MHXANIKA KYMATA
XYMIIAHPQMA OEQPIAX

1. EI'KAPXIA MHXANIKA KYMATA
Kbpoto kotd pikog TevTopévou vijnotog

210 teviopévo pe duvaun F vipa tov Zynuatog 1.1a dnpiovpyodpue po eykdpoio dtotapoyn
(TapdAAnAn pe ) dievbuvon Y) 1 omoia S1001dETON WG UNYOVIKO KOUO KT KOG TOL VILLOTOC
(mapaiinio pe ™ oevbuvon X) pe toyvTa V. OTov N datapoyn avty SEpyeTal amd Eva
TUYaio onueio Tov vipartog, évo Tufpa dX Tov viuatog mov Ppicketal 6To TuYoio ovTd onueio
B extpanel amd ™ 0Eon woppomiag Omwg mepimov delyvet To peyebopuévo Zynua 1.1p.

(o)

XXHMA 1.1

Xe Kafe onueio Tov KLHOTIKOV ToAUoD, 1 0Ovaun F’ mov aokeiton maved oto vAua givot
EPOMTOUEVIKY] 6TO onpeio avtd. Avardovtag ) dvvaun F’ otig cuvictdoeg Fx kot Fy £xovpe:

E,=F (1.1)

F, = E.tan® (1.2)
Omov tand givai 1 KAGT TOL VAAUOTOG TNV TEPLOYT| TOV GTOLXEWDOOVS TUNpatoc dX. EE opiopod:
dy

tanf = — 1.3

an I (1.3)
Amo tig Zyéoeig 1.1, 1.2 ko 1.3 maipvovpe:

dy

E, = F— 1.4

y ax ( )

O xopatikdg TaApdg Tov Zynuatog 1.1 mweprypapeton pe v Kopotikn e€icmon:
y(x,t) = f(xtvt) (1.5

H npdtn peptkn mopdywyog g Kupatiknig cuvaptnong Y(X,t) og mpoc X kot g mpog t eivar
avtictoyyo:

dy Od[f(xtut)] O[f(xxvt)] d(x £ vt) dy O[f(x tvt)]
ox  ox  o(xtuvr)  ox = % akxtud)

(1.6)



dy O[f(xxtv)] d[f(xtvt)] a(x L+ i) dy 0d[f(x tvt)]
. ot o(xtur) ot = % ot 7

R RI{CEI)

o oaxwy U7

Ta devtepa péAN v Xyxéoewv 1.6 ko 1.7 givon ioa, omdte Ko To0 TPp®OTO. PEAN OB elvan ioa:

dy 1 dy 1 dy
A A = +yv-— .
ox vt o = Uy = TV (1.8)

2. ATAMHKH MHXANIKA KYMATA

2.1 Emineoo Avopnkn Kopato — Kopoato o€ aépra otiin.

270 0ploTEPO AKPO TNG AEPLOG GTANG TOV ZyNuatog 2. 1a dnuovpyovpe Eva THKVOLO 0P TO
omoio eEeAiooetal oe SAUNKES KOUATIKO TOARO OV StodideTOL e TOYOTNTO L KATA UKOG TNG
aéplag otAnG. To Zynuoa 2.1B anewovilel T petatonion Tov popiowv Tov aépa amd T 0éon
1G0PPOTIAG TOV SOUNKOVG KUUATIKOV TOAULOD.

op 0,

(@)
D(x)

e N~ == == X

(B) X
YXHMA 2.1

Tn ypovikn otryun t to daunkeg kopa £xel pOacel otn BEon X oty omoia ta LOPLOL TOL AEPA
€xouv:

Stywaio petotomion D(x,t) = f(x £+ vt) (2.1)

, , dD(x,t)
LTIy TauTnTo :  vg = —

Tnv dw gpovikn otiyun ot 0éon X, n otypoio petafoin dp g mieong tov aépa Kot 1
otTiypaio. OOVOUN ETOVOPOPAS TV pHopiwv Tov aépa mpog T Béom 1ooppomiag Bo eivan
avtiotolya iogg pe:

(2.2)



aD

ép = —B— F; = A(6p) = —BA— 2.3

p=-Bo—  xa  Fy=A(p) = (23)
H Zyéon 1.8 woydet ko yio to pnyovikd Stopnkn Kopato ota oroia, yio kabopd mpaktikods
Loyoug Bétovpe dmov D(X,t)=y(x,t):
aD 4 10D 4 1 4 D 24
—_— = ] — = = - .
ox v ot vl Ve = FV%y @4
Me v tpotimdOeon O0TL 10 eMimedo SAUNKES KOUA OEV QTOPPOPATAL OO TO HEGO d1O00NGS, N
160G AP mov petapépeton amd To Kopa avtd avd povada empdvelag AA, dnAadn n £viaon Tov
Koparog |, mapopével otabep.

AP

Yto emimeda kopota: [ = —
TA ETTTT eqs 1A

= otabepo (2.5)

2.2 "Evraon Zeapikov Kvpdtov ané Xnpewoxn Hymtun nyy.

Me tov 6po oMUEIKN NYNTIKN TNy EVVOOLUE KAOE S1ATOEN LIKPOV O0GTACE®MV G GYECT LE
TO UNKOG KOLOTOG TOV NYNTIKOV KOUATOG OV EKTEUTEL. TETOLEC NMYNTIKES TNYEG Elval TO GTOMO
OV avOPAOTOL TOL OMAEL, OAOL TAL LOVGIKA OPYOVA, TO LEYAPMVA, 1 UNYOVT] TOV CLTOKLVI|TOV
otav ot elval og Agttovpyia K.AT.

2V TEPIMTOON OV 1) GNUELOKT YN TIKY TNy Elvar EAe0BePN GE OLLOYEVT] KOL IGOTPOTIKO YDPO
Ko emti TAEOV v TN givon amaAlaypévn omd avaKAUGTIKES ETIPAVELES, 1| OAMKN YNTIKY 160G Po
OV EKTEUTETOAL OLLGKOPTILETOL OLOWOUOPOA TTPOG OAESG TIC KATELOVVGELS, £T0L DGTE € KAOE
amOGTACT) I A TNV MYNTIKN TNYN, N OAMKN 16Y0¢ Po vo O1EPYETOL OO TV EMUPAVELD COOIPOC
oL €€l aKtiva I. XtV Tepinton avtn, 1 £viacn / Tov GeapKoL KOUOTOS 6TV andcTacn I
Ba divetan amd ™) oyéon:

 Aqrr2

(2.6)

Xmv ewdwn mepintowon Omov M onuelkn MMtk wnyn Ppioketon mlveo o enimedn
OVOKAQOTIKTY EMUPAVELX, OTTMOC Y10l TOPAGELYLOL 1| UMYV TOV OWTOKIVIITOV 1| omoia Bpioketan
TPOKTIKA G€ TOAD UIKPT omdGTAcT TAVE® Omd TO OPOUO 1] aKOUN £va NAEKTPIKO KOVSOUVL TO
omoio etvar oTnprypévo Tavm og €va Tolyo, 6TV amdcTOoT I amd TNV NYNTIKN TNy 1 OAKN
NYNTIKN 16Y0¢ Po mov mopdyetor amd v Ty oiépyetar povo amd to eAe0Bepo MUICEAiplo
axtivog r. Xmmv mepintwon avt 1 £vtact / Tov ceuptkov KORUTOG 6TV amdcTacn I amd TV
myn Ba diveton amd ™ oyéon:

Py
212

(2.7)

2.3 "Evraon Kvparog mwov Hpoépyetar amd I'pappikny Hynrucn Hnyy).



Me tov 0po YPOLUIKY NYNTIKY TNy €vvoovpe KAOe dtdtaén 1 omola eKTelveTal PLOVO GE Lol
dldotaon Kot 1 omoia duvatot va mwopdyst Nyo. Iopadelypata t€toiwv MMTKovV daTaéewv
glvat ot ouppol €vog TPaivov OV KIVOUVTOL KATH PUNKOG TNG GLONPOTPOYLAS, Lot @AAayyo amd
avtokivnTa Ktvouvtot 6€ Eva evBVYPAIO dPOIO 1) AKOUN Kol 1 OVPA TOV CLTOKIVATOV TOV
glval oTapatnpéVA GE £voL GOVAPL TNG TPOYOLNGS.

['a va vroloyicovpe TNV £VIOcT TOL NYNTIKOD KOUATOS TOL TPOEPYETOL OO LUL0L YPOLLLLKY|
NYNTIKN TNYY| TPETEL TPDOTO, VO OPIGOVLE TN YPOUUIKT TUKVOTNTO NYNTIKNG 10YVOS A TNG TTNYNG
avtns. EE opiopod Aowmdv, n YpOUUK TUKVOTNTO Asound Efvon iom pe tv o0 AP mov
EKTEUTETON OO TUM O uMKoLG AL T mymTikng TyNs. ZUYKEKPIUEVAL:

AP
Asounda = E (2'8)

2V mePInT®Oo™ KvoOUEVOL Tpaivov, To AP glval n Ntk 16(0G TOL TAPAYETOL ATO £Vl
Bayovt kot AL givar To pikog tov Bayoviov. e pa amdctaon F amd o Paydvy, n oydg AP Oa
dwmepvl TPOKTIKE TV empdvela ASy evog nukdAvopov mov €xel unkog AL ko axtiva r. H
empaveln AAr gtvon ion pe AAr=nrAL:

Ondte, N £VTOOT TOL KOUOTOG TOV TPOEPYETOL AUTO T GLUYKEKPIUEVT] YPOLLLLIKT) YN TIKN TNYN GE
amoctoomn I amd avt Oa diveton amd ™ oxéon:

AP 1 AP Asound
I = =— — = I = 2.9
AA, nr AL r (29)

3. XYNOETH ANTIETAXH KYMATOZX (Wave Impedance)

Mo omovdaio moapduetpog n onoia yapoktnpilel to péco dadoong evog Kvpatog givor 1
ouvhetn avtiotaon. H ovvBetn avrtictaon Z e€aptdror amokAelotikd kot poévo oamd Tig
EMICTIKEG KOl TIG AOPOVELNKES WOLOTNTES TOL HEGOL JAO0CNG KOl G €K TOVTOL givat 1010t TOL
TOL HEGOL O1dd00mMG Kot Oyt Tov kvpatoc. EE opiopov, n ouvhetn avtictaon Z sivon ion pe to
HETPO TOL TMAlKoL TG dUVaUNG emovapopds Fd 818 ™G otrypaiog ToydTNTAS Vd TOAAVTOGONG
TOV VMKOV oNUEi®V TOL HEGOL 014000MG:

Fy
Z = |— (3.1
Vg

3.1 XovOetrn Avrioctaon Eykdpoiov Mnyovikov Koportog oe Tevropévo
Nipa.

v mepintoon avtr, To pHEGo dtddoong eivor Eva vijua (1 xopdn N OKOWL) UE YPOUUIKN
mokvotnto palog | o omoio tevtmveTon e dvvaun F, ortdte 1o kbpa Oa dradidetan pe toydTn oL

_5 3.2
v= (3.2)



H dvvaun emavagpopdc Fd tov vAikdv onueiov tov vipatog Ba sivar kabetn oty dievbuvon
tov vipatog kot Ba glvan iom pe v dvvaun Fy mov vmoloyiotnke oty mopdypago 1 (Xxéon
1.4):

(Fy - Fg—z (1.4))

Emiong, n otrypaio todtnto vd TOAGVTOGOT TOV VAKOV onueiov Tov vipatog Ba elvar ion pe
TNV Ta0INTO Vy TOV VIOAOYIGTNKE GTNV Tapdypago 1 (Xxéon 1.8):

<vy = ivg—z (1.8))

Omndte, n Zyxéon 3.1, e cuvdvaouo pe Tig Xyéoelg 1.4 ko 1.8, maipvel ™ popen:

dy dy
= E = & = Fﬁ = Fﬁ = Z =£ (3 3)
Vg4 v ady dy v :
T (Fv) 7%

Kévovtag yprion kot g Lyéong 3.2, n ovvlem avtictaon Z upmopel va Adfet kon Tig €ENg
1G0dVVOUEG LOPPEG:

Z = \JuF M Z=puv (3.4)

3.2 Xvvletn Avtictaon Awopnkovg Mnyovikov Kopatoc.

v mepintoon avty, T0 HEGO dAdooNS elvar pia GTHAN a€pa pe TokvoTNTag HALOS p Kot e
ocuvteleot) elootikoOTTog Oykov B. KdBe odSbpnkeg wdpo Oa dwdideton péco o1
GUYKEKPLULEVT] 0EPLOL GTNAN LLE TOYVTNTOL:

v= B (3.5)
= 1 _

H o0vBetn avtictaom tov d1opKovg KOLOTOg TPOKVTTEL O TO GLVIVAGUO TV XxécemV 3.1,
2.3 kan 2.4:

oD
F, BS 55 BA
zZ =2 = = Z=— (3.6)
v aD v
‘ V9%

Kdavovtag ypnon kot g Xyxéong 3.5, 1 odhvBetn avtictaon Z avd povado empavedig Lropet va
AdBet kot T1g €ENG 1000VVOEG LOPPEG:

Z_ B ) = 3.7
1= VP 1 7=PV (3.7)



4, LYMIIEPI®OPA MHXANIKOY KYMATOZX XE OPIO
AXYNEXEIAYX TOY MEXOY AIAAOXHX

4.1 Avaxiaon — Metafaon amo £vo péco ovadoong 6 GAlo.
(Reflection — Transmission).

Me tov 6po onueio 1 EMPAVELD AGVVEYELNG TOL HEGOV O1A000NG VOGS UNYaVIKOD KOUATOG
€VVooUUE KABE Op1o 6T0 01010 TO PEGO d1AO0OM G AALALEL TIG EAUCTIKES KOl TIC AOPAVELOKES TOV
W00 TEC. AlomepvdvTag T0 Oplo aVTO, N TAXVTNTA TOV KOUATOG 0AAAlEL Ty, Avtd mov Oa
amodeiEovpe oV TOPdypoPo vt ivorl 0Tt o€ KAOE oNUEID 1] ETLPAVELD AGVVEYELNG TOV LEGOV
d1adoomg evog unyavikoh KOUOTOG, TO KOUA auTd €V HEPEL OvoKAATOL Kot eV pépet petafoaivel
amd 1o €va LEGO 6TO GAA0. AVAAVTIKOTEPO KAAOVLOGTE VO TPOGOIOPIGOVUE TIG TOPOUUETPOVG
OV TEPLYPAPOVY TO KOLO TOL OVOKAATOL KO TO KOO TTOL SLOEPVE TO OPLO OIGVVEYELNG KOl
petafaivel 6to GAAO PHEGO O1AO00TG.

F 151 x=0 M2 <1 F
(o) - : >
D T1 T>T1 p
B i
— V1 i
D(x,t) '
(v) A
i — 1)) X
. V1 <t—— Al
X
: —- ) )
@ AL
' X
>XHMA 4.1

Y10 Zynua 4.1 avorapiotovpe ) diddoon evog kupatikod moipov D(X,t)=f(X — ot) péoa oe éva
péco 1o omoio mapovstalel acvveyela ot 0éon x=0. To péco avtd umopei va amotereitot amod
OVO SLOPOPETIKA VILLOTA [LE YPOUUIKES TUKVOTNTEG LACOS 1 KOt [z To oTola £ival 6E oE1pdl Ko
T omoia Tevtavovtal pe dvovoun F (Eymua 4.1a) 1 0o propodce akdun vo amotedeito amd 6vo
LB OY KA TUM LT OTHOGPALPIKOD 0€pa. e dtapopeTikég Oeprokpacieg 71 ko 72 (Zynpa 4.1p).

To Zynua 4.1y anewcovilet éva apywkd (initial) xopotikd oo va dradidetar 6to péco 1 mpog
™ BeTikn katelBvvon Tov AEova X e ToOTNTA L1 Kot TEPLYPAPETAL UE TNV KVUOTOGVUVAPTNON:
D; = fi(x —vyt) (4.1)

To Zynuoa 4.10 aneikoviletl £va GTIYHOTLTO TOV KLUOTIKOD TOALOD GTNV TTEPLOYN YOP® Amd TN
0éon Xx=0 otv omoia PpickeTon 1 acLVEXELD TOV HEGOV SLAOOCTC.



To Zynua 4.1¢ aneucovilel £vo KOPOTIKO TAAUO TOV OVOKAATOL GTO OPLO OIGVLVEYELNG KOOMG Kol
£va Kootk oo mov damepvd to 0pto owtd. O avakiduevog (reflected) kopaticdg maipog
EMOTPEPEL 6TO PECO 1, dadideTon TPOg TNV aPVNTIKY KATELOLVVGN TOL GEOVa X [e TOOTNTO L1
KO TEPLYPAPETAL LE TNV KVUATOGVVAPTNON:

D, = f.(x + v;t) (4.2)

O kvpatikd TaApd mov dwamepvd (transmitted) to 6plo aocvvéyelog petoPaivel oto uéco 2,
dwdideTan Tpog TV BeTikn KatevBuvon Tov dEova X e ToLTNTO V2 Kol TEPLYPAPETL LUE TNV
KOHOTOGVVAPTNON:

D, = fi(x — v,t) (4.3)

‘Exyovtag ¢ dedopévo to yeyovdg ot otnv Khoaown Pduvoikny 6Aeg o1 mopdpetpor mov
TEPLYPAPOVY EVO PAVOUEVO €EEAICGOVTOL GTO YMPO KOl GTO YPOVO KATA GLUVEXN TPOTO, M
Kopatoovvaptnon D(X,t), mov meptypdpel Tov Kopatikd maApd akpimg oto 6plo X=0 6mov
Bpioketon M acvvéxeln tov PEGOL O14000MG, TPEMEL v €lvol GuVEYNG. XTo. HoOMUaTIKE, M
cLVERELN (oG cuvaptnong ot Béon X=0 eprypdpetan e TG €£NG dvo oyéoels:

D(x =—-0,t) =D(x = +0,t)
aD(x,t)|  _ aD(x,t) (4.4)

Ox x=-0 ox x=+0

O ovpPoropog X= — 0 onuaiver Xx=0 péoa oto péco ddooong 1. Xt Béon avt cuvurdpyovv
0 OPYIKOG KO O AVAUKADUEVOS KUUOTIKOG TOALOC, OTTOTE 1) GTIY 00 LETATOTIOT TOV KUUOTIKOV
noAov otn Béon avtn Oa givar ion pe o dOpotoua TV otyaiov petatonicewv Di(X,t) kot
Dr(X,t) Tov apytkod TaALOD Kot TOL AVOKADUEVOL TaAOD, avTicToLya:

D(x = —0,t) = D,(0,t) + D,(0,t)

oD (x, t) aD;(x, t) aD, (x,t) (4.5)
7 =77 +—""
0x x=-0 ox x=0 ox x=0

O ocvpporiopog X= + 0 onuaivel Xx=0 péoa oto péco dradoong 2. Xtn BEon avt) vdpyet pévo
0 KUHOTIKOG TOAUOS TTOV OOEPVA TO OPLO OGVVEYEWG, OMOTE 1| OTIYUINi0 LETOTOMION TOV
KOpaTIKoO Takpob otn BEon avt Oa eivar ion pe ™ otrypaio petatdmion Di(X,t) Tov makpod
7OV J1001dETOL 6TO HEGO d1ddoong 2. OmoTe:

D(x =+0,t) = D.(0,¢t)

aD(x, t) _AD(x, ) (4.6)

ox x=+0 ox x=0

2oppova pe Tig Xyéoelg 4.4, ta mpdTU PLEAN TOV avTioToy®V e£lo®oemV oTIg Xxéoels 4.5 kot
4.6 givon ioa, omoTe, 0ol AdPovpe vToyN pog ko ™ Xxéon 2.4, Ba Eyovpe:

D;(0,t) + D,.(0,t) = D.(0,t)

dD;(x,t) +6Dr(x,t) _ 9D (x,1) =
ax x=0 ax x=0 ax x=0



D;(0,t) + D,.(0,t) = D.(0,¢t)

19D;(0,t) 10D.(0,t)  18D.(0,t) =
_ 4+ — - ___ 77
v, Ot v; Ot v, Ot
D;(0,t) + D-(0,t) = D.(0,t) D; + D, = D,
4.7
0 (D:(0,6) - D, (0, ) = 29200 = p—p,=Yp 0
s TS Ty, ot AT

Av givar yvoot 1 Tipn g ottypaiog petotomiong Di Tov kopaticod Taipov, To cheTnHe TV
ovo elowcemv TV Zyéoewv 4.7 mpoodopilel Tic otrypaieg petatonicelg Dr kot Dy tov
OVOKAMUEVOL KLUOTIKOD TOAUOD KOl TOV TOAUOD 7OV OOMEPVA TO OPlO OGVVEXELNS KO
OudideTon 610 PEGO 2: ZVYKEKPLUEVOL:

v, — U 2v
2_1p,  xa D, =———D (4.8)
Uq + Uy

v + U,

r

AT T1g Xyéoeig 4.8 mpokvmTouy Kat 01 GVVTEAESTEG peTdPaong t (domepatdTnTa ) transmission
coefficient) xou avaxkiaong r (avokiaotikotnto 1 reflection coefficient) oto 6po g
OLGLVEYELOG:

D, v,—u; D, 2v,
r=—= Kat t=—=
Di Uq + Uo Di Uq + Uop

(4.9)

2NV TEPINTOOT OV TO KOUA £IVOL NLULTOVOELDEG, YPNCLOTOLOVUE TNV KVULOTIKY GXECN:

oTOTE 01 LY£0€1C 4.9 Hmopovv va ypopovv Kot Le TG €ENMG LOPPEG:

MvarcdaoTucdmra: ¥ = 22— 4.10
vakAaotikotnta: r = Lt (4.10a)
ki— ks
= 4.1
Ttk (4.105)
A sora: ¢ = — 411
larepatotnra: t = PR (4.11a)
L 4.11
ket ky (4.115)

Téhog, amo T1g Xyxéoelg 4.9 TPokLMTEL EDKOAN KOl 1 TOPAKAT® oYEon HETAED GLVIEAEGTAOV
OVOKAQCTIKOTNTO KO OLOTEPATOTNTAG:

t=r+1 (4.12)



4.2 AvOKAOGTIKOTNTO — AOTEPATOTNTO XMUEIOV AGUVEXELNG GE
Tevropévo Nijpo.

To péco d1ddoong amoteAeitar amd SLVO VIUOTO TO OTTOT0L EYOVV YPOUUUIKOVG GUVTEAEGTEG LAlag
L1 Ko [, lvan depéva o€ GEPE Ko TeEVTdvovTa pe dvvaun F. v nepintwon avty|, ot Zy£celg
4.9 og ovvdvacuod pe Tig Zyéoelg 3.2 ko 3.4 divouv:

AvaklaotikdétnTa: r =

Aamepatotnta: t =

t

Ju F + Ju,F Zy+ 2,

Vi~ Vi

rz—“ulF_ VHF 1 TZZI_ZZ
Vi F + Ju,F Zy+ 7,

W (4.14a)

Vi Vi

yNITNa , 27,

(4.13B)

(4.14p)

4.3 Awepeivinon tov Xyécemv 4.13 ko 4.14

epintoon pi>po2:

ITepintoon pi<pz:

Metdafaon and Bapd oe ehappd viua. Tote Z1>Z, (PAéne Tyfuo 4.1a).
Ao Tig yéoeig 4.13 kan 4.14 mpoxvmtet 6t t>0 ko r>0. Avtd onpaivet
OTL 0 KLUATIKOG TOAUOG TOL OVOKAATOL KO O KUUOTIKOG TOAROS OV
dwmepvd to Opro acvvéyewg Ba Exovv v 0 Ao pe TOV apyKd
KOUOTIKO TOAUO.

Metafaon amd eraepv g Popd viuna. Tote Z1<Zz. Ao 1ig Zyéoeig 4.13
kot 4.14 mpoxvmtel 6Tt >0 kou r<0. Avtd onuaivel 0Tt 0 KLUATIKOG
TaApOg mov avokAdtor Bo elvor avieotpoppévog, Bo €xet OmAaodM
drapopd eaong m=3,14 rad ce oyéon pHe TOV APYIKO KLUATIKO TOAUO.
Avtifeto, 0 KOPOTIKOG TOALOS OV dtamEPVE TO OPLO AGLVEXELNS Ba £xel
v 01 eaon pe tov apykd Kopatikd taAud (PAéne Zynua 4.2).

Znueio
151 Aovvéyeiag H2 > 1 =

D (x,t)

/\_>Dl

N

I
2nueio X
V1 @ Aovvéyeiog

XXHMA 4.2



Iepintoon po—>oo:

To vipa pe ypappikn TokvoTnTa p1 €ivor 0gpévo o€ atafepd akAdvnto
onueio (toiyoc). Tote Zr—0 1 1l60dvvVau ;—: — 0. An6 ™) Xyéon 4.14P
Taipvoue:

Zy

Zy—12Z, 17,

= = = r=-1
Zy+2Z, Zi,4
Z;

r

Kot a6 mn Zyéon 4.12 maipvoope ot t = 0.

Xmv mepintoon avt, O KLHOTIKOC TOAROC dev dtamepvd 0 Oplo
OAOLVEYEWS Kol LOIoTATOL TEAEW OVAKAOGY UE TOV OVOUKADUEVO
KOMOTIKO TOAWO Vo €)el d1apopa @dong m=3,14 rad (avieotpapuévoc) o€
oxéon e TOV apyKO KOPaTiKO ToApnd (BAéne Zynua 4.3).

2nueio
Aovvéyeiag

D (x,t)

1
H2 —>o0
iy
/\_> )

Iepintoon p2—0:

] X
2nueio
V1 < Aovvéyeiog

YXHMA 4.3

2V wepintoon autn 0gv VILApYEL deHTEPO VIO KoL TO OELO GKPO TOL

. , ; . . Zq , , Zy
TPOTOL VIUATOG etvan elevBepo. Tote P 1codvVaLoL - 0.
2 1

Ao ) Xyéon 4.13B maipvovpe:
2z 2
I+ Z, 4 ,%p

1+%

t = t=2

Kot amtd ) Zyéon 4.12 maipvoope: 7 =1

Eneidn r = 1, 0 kopotikodg madpog veiotatot TEAelo ovikAaon 6to de€1d
erevbepo akpo Tov viuotog kot enewdn >0 o avoakAduevog TaApd o
Exet v 1O eaon pe Tov apykd Kopotkd moApno (BAEme Zynuo 4.4).
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4.4 AvoxklooTikoTnTo — Alomepatotnto Opiov Acvvéyelog o Méco
Awaooong Enineoov Aropnkovg Kvpartoc,.
To péco 614600M¢ €ivarl dVO JLABOYIKEG TEPLOYES TOV ATUOCPULPIKOG AEPAG UE OLOPOPETIKES
Oeppoxpaocieg T1 ko T2, 0nmg Yo mapdderypa cvpPaivel oe po tapabordocia meproyr. Tig
KOAOKOPIVES VOYTEPIVES peG M Bepuokpacio tov aépa T1 mov givar mave amd ™ BdAacca
etvan pkpotepn omd 1t Beppoxpoacic T2 Tov aépa mov elvon mhve ond v Enpd. Xy
TEPIMTOON OWTY| Kot Yol VOl EMITESO O1duNKeES KO TOV O10dideTon amd Tov aépa TG BGAaccag
TPOGS TOV aépa TG ENPAS (N ko avtiBeta), ot Lyéoelg 4.9 o€ GLVOLAGO [LE TN GYEON:

_|YRT
VS M

7OV OIVEL TNV TOYVLTNTO TOL JLOUKOVG KOUOTOG GLVOPTNGEL TG Beppokpaciag, divouv Telkd:

AvaklaotikotnTa: r = (4.15)

\/Tl-l_ T,

2T,
VT +T,

AwamepatdmyTa: t = (4.16)

4.5 AvoxkiootikoOTnTo — Aemegpatotnro Opiov Acvvéyerog Mésov
Awadoon ko Ioyvg Appovikov Kopatoc.
To Eyfua 4.5 deiyvel éva Tevtopévo vijua 1o omoio tvar TapdAAnio pe tov dEova X Kot 6T0

omoio vrapyel onueio acvvéyelng mov dwywpilel T0 VIO 0 VO TEPLOYEG LE YPOUUIKES
TOKVOTNTEG LALOG 1 Ko o.



2nueio
F 151 Aavvéxelag p2 < p1 F

y; = A;sin(kyx — wt)

SN
\VAAVARV

AT f/\ /\ /\

¥y = A,sin(k,x + wt)

Zn,uezo Ve = tsm(kzx — wt)
Aovvéyerag

XXHMA 4.5

Bewpovpe £YKAPSLO UNYOVIKO 0pprovikd KOpo To omoio dtadidetor tpog ) BeTikn| katehBuvon
+X KOTG PNKOG TOV VIILATOS TTOV £YEL YPOUULKT] TUKVOTNTO L1 KOl TO OTTOT0 TEPLYPAPETOL [LE TNV
eElomon xopatog:

y; = A; sin(kyx — wt) (4.17)

6mov o givor 1 yoviakr cuyvotnta Kot Ki =@/v1 givar o kopataptfudg tov kopatog Xto onueio
OCLVEYELOS TOV VILOTOG, TO KOO €V HEPEL OVOKAATOL Ko €V HEPEL dlamePVE TO GNUEID OVTO.
Av Ar kot At gfvat To TAGTN TOL KOPOTOG TOV OVOKAGTOL GTO OPLO OIGLVEYELNG Kol EMGTPEPEL
GTO VIUO UE YPOUUIKT] TUKVOTNTO L1 KOL TOL KOUOTOS TOL OLOEPVA TO OPLO ALOVVEXELOS KO
O10010€TOL GTO VILLOL LLE YPOULUIKT TTUKVOTNTOA L2, OVTIGTOLYO, TOTE 01 EEIGMCELS KOLOTOS TV OLO
avTOV Kopdtov Oa sivat:

Yy = A, sin(k,x + wt) (4.18)
v = A; sin(k,x — wt) (4.19)

H péon 16y0¢ Piavg, Pravg kot Pavg Tov k60€ £vOg amd ta Tpiot KOHOTO TOL TEPTYPAPOVTOL LIE TIG
Yyéoeg4.17,4.18 kan 4.19 Ba givon avtictoryo:

1 222 1 2 A2
Pi,avg = E.ulvlw A; Pr,avg =5 V1w Ay Pt,avg =

> S U Af

2

Onote, o1 cuvteLeoTég avaklaoTikdtnTog R kot dtamepatdtntog T 1oydog Ba divovrar amd Tig
GYE0ELG:

1 222 2
, , Prapg 7HIV107AT A,
Avaklaotikotnta loyVog: R = = = R = (—)

; 1
Lavg §H1U1w2Ai2

Kot and v mpotn tov Zyécewv 4.9 naipvovpe:



R = (UZ _ Ul)z (4.20)

U + v,
1 242 2 2
: , Pravg _ ZH2V2® At UV A7 UaV;p (Ag
Awartepatotnta loyvog: T = =1 = T = > = <_>
Pi,avg 2‘ulvleAiZ :ullei H1U1 Ai

S

Ao ™ Zyéon 3.2 mpokvTTEL OTL ,u_z = 0z Omnodrte, av Aapoope
1 2

VITOYT poG Kot T dgvTepN and Tig Xyéoels 4.9, ) dtoumepatdHTNTA

oyvog T Ba elvar iom pe:

pota Aot m )t
U1U1 \A4; Uz \U; + U,
_ 4v,v,
~ (Ug +vy)2

(4.21)

Qg gpyocia ywo T0 omiti:

() No exppdoete Tic mapapétpous R kot T cvuvapthost:
(0l) Tov unkdv KOUOTOG A1 KOL A2 TOV OVOKADUEVODL OPHOVIKOD KVUOTOG KOl TOV
APUOVIKOD KOLOTOC TTOV SATEPVA TO OPLO OGVVEYELNG.
(02) Tov xopotopOudv ki kot k2 tov avakidpevov appovikod KOUOTOG Kot TOV
OPLOVIKOD KOLOTOG TTOV SLOTEPVA TO OPLO ALGVLVEYELOG.
(03) Tov ypopkdv TUKVOTHTOV HAL0S 1 Kot 2 T®V OV0 VIUATOV.
(04) Tov cvvletov aviiotdoemv Z1 Kot Z2 TOV ApLOVIKOV KUHATOV 1oL dtadidovTol oTo
VILLOTOL LLE YPOULUIKEG TUKVOTNTES L1 KO L2, AVTIGTOLYCL.
(B) No amodeiete 01: R+ T=1
(Y) Na amodeifete 0t Pravg + Pravg = Piavg



