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Avanapdotacn Pdouatog
ElSaue 6t
z(t) = Acos(2m fot + ) = Re { X e/“°'} = Re { Xei*Fot}

omou X = Ae??® glvon 1o uyadind midroc. Mpw elyoue det 1o ofuo:
v () \

N

z(t) = Z Ay, cos(wot + pr),
k=1

dnAad?| évar ddpotoua NuULTOVOEWWY Blag cuyvétntag. Edw da acyoindolue ue
N dnuloupyia Tou oruaTog:

N N N
z(t) = Z Ay cos(wrt+yr) = A0+Z Ay cos(2m frt+or) = Ag+Re {Z Xpel2m et

k=0 k=1 k=1

omou xy, elvon to Uryadixd mAdtog Tou uryadixol exdetixol ofjuatog UE cUYVOTY-
ta fr. Hapatnpriote ét €déd tar nuLtovoedr| tov adpollouue dev €xouv v (Sia
ouyvotnTa.

®dioua elvan 1) Ypopixr) TAPACTACT TWV CUVLOTWOWY TOL UTdEY 0LV OF £Val O
uot/ouvdptnon. Elvar évag yphyopog tpénoc yia va eAéyyouue ) oyéon UeTaEd
TWV CUVLOTWOMY QUTGY.

Y1 ouvéyela Yo aoyoAnlolue apXeTd UE TO CHUL:

N

z(t) = Ao + Z Ay cos(2m frt + pg)
k=1

n ouyvotna fr Yo avopépetar oe Hz (xOxdot / sec).
Xpnowonowdviag tny avtiotpogrn oxéon tou Euler:

A A
t) = A 27 frt jor 27 frt ,—Jpk
.CL'()— 0+k21{—2€ € +—2€ e

N
X D. G
:AO+Z{Tke]2wfkt+ 2k e—g27rfkt}
k=1

Apa xdde nuLTovoedéc orjua avahleTon o€ d00 TEPLOTREPOUEVA ULYadLXd TAG-
T éva ue Vet ouyvédtTa fi xon évar dhho Ue apvrtixh cuyvotnta — fi

[Mogdderyua:

2(t) = 10+ 14 cos (2r100¢ — ) + 8 cos (27250t + 7 )

}



Xpnowonowwvtag TN oyxéon tou Euler:
14, .- . x 8 x i

:c(t) — 10+_ (e ]36327r100t + €+]3€ 327r100t)+_ (6]26]27r250t +e ige ]27r250t)
2

_ 106j27r0t+(7e—j%) ej2n100t+(7ej§) ejzn(—loo)t+(4ejg) ej2w250t+(4e—jg) 327 (~250)t

Apa ypapud umopel vo avomapaotodel we:

[}
10

jv/3 -j T3
. 7e 7e .
-j W2 jTv2

de 4e

250 100 100 250 f(H2)

Eyua 1: ®doua mAdTous xon QAoNne (AVOUELYILEVO THPAVOUKC).

IMapatnpolue dtL 10 piyadnd mAdtog xdde apvntixic ouyvotntoc elvon ouln-
Yéc oL ULYadob TAdToug Tne avtiotolyng Vet ouyvétnrac. Autéd elvar pia
and g WOTNTEC TOU QAOUATOS OTAY TO G oV avohOOUUE elvon Tty hoTL-
x6. Enlong onueidote 61t oo napamdve oyfiuc €YoLUE TopaoThoeL (TapavoUues)
Huyodued ey cav autd va ftoy mparyuartid. Autéd €xet yivel ue Bdor to mhd-
TOUC TOUS QLY VOOVTAS TNV TANpopopla TNS @dome Toug (ov xoll Ut ONUELOVETE).
Koavovixd to @doua ywelletar oto @doua mAdtous xou @doua gdons. A mobue
OTL YLt ouxovoulal ywpeou Bdhaue tor 300 @douoTa ot éva. Xe mopoxdtew SEEELS
Yo €youue cLNTACOUUE UPXETEC POopEC TEpl QUOUATWY OTOTE XL O TOPATAVE
darywploude Tou pdouaToc o PAoU TAGTOUS Xt ot pdoua @dong Yo tovileto.

Av xou to @dopa NuLTovoeld®y onudtwy Peloxeton EOXOAN YENUIOTOLOVTAS
T oxéon ou Euler outd dev elvon ndvta ebxoho yia dhhou eldouc ofjuota.
‘Ouwg undpyouv Baowxd uadnuotxd epyolelo tou Boaoiloviar otny gpyasia Tou
I. Fourier (1822) xon yU awté Aéyovron: Metaoynuotiouds Fourier x' Xeipéc
Fourier. Etol ypnowonowdvtag tov yetaoynuatiopsd Fourier unopolue vo
doUuE Tolo ElVaL TO QUOMATIXG TEPLEYOUEVO EVOC GHUATOC.

Avéhoya e tov Tino toL ofuatoc (teplodind 1 un teplodixnd) elvar Suvartdy va
avamapaoTHOOUUE xdde ofua e ddpotapar Utyadixwy exdetdy onudtwy 6nou:

1. Ou ouyvédtneg elvar mohhamAdotar ylag Baowxic ocuyvétnrag mou Aéyetan
Vepehddne. (nepodixd ofuata) (apuovixh oyéon).

2. Ou ouyvétnreg dev éyouy auTh TV apuovixh oyéon UeTadd Toug (Un TEpLo-
dxd ofuara).



O peraoynuatiopée Fourier Yo nopovctactel nopoxdtw.

IToA\amAAGLACUOG NULTOVOELOWY CNLATWY.

Auth n mpd€n €xeL epapuoy:

1. Etn yovowt| yia TN napaywyT «xpbtwvy ( beat note ) dmou €va nuLTOVOEL-
déc ofua uxphc ouyvétntag .. 10 Hz molhoamhooidletar e éva dAho
ofua cuyvétnrac 1kHz.

2. X padrogwvla 6Tou yenoruonolobue Stoubdppwon xotd thdrtog (AM - Am-
plitude Modulation).

[opadetyuora:

eleﬂ't + efj107rt ej7rt _}_efjwt
2 2

z(t) = cos(10mt) cos(nt) =
2 1 1 9
= 7 cos(1lmt) + 5 cos(9mt) = 5 cos(2m 5,5 t) + 7 cos(2m 4,5 1)

IMopatneelote méco xovtd elvon oL d0o cuyvétnrec. Etol @tidyvouue éva
beat note otn pouvowd|: Ipoolétovtac 300 NuLTovoeElY| oAuaTa Ue ULxEn
dapopd ot cuyvdtnta. Anhadr nallovtag 0o yertovixd TAixTpa 0T Td-
vo tavtdypora.

ejtomt _ ,—jlomt 2
z(t) = sin2(107rt) = (T)

YTrevdouon: (a —b)? =a® +b% —2ab , j2 = -1

1 . : )
2(t) = -3 <e—320m& 4 e—i20mt _ 2ej(10—10)7rt) _

cos(207t)

N =

1
2
Ac PdEouye pta oyéon UETAED TOU CHUNTOC XPOTOU, TOU QAGHATAC TOU, XOL TNG
ToAATAACLACTIXAC OXéomg Twy onudtwy. Ilpoolétouue 800 nuitovoeldh ouata
UE XOVTLVEC OUYVOTNTES:
z(t) = cos(2m f1t) + cos(27 fat)

Opitovue: BEL = fo , Boh = fy
Ovoudlouue: fc : Kevipuh ouyvétna, fq @ Buyvétnta andxilong.




Yyfua 2: Kevrpu ouyvotnta xo cuyvotnta andxhong.

Ioyoe: f =fc—fa, fa=Ffc+ fa

z(t) = Re {eﬂ”flt} + Re {eﬂ”m}
— Re {ejzﬂ'(fc—fd)t + ej27f(fc+fd)t}

= Re{ei?nfot (ei2nfat 4 o=i2nfat))
= 2cos(27 fat) - cos(27 fct)

DN mopddetypa av €yovue adpolouota SO0 NULITOVOELSWY ONUATWY UE CUYVE-
e fi = 180Hz ' fo = 220Hz awtd €youy npoxidet and tolamhactaoud d6o
NULTOVOELSWY onudtwy ue ovyvotnes fo = 200Hz x' fq = 20Hz

‘Etou: 2 cos(2720t) cos(2m200t) = cos(2w180t) + cos(2m220t)
Y10 oyfua 3 galvetar (mdvw) d0o ofuata oto ypdvo ta onola Vélouue va
ToAMmAACLEooUUE Xt (XETw) To YoUEVO auTdy. ATd T oyfua xou ) oyéon

anéotaong 800 undeviouwy (t =1. fl—d) BAénouvue 6Tt 600 1 fq (N dtapopd ueTa-

€0 Ty oLYVOTATWY) ULXPALVEL, TGO UEYAADVOUY OL ATOCTACELS TWY UNSEVIOUEMY
xot T0 beating effect ueldveton.

Auté axpBde yenotuonoloty oL wouotxol dtay xoupdilouv dGo dpyava va €youv
Tov (B0 tovo. Voo €youv ta dpyavd toug dapopetxd TévVo, 1600 axoVVE TO
beat effect . ‘Otav ta épyavd toug mAnaldlouvv oe t6vo, o0 0 fq Uixpalvel dpa
X0 TO QPALYOUEVO TOU XpGTOL.



N

cos(2rfet) 2cos(21fat))

2

-2

cos(211(fc - fa)t)+cos(21(fc + fa)t)

t=1/(2fa)

Yyfua 3: IloAamhaoiaouog onudteny oto ypévo beat effect.



ALoroppnaT TALTOUG.

[ToMamhactacude NULToVoELdY onudtwy elvar ToAD ¥eRoUog XaL OTLC TNAE-
nxowvwvies. Autd to ofuota tou o Mue AM mpoxUrtouy an’ Tov ayYAxd 6po
Amplitude Modulation xot o’ to yadnuated an’ Tov TOAATAACLAGHS EVOS
NULTOVOELSOUC OAUATOC XUANATG oUYVOTNTIS UE €val ARG LPMANG CLYVOTNTAC.

x(t) = u(t) cos(2w fot)

‘Omou 1 ouyvétnta fo Yewpelton oA ueyahGtepn and TN UEYLOTN CUYVOTN T
mou urdpyel oo ofua u(t). To ofua cos(2mfot) Nyeton @épwv ofiua xou N
ouyvétnta fo Myetan gpépovoa cuyvétnta. To orfua u(t) unopel v elvon ..
Hovo i Qv

Ipoc o Topbv Yo Yewprioovue u(t) va elvar ddpoloua nuULTOVOELSOY onudtwy
m.x- Av u(t) = 5+ 2 cos(2w20t) xou 1 @épouvoa ouyvotna elvon f. = 200H z téte
0 AM ofua elvon

z(t) = (5 + 2 cos(2720¢t)) cos(27200t)

M onuovtied dagpopd petald twv onudtwy xpdtou ot v onudtewy AM
elvar 6L 1 nepBdhhovoar, dnhadn to NULTOVOEWEC orjua UE TN YAUNAH oLy voTNTa
u(t) = 5+ 2cos(2m20t), dev nalpver apvnuxée twéc! pdyuatt oto nopdderyud
Hoc to 2c0s(2720¢) elvar petadd tov +2 xon tou -2. Ipoodétoviae 1o ofjua
otadepol TAdtoug (DC) 5 éyel we anotéleoua to u(t) vo nadpvel Tywéc uetall 7
%ot 3.

Ac dolue xdde ofjua ywpLotd:

u(t) = 5 + 2 cos(2w20¢)

xou Ypnowuonoldvtag Ty e&lowaon tou Euler mpoxdmnrel:

@I2m20t | o—j2m20t
ty=5+2
u(t) = 5 + ( - )

_ j2m20t —j2m20t
=5+e +e

— 5ei2m0t | oj2m20t | —j2m20¢

"Apa 010 YWpo cuyvéTNTac To ofiua u(t) unopel va oyedlaoctel 6nwe (alvetat
oto oyfua 4.

‘Ouota 1o @épwv ofjua cos(2m200t) éxel To paouaTind TEPLEYOUEVO oL Qarlve-
ToL 0TO oY 5 Ao, yenotuonoldvtag Ty e&lowon tou Euler dnwe napandve,
TEOXUTTEL:

1 . 1 .
cos(2m200t) = 561%20075 + 5 o—J2m200t



N
>

-20 0 20 f (H2)

Eyfua 4: Anewdwion tou ofuartoc u(t) = 5+ 2 cos(2m20t) oo PO TS cUYVS-
™o

[ 1

>

-200 0 200 f(H)

EyAua 5: Anewdvion tou ofuatoc cos(2m200t) oto ywpo oLy vdTnTac



Yuvende yio to AM ofua tpoxOnTeL:
z(t) = [5 + 2 cos(2720¢)] cos(27200¢)

_ (5ej27r0t 4 i2m20t +67j27r20t) <lej27r200t + lejzﬁzoOt)

2 2
1 _; 5 _; 1 _,
_ 56—127r220t + 56—]27r200t + 56—]27r180t + (1)
+ 16127r180t + §ej27r200t + 16j27r200t )

2 2 2

Ty nopandve e€lowon to uépoc (1) nepléyer Tig apvnTixés cLYVOTNTES XAl TO
uépoc (2) mepLéyer tic Yeunéc ouyvoTnee.

Eymuoartixd o xopog g ouyvétntag tou AM ofjuatog a elvon autdg mou ak-
vetot oto ayfua 6 dSnAadh N gacuatixn edva tou ofiuartoc u(t) éxel uetapepdel

A
5/2 5
T T112 T T1/2
220 -180 0 180 220 f(Ho)
-200 200

Eyfua 6: O ydpoc ouyvétnrag yia 1o AM orjua
YOpw omb TN QaouaTXd exéva Tou Pépovtog ofjuatoc L.
Méypt tdpa €xovue udiet:

1. O moAhanmAaclaciu6g NULTOVoEdDY onudtwy elvon 1oodbvouog Ue Ty tpd-
o¥ean NULTOVOELIDY ONUATWY OE SLUQOPETIXEC GUYVOTNTEC.

z(t) = 2 cos(2m fat) cos(27 f.t)
= cos(2m f1t) + cos(27 fot)
omouv fi = fo— fa xu fa = fo + fa.

2. 'Otav npociétouvue NULTOVOEWY ohuata UE TNV {8t cLYVOTNT TEOXUTTEL
éva nuLtovoeldéc ofjua ou éyel Ty {dta cuyvéTTa e dha aUTd TIOU TPO-
o¥éoopue.

Iybpw and 0 pépouca cuyxvéTNTaL YL TRV axpifeLa



To mhdtog xo 1 Pdor ToL VEOUL NULTOVOELSOUE OIUATOS TPOXVTTEL UETH UNd
Y Q0poLoT OAWY TWY ULYOdIXDY TAXTMV:

N N
ZAk cos(wot + ¢k) = Re { ZAkejm e]'wot}
k=1 k=1

= A cos(wot + @)

Ac dobue thpa Tt TpoxOTTEL GTOY TPOCUETOVUE NIULTOVOELSY| GHULOTA TIOL €YOUY
dapopeTnés oLYVOTNTES AAAG auTég oyetilovtal UeTagl Toug UE dpluovxd TpdTo:
fr = k fo apuovixéc ouyvéneg
onou fo euerelddne cuyvotnta
6rmov k € N
‘Eotw Aotndv:

N
z(t) = Ag + Z Ay cos(2mk fot + ¢r,)

k=1

To ofiua z(t) elvon neplodixd. Xpnouuonoldvtog Utyodixd ThdTrn;:

N
z(t) = Xo + Re {Z Xkejz”kf(’t}
k=1
ém0u Xo = Aoej(27r0fot+¢0) = Age’® = 4, ue ¢o = 0, Xj = Apei®e. Ay Ty = fl_o
elvor 1 neplodog tou ofjuartog tote elvon ebxolo va del€ete bu z(t + Tp) = z(t)
agol ek = 1.
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Znueiwpa Adg10d6TnONG

To 1Tapdv UAIKO diaTtiBeTal pe Toug Opoug Tng ddeiag xpriong Creative Commons Avagopd,
Mn Eumropiki Xprion, Oxi Mapdywyo Epyo 4.0 [1] A petayevéoTepn, Aibvrg ‘Exdoon.
E€aipouvtal Ta autoTeAr] épya TpiTwv T.X. QWTOYpaQieg, dilaypduuata K.A.TT., Ta OTToia
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Q¢ Mn Eptropikn opiletal n xpAon:

o TT0U O¢tv TrEPIAaUBAvEl AUECO N EUPETO OIKOVOUIKO OPeNOG aTTd TNV XPrRonN Tou £pyou,
yia 10 dlavopéa Tou £pyou Kal adeloddxo

o TT0U Oev TTEPINAPPBAvVEI OIKOVOUIKA ouvaAlayy wg TpoltméBeon yia Tn xpenAon n
TPOGRaan aTo £pyo

e TTOU dev TTPOCTIOPICEl OTO BIAVOUED TOU €PYyou Kal adEIODOX0 EUUETO OIKOVOMIKO
OQENOG (TT.X. dla@nuiceIg) atrd TNV TTPOROAN Tou £pyou o€ BIAdIKTUOKO TOTTO

O dIkaIoUX0g UTTOPE va TTapEXEl OTOV adeIodOX0 {EXWPIOTH AdEIO VA XPNOIMOTIOIEI TO £pyO
ylo EQMTTOPIKH XPon, EpOcov auTtd Tou {NTnoOEi.

AlatApnon ZNUEIWPATWY
OTtroiadATToTe avatrapaywyn R dlaokeur Tou UAIKOU Ba TTpETTEl va CUUTTEPIAQUPBAVEL:
e TO ZnNueiwpa Avagpopdg
o TO Znueiwpa AdeioddTnong
e Tn dRAwon Alathpnong ZnUEIWPAaTwy
o 71O Znueiwpa Xprong Epywv Tpitwyv (epdoov utTdpxel)

Madi pue Toug ouVOOEUOUEVOUG UTTEPOUVOETIOUG.



XpnuatodoéTnon

To TTapdv ekKTTAIOEUTIKO UAIKO €€l avatrTuxBei aTa TTAaiola Tou eKTTAIOEUTIKOU £pyou
TOU BI1BACKOVTA.

To €pyo «Avolktd Akadnuaikd Mabruata oto [MMavemoTtipio KpAtng»  €xel
XPNMATOdOTACEI HOVO TN avadIauOPPWoN TOU EKTTAIBEUTIKOU UAIKOU.

To épyo uAoTtroisital oTo TTACicIo Tou ETixeipnoiakou lMpoypdupotog «EkTTaideuon
kai Al Biou Md6non» kair ouyxpnuarodoteital amd Tnv EupwTraik ‘Evwon
(EupwTraikd Koivwviko Tauegio) kai atrd €Bvikoug TTOpoud.
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