Yo éyer xon éva cuvteheoth X4 = 2e7I™/4. Ay mpoodécouye T exdetind
Xzeldwot  Xre=I3wot Yo gyouye:

Xged3ot 4 Xgei3wot — 9¢) Bwot+m/4) 4 9, —i(Bwot+m/4) _ 4 cos(3wot + 7/4) (17)

Autéd Zexddapa dnhdver bTL 10 epodixd o Tou avakboupe Teptéyet Tov 6po 4 cos(3wot + m/4),
HE GAAOL AOYLL, YLOL VO XUTOOXEVACOUUE TO GTiual Tou avahOOUUE eival avaykaio Vo yenotLoTol |OOVUE
éva nuitovo pe ovyvétnta wy = 3wy, nhdtoc A = 4, xon @don ¢ = 7/4 (petallh AWy NUTOVWLY,
udavotata). Etor howndy, tdhpa cuc ewvar Eexddtapo Tt axp3de onpaivouv ot cuvieheotéc Fourier
OGOV APOPE. TN CNHACIAL TOUC OTNV avdAUoT) xau oTY) ohvieoT).

3. ®uowd napatnpeite 6Tt 1) oelpd Fourier anoteheitar and dretpa exdetind (¥ nuitova). Ltnv npdlr, dev
UTOPOUUE VoL EYOVUE UTELRA NUITOVA. AVoryXaoTIXd XpaTdUe evay aprdud and autd. Aelte mapaxdte
™ oyet Tapdypapo Yepés Fourier otny mpdén, yio 10 Twe 1 TEOGVESY, OAWY AUTOY TWV HUTOVLY
oivel 1o apyixd, meplodixd ofua. o wa yeryoen patid, deite to oyfuo 11.

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

— - ST
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Syfpo 11: Tlpooéyyion tetpaywvixo’ neplodixol todpot and 49 nuitova

4. IHapatnpRote oto oyfua 11 611 oTa dxpa Tou TEAROY LTdEYEL Kia TOAGYTOOT. AUTH 1 TAAAVTWOT)
ovoudletar gawduevo Gibbs xar dev eCoheigeton oty npdln, AGYw TOU OTL TAVTA YENOILOTOOVUE
TenepaoUéVo aptdud NUTOVLY Yia va tpoceyyioouue o mepiodixd onfpa. Ogetheton oto yeyovdg ot
1 aouvéyew Tou tahwot (autéc ot axaptaies dvodot xar xddodol Tou replodixol ofjpatos) dev urnopet
VoL TpoCEYYLOTEl and TEMEQUOUEVO aptld GUVEY MY CUVIPTHGEWY.
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5. H avéluon oe oeipég Fourier egapudleton o nepiodixd ofuata, dnh. o€ ofuata Ameeng didpxeiag
TOU €Y0UV TO YopaxThHpa NG TeplodixdTnTac. Autd ta orpata Aéyovior ofuata 10y vog, doTL €youv
TENEPUCHEVY) LoD XAt ATELRT), EVERYELXL.

6. Eniong, wa Bolwn avanopdotaoy e avdhuong oe oetpée Fourier etvan 1 oyedlacn tou gdopatog
mAdrous xat tou gdouatos pdong. Ou gacpotixée avanapaotdoets (xou ot duo pall) poag divouy
OAH v anapaitnty mhnpogopia yia T0 Teplodind oo, Me dhha Aoyia, av €YOUUE TIC PUOUATIXES
AVATUPACTICELS, UTOPOUUE Vo Ypdouue TNy oetpd Fourier nou autée avtinpoownebouy. Enpavtixd!
Oupiletan 61t 010 Yhopa TAdTOUS avonaplotolpe To | Xk, dMh. 10 mwe oAhdler to mAETOC TWVY
OLVIEAEGTOV aVE GUYVOTNTA, EVH GTO Qdoud @done 1o LX, mou dnhdver 10 g oAldlel 1 @don
TWV GUVTEAEGTOV avd cuyvotnta. o nopddelypa, oto oyfua 12, BAénete 1o @dopa mTAdToug xau
pdopa Qdong evog teptodixol afuatog. Ot cuyvotnteg 6Toug optlldvTioug GEoVeES €8¢ TapouatalovTal

Exponential Fourier Series Magnitudes Xn for x(t)
03 T T T T T T T

02k B

o

Magnitde

@9_9_%_@_?9_9?_‘1?_?0T_T_T_Q_T____ L _TO_T_T_?_e_‘f_‘f_ﬁaO?_?_%@_?_@_e

[am)

01 L I I
-15 -10 -5 ] 5 10 15

Frequency (s

Exponential Fourier Series Phases Thetan for x(t)
2 T T T

BRIERE R
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|

&

G
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Frequency (s

SyAua 12: ®dopo nhdroue (ndvw) xo pdoua @done (xdtw) evoc teptodixot ofuatog

oe povdda pétpnone rad/sec (dnh. oty Aeydpevn yovaxh cuyvotnta w = 21 f), x oyt Hz, evd n
pdon yetpiéton oe axtivio (rad). o tnv axpiBeta, 1 xuxhixh cuyvémnta w = 27 f xat v ouyvéTnTa
f yenowonolobvton gupéws xou evahhd otn PiAoypagpia. Euele gpétog npotipolue v ouyvétnta
w novu petpiéton oe rad/sec. Bhénete 6t o1 ymhe tipéc tou | Xi| avuiotoyolv ota Yetnd k, eved ot
npdowves tuée tou | Xi| avtiotoryolv ota apvnuixd k. H xbxoavn tud eivon 1 péon T tou ofjpatoc,
10 Xo. Oyowa xou yio tic 1éc e pdong, £X;. Bhénete 6 yia Tic Tiwée k = %Ko, ot Tipéc tou
paopatoc | X, | elvon Bieg, xau ov Tipée Tou @dopatog pdone LXj, eivar avtidetec. ‘Apa ta pdopata
AT AVTIOTOLYOUY OE TRAYHATIXG o, Yiotl txavomoohy Ty widtnta X = X_j. Onote npénet va
éyete unddn oac Ot éva mpaypaTixd ofua Eyel dpTio YAGPO TAETOUC Xou TEPITTS PAGUa YaoNe. ;-)

7. TlpooéZte 611 to pétpo twv ouvteheotwy Fourier, | X/, etvon otadepd # @iiver xan teiver oto 0 boo
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10 k — +00. Auté etvas KANONAY o710 gdoya mhdtoug, 6tay €youye dnetpa Xi. Ae Yo propoboay
o | X | va aw&dvovton, yrotl éva tétoto dbpotopa | Xj| Ya édive ouvolixd dnelpo mhdtoc 6To neplodind
ofpa. ‘Eyoviag auté 0To Yuakd cdg, xol TNV TEONYOUUEVY TORATAPNOT], UTOPEITE Vo ENEYYETE TIS
anavTRoELS 6og 0To Gaoua TAdtoug ot Yewpntixés acxnoeg. Tovileton 6Tt To Topandve oyler dtay
avarlovye €va neptodind ofpa oe ATTEIPA nuitova. ‘Otav n.y. €youue éva dipoloua

N
2(t) = Ao+ Y _ Ay cos(kwot + o) (18)
k=1
ﬁ N
z(t) = Z X edhwot (19)
k=—N

t61€ éyoupe nenepacuévou Thidoug nuitova (N oty npdtn nepintwon, néoa ot devtepn; — quiz —
=) ), dpa o A # ta Xy wnopotv va €youv 6mota xatavour 9éhouy, 6oo auidvet 1o k.

. Xiyoupa éva otolyelo mou Yo cog Eevilel apxeTd eival aUTO TV APVATIXWY CUYVOTATOY oTa EXVETI-
x4, Zépovye 6T cuyvOTNTA Elvar 0 aprdpdg enavalfPewy EVOC ORUATOC TN LOVADA TOU YpOVOU, XL
avopgiBola autdg o apiudg eivon pio Yetied tocodTTa. Aev prnopolue va €youpe fo = —4 enavohy-
Peig avd deutepdbhento!l :-) Ilde epunvedetor o apynux) ouyvotnTa; XEenoWoToldYToS il YVWoTH
TOUTOTNTA, UTOPOUUE Vo EXPEACOUPE Eva Muitovo apvntixrc ouyvétntae —wo = 2m(—fo) o

cos(—wot + 6) = cos(—(wot — #)) = cos(wot — ) (20)

Auth 1) e€lowor delyver xatapd 6Tt 1 cuyvétnTa Tou NULITdVOL Eivar |wp|, xou eivar Yetudr. Tog thpa
OUWS EPUNVEVOLYE TIC PUOUATIXES YPUUUES OTIC apvnTixéc ouyvotntes; ‘Evag acguiric tpdmog eivan
var ToOPE ahd 6Tl To pdopa efva ot YpapLey, avanapdoTtaoy Twv cuVTEAESTWY | X | cuvaptioet Tou
w. H mapousia apyntixdv ouyvothtov amhd onpaivet 61t utdpyet éva exdetind wog tétolag apvnTixiic
ouyvotntag ot ocipd Fourier mou avaiboupe. Amhé, étot dev eivon; -D Erniong, €yete unodm oug
6T Buo exdeTind oTig ouyvoTnTES kwy xou —kwp, Wiou pétpou A, divouv éva nuitovo mhdtoug 24 o1
ouyvotnta kwo.

. Ag molpe xor duo xouPévieg Yl 1o mepipnuo Yewpnua tou Parseval. A¢ Zavaypddoupe €8 Tig
avanopactdoelg xatd Fourier mou éyoupe det:

z(t) = Ao+ Agcos(kwot + ¢r) (21)
k=1

$(t) = XO —+ Z Xkejk:wot (22)
k=—00,k#0

Ac Solye tn oyéon (21) npwta. Kéde bpoc oo de&id pépoc eivor éva neptodind ofua, dnh. éva ofua
oy 0og. Anodewvieton 6T 1) 1oy 0¢ Tou apologaTog CUYNUITOVKY ool To UE TO ddpolopa TwV 1oy dwY
TV enpépous ouvnutévey. Apa 1 toyic tou z(t) eivor (o7 e to dlpotopa TV ETPEEOUS oY ULV
TWV CUVNUITOVWY TOU To anotehoty. Autd onuaiver 6tu

_ N AR
k=1

Z 7 2, 2, 4 7. 4 7,
xan avagpépetar oTn BiSAoypagia we o Yewpnua tou Parseval: oniovel 61 7 1oy 0g evOg TEPLOOIXOY
ofpatog eivon (o7 ge To dipoloua Twv Loy ley Twv cuvieheotwy Fourier.
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Puoixd pnopolue va yeddouue to Bio xou Y To exdeTind avantuyua Fourier:

o0

o
zt)=Xo+ Y X!l Pr= )X (24)
k=—00,k#0 k=—o0

3 O oeipég Fourier otnyv npdin

H rapdypagog auth dev €xet oxond 1600 va gag dellel odg avantiooeton YewpnTind éva nepiodixd ofua
oe oeipd Fourier, odhd va deiget nedg EXHMATIZETAL éva neplodind ofjpa and tor ouvnuitova e oeipd
Fourier xou tt evvoolye dtav Aépe 61t éva ofua IIEPIEXEI xdnolec ouyvotnec.

‘Eotw howndv 10 nepodixd ofipa x(t) nou neptypdgpeton ot wa nepiodsd tou Th we:

24, 0<t< b
t) = » s 2
z(t) {A, Lh<t<Ty

10 omofo Véhouye va to avantiiouue oe oeipd Fourier. Téooepic nepiodol Tou oyfuatoc autol gatvovto
Topaxdte, oto oyfua 13. Anodeilte uévor ouc - e€doxnon! :-) - 61

Periodic Pulse Signal (4 periods)
T T T

Amplitude
1=
T

0 1 I i i i I 1
o T o2 To  3tom  ZT0 sT07  3T0 7TO7 | 4TD
Tirne

Eyfua 13: Téooepic meplodot evog Teptodixol ofuatog

34 A _x AeI2, kodd
= — = — J — | — k = Tk ’
Xo 2 > X 27Tk:e (1= (=1)7%) { 0, k even (25)

r 7 7 7 e r ’ 4 e 7
Eotw lowmdy 61 anodeifate ta napandvew. :-) Etol, 10 nepodixd ofua nov oulntdue avortdcoeton ot
oetpd Fourier we evc:

34 XA e 34 X 24 m
t) =" eI lkwnt — T - 21 — 1wt — — 2
x(t) 5 +k_;wdd77ke 2e 5 +lZ;7T(2l—1) cos (( Jwo 2) (26)

(ouotaotixd Véoape mapandvew k = 21 — 1. O ocuvpPohiouds pe to I avti yia k €yve yio va unopolue va
EeywpiCoupe ot o6 BelxTr avapepOUAoTE OTY BIAEXELL TOU XEWEVOU - BeV elvan Addog var xpdTiGOUUE TO
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deixtn k mavtol) Ou ypnotpornotioouue MATLAB yia va 6olue nwg oynpatileton 1o ofya and to ddpoiopa
aUTGY TV cuvutévey. D rpaxtixotc héyous, g oploovpe 61t A =2 xu Ty =2 = wy = & =7
rad/sec. Tpdgovtoc xatdhhnho xddxa, ac dolue nwe oynuatiletar oryd otyd To teptodixd ofua pog and
T0 GUPOIOUA VTGV TWV CUVNUITOVWY Tou Berxaue tapandve. [Ipotod 1o Bolue autd, ag dolue Eva-éva Ta

7 )\/ z 4 /l() 4 I4 14 15 /O)\ 7, z z
TewTA Ay cuvnuitova tou toapandve adpoicuatos ota oyfuata 14, 15. o aUTd Ta cuvnUiTova £y0uV

First companent: | =1 Second component: | =2

05

U] % [RPRE OO OO OVOY X [0 O DOPOY N (HOOY 1 OOV 2 OO Y 1 P

Amplitude
Amplitute

)] T O
JEuJc] T O OOV § SO Y OO

Y e | I

15 i i H i i i 1 05 i i
)

Tirne. Tirne

(o) Hpdto cuvnuitovo tne oewdc Fourier (B") Teito cuvnuitovo tne oewdc Fourier

Eyhuo 14: Suvnuitova mou cuvidétouy to Teptodind ofua - 1

Third eomponent: | =3 Fifth cormponent: 1= 5

Amplitude
Amplitude

-0.05

02
1)

Time Time

(o) IIéunto ouvnuitovo tne oepde Fourier () Efdopo cuvnuitovo tne oewpdc Fourier

Eyfpo 15: Yuynuitova mou cuvIETouy 1o TERLOBIXG O - 2

oLy voTrTa axépona TolamAdota g Yepehddous ouyvétntag wy = 7 rad/sec. BAénete 61 boo npoywpdye
Tp0¢ TIC VYNAOTERES APUOVIXES GUYVOTNTES, TOGO 1) CUYVOTNTA TWV CUYNUITOVODY UEYUADYVEL XAl TO TAATOG
Toug gUivel. Aoyxd, av oxeptolye autd Tou WOMC EIMAUE VIO TIC APUOVIXES XOou TNV TUQATARNOT Yol T
A&ty o nponyoluevy topdypago. To mpdto cuvnuitovo tou adpoiouatog éyet cuyvotnta (21 — 1)wy =
(2%1—1)wp = wo, 10 debtepo €yet ouyvdtnta (2% 2 — 1)wy = 3wp, T0 1piTO Swy, .., T0 210 €YEL oUYVHTNTA
410.]0.

Biénete 4Tt o1 ouyvotnteg ebvan enlong nepittéc axépaneg nohhanidoelc tng Yeyehndous. Eivar avaye-
VOUEVO, ULog Xou EIBOUE TUPATAVE OTL TO aVATTUYPE pag anoteleiton wovo and neprttd k. To dptia k €youv
TAdTog PNdEy, dpa ta avtiotoya cuvnpitova elvon undevixd - npooete, wWAdue Yo o k, oyt yia T [, to
omola maipvouy dheg Tic axépoteg TEC aAAd Bivouy povo mepittd k!

Mpoooyh, Eavd bpwc! =) ‘Otav wAdUe yior dplovixéc ouYVOTNTES XAl YLl To avtioTolya cuvnuitova,
AVAPEPOUOTE OTIS AXEQUES TOANATALOES TNE VEUEALDBOUS, ACYETA AV TO AVTIOTOLO TAUTOS TOU GUVNUL-
t6vou eivor undévl Amh. yio moedderypa, N mpGTY cppovixd éxet ThdToc £ xau ouyvoTNTA wo, 1 delTERN
€yel TAGTOg UNdEV xat ouyvoTHTA 2w, 1 TEiTY apuovixt €xet Thdtog %r xou oY VOTNTA 3w, 1) TETARTY €)Et
TAETOC UndéV xau ouyvéTTa dwp, 1 TERTTY €YEL TAGTOC = Xt SUYVOTNTO Bwp, X.0.X.

Téhog, av unohoyloeTe To TAATY TV TUPATAVEL CUVNIITOVGDY antd Tov TOno ¢ oelpds Fourier, Yo Ppeite
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avtiotorya 2 = 1.2732, ;& = 0.4244, &= = 0.2546, -~ = 0.1819, ;- = 0.0311, nou oupPodilouy anbhuta
HE TOL TAATH TV CUVAITOVV GTA TORATAVE GY AT

Ondte autd mou pag Aéet 1 Yewpla twv oepwy Fourier eivon 61t av adpoicovpe OAA autd ta ouvnuitova
(xou mpoo¥écoupe 6to Téhog xou TN wéon tuh Xo) to anotéhespo mou Yo ndpovye Ya eivar (810 xt anapdh-
AoxTo pe To mEpLodnd orfua mou etyope €8 apyhc! Puoind yio va elvon andiuta (dlo, mpénel vo adpoicouue
drepa ouvnuitova — €tol Aéel 1 Yewplo. Xty mpddn @uowxd autd dev unopel va yivel. Oa adpoicouye
xdmola and autd, 6o YEhoupe euelc, ue Bdon xdmoto onTind, padnuaTixd, 1 dGAho xpithiplo. Autd onualvel
6Tt 10 ofjpa mou Yo mdpouye Yo €xer xdnoleg dapopés pe to apyxd. To néoo peydheg Yo eivon, eCoptdtan
and To TAfUog TV cUVUTOVELY Tou Va avpoloouue. Ag¢ Eextviooupe Aowmdv vo adpoilouue Evo-€va To
ouvnuitova yio vo dolue g oynuatiCetoar o apyxd orfpa. Aelte to anotéheoua ot oyfuata 16, 17, 18,
19.  Bkénete 6t yio 1000 appovinés, To anotéAeopa efval oUcIAoTIXE ONOIDIO GTO UATL UE TO 0PYIXO OHPA

Fourier Series of a periodic signal for k=1 harmanics Fourier Series of a periodic signal for k = 3 harmonics

05

Amplitude
Amplitude
=

05

Time Time

(o) "Adporopa evéc nuitdvou e oewpdc Fou-  (B') ‘Adpoiopa Tpudv NtdVeY TNne Oelpdc
rier Fourier

Yyfuo 16: Xdvieon orjpatog and cuvruitova - 1

Fourier Series of a periodic signal for k=5 harmanics Fourier Series of a periodic signal for k = 7 harmonics

Amplitude
Amplitude

Time Time

(o) "Adpotopa tévie cuvnuitdvwy e oewpde  (B') Adpoiopa entd cuvnuITédVLY TNe oELEdC
Fourier Fourier

Yyhuo 17: Xodvieon orjpatog and cuvnuitova - 2

- otV ovaia Bev elvan dUwWG.

Tdpa howndy eivon ma Eexdbapo yratl n avdiuon oc oelpéc Fourier pag diver Ty andvtnoy yio 10 ToLd
elvoll TO LY VOTIXO TEQIEYOPEVO EVOC OHUATOS, ONA. UE dAAa AOYLa TOLEC GUYVOTNTES TEPLEYEL €V GRUA.
ITepiéyel autéc TIc oUYVOTNTES TWV OTOWY To GUVIHIITOVA €YOUY U1 UNBEVIXG TAATOC OTO AVATTUYUO XAUTA
Fourier, dmh. 0710 nopdderypd pog Tic ouyvéTnTeS wo, 3w, bwo, - - - = m, 3, b, - - - rad/sec.

Béoet autodv, unopolue edxolo vor oyeddoOUUE AUPITAEVPO GACUN TAUTOUSC Xt PACUA GATNG, Lol ol
gyouvue Ny exdetxr] avanapdotaoy tou avantiyuatog. To mAdtoc X ebvar ioo pye Xj = ﬁe_j%, yio
neprttd k. Apa Vétovtag meptttée Tiée oto k, €youpe Tar avTioTOLol TAATY Yiol TIC TEQLTTEC GUYVOTNTES
w0, 3wo, dwo, - - - . TIpocoyh dpwe, yiatl agol 1o nAdtog X, etvon pyadinds aprdude, Yo npénet oto pdoua
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Fourier Series of a periodic signal for k = 200 harmonics

Fuurier Series of a periodic signal for k = 30 hammenics

Amplitude
Amplitude

A):] ST A

Time Time

(o) "Adpoiopa tpdvta cuvnuitévey e oe-  (3') Adpolopa dwaxocioy cuvnutévev e
pdc Fourier oewpdic Fourier

Syfua 18: Xdvideon onpatog and cuvnpitova - 3

Faurier Series of a periodic signal for k = 1000 hamonics plus %

Fourier Series of a periodic signal for k = 1000 harmanics

1 4
08 4 35

06

0.4

02

Amplitude
-
Amplitude
N

02
-0.4

-06

20 I

Tirne. Tirne

(o) Adpoiopa yMwv cuvnuitévey e oew-  (B) ‘Adpoiopa Xo+ ythov cuvnutévey tne
pdc Fourier oelpdc Fourier

Yyhuo 19: Xdvdeon orjpatog and cuvruitova - 4

4 4 7, e 4 ’ 2 4 ’ Vi
nAdtoug va Bdhete o | Xi|. ‘Oupota yia to @dopa @dorng, 1o onolo eivar otodepd xou (0o pe —F yiol Tig
Vetixée mepLttéc ouYVOTNTES, eV elvon Pndév Yo Ti¢ VeTinée dpTieC ouYVOTNTES, ot (00 PE § Yid TIC
dEVNTIXEC TEPITTEC oUYVOTNTES (xou TdAL undév yia g apynuxéc dptiec ouyvotnes). Kotahofaivete to

yrotl; Xyeddote tal :-)

4 Oupwcg...

Edaye — ot dewpio oog xan €6 — par pédodo avanapdotaong evog Teplodino) oRuaTtog ws eva ddpot-
opa ex¥ETIXOY ONUATOY TV OTolwy oL cuYVOTATES elvan axépoiat ToAAATAdoLo P Yegehindous. Auti
7 avanapdotaoy (oepd Fourier), xadde xaw 1o ouunepdopatd tne, eivar ToAdTwrn oe noANéC eQupUoYEc.
‘Ouwe, €yer To TapoxdTe Yelovex Tt

1. H oepd Fourier unopel va ypnowonowmdel uévo yio neptodind ofjpata. ‘Ola dpwe tor ofpate oTny
npdln etvou pn meptodixd (Yupndeite ott éva neplodixd ohpo Lexvd ond 10 —00).

4 4 7 7 ’ 4 4 A4 4 7
2. H zeyvue auth urogel va egoappootel o aouuntwTixd eustadr) cusThpaTa, aAAL Oyt 1060 EUXOAA GE
aotadn 1 optoxd evotady) cuoTAATA.

To TEMTO UEIOVEXTNPO UTOPEL VAL UTEPXEPAGTEL YE TNV AVITORIOTAOY W] TEPLODIXMY GNUATWY ©¢ dipoloua
ex¥eTIX®Y onudTey. Autd dev elvar dhho and Tov neplpnuo petaoynuatiopud Fourier, nou Ya deite obvtoypa.
To deltepo petovéxtnua umopel vo utepxepaocTel Ue T ypforn exdetixdv e popghc e, dtou To s dev
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ebvor amapaitnta (oo ue jhkwo, ahhd umopel va mdpet xt dAheg Twéc. Auth Tn yevixeuon Yo 1 deite Alyo
apybtepa, oTov Tepignuo petaoynuatiopud Laplace. ;-)
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