KYMATIKH

l. Mnyxavika Kupara
PDaocikn, Opadikn Taxurnra,
AilaocTropa

» JUHUBOAN KupATwv PE Alyo SLodbOpPETLKEC CUXVOTNTEC —
Slapopdwon MAATOUC

» O €vvolec TNC GOOLKAC KOl OROOLKN G TOXUTNTOG

» Awadoon mAnpodoplac



ToyutTnTa Tou 00€VOVTOC APUOVIKOU KUATOC = Taxutnta ¢aong

Eldape OtL KaBwc SladldeTal Eva LOoVOSLAOTATO APRLOVLKO KULLOL TTOU TIEPLYPAPETOL QTTO TN OXECN
y(x,t) = Asin(wt — kx + ¢, ), ta Stadopa (VALkA) onueia oto péco dtadoong (eSw ot TEVIWHEVN
Xxopdn) €xouv yevika Stadopetikn daon ¢ (x,t) = wt — kx + ¢,, mov e€aptatal amno tn Bon Tou
UALKOU onuEeiou Kall To Xpovo.

Ac Bewprioou e OTL To KUA (MPAcLVN YPOAULA: TO OTLYULOTUTIO TOU KUUOTOC TN XPOVLKN OTLyuN t)
Stadidetal oto peEoo (otn xopdn) yia xpovo At (mopTtokaAld ypaun: TO CTIYULOTUTIO TOU KUMOTOC Th
XPOVLKN oTyun t + At). Ac Bewprjoouvpe tnv kopudn A otn tpdowvn KaUmUuAn. To TANCLECTEPO ONLLELO
He tnv 6la akplpwg daon, 6nA. pue Ap = 0, otnv moptokaAld ypapun (6nA. To oTLYULOTUTIO TN XPOVLKH
oTwyun t + At) améxel katd Ax amnod to A.

_ _ _ _ Ap(x,t) _ , BAx
Acp—OjAgo—kAx wAt = 0= p ;kM w =
S L Y R N A
OAt—>0kdt w_O:U_dt_k_ZT”_T

Qaowkn taxutnta v, = w/k

Elval otnv oucia n taxvutnta e tnv omoia dtadidetal Eva
«LOVOXPWHATLKO» KUHa (6NnA. pia ouyvotnta, Evol KOG
KULLOLTOC) OTO METO.




H daoikni taxvtnta avodEPETOL OTO APLIOVIKO KU, TIou eival BEPata pia padnuoatikn ovrotnta. To
OPUOVLKO KU EXEL ATTELPT XPOVLKN OLAPKELO KOl ATIELPN XWPELKN £KTOOT, KoL OeV HETADEPEL KATIOLAL
nAnpodopia (mepa amo tn ocuxvotnTa Tou)

IR ] 2e=e

| U | | 3 Tetoleg Statapayxeg dev umapyouv otn duon!

OL TTPAYHATLIKEG SLATAPAYEC EXOUV TIETIEPOACEVH XPOVLKN OLAPKELO KOL TIETIEPOLOEVT XWPLKN
ektaon. Etval pn meplodikec!

AKOUN Kol SLaToPOXEC OOV QUTEC TOU SUTAavoU OXNUATOC
/‘\/\v/\v/ﬁ\/ /\/W\/ (memepaopEVeG), TTou poLdlouv va eivoal TIEPLOOLKEC EVTOC TWV

Staotnuatwy Ax kot At, elvol ameplodIKeg, dev eival appoviKA
KOpOTaL.

At AX



ErtaAAnAla SU0 apoVIKWY KUHATWYV HE (oo TTAATN Kal SLadOPETLKEC OUXVOTNTEC =2
Stapopdwon mMAatouc—> mAnpodopla
Eotw ta Suo appovika kupata rtov dtadidbovtal o piot Tevtwpevn xopdn, HeE WOla daotki tayxvTnTta v =

F/,
y1(x, t) = Asin(w,t — kyx)
yo(x,t) = Asin(w,t — kyx) , pe w1 = wy + Aw Kol w, = wy — Aw Kal
avtiotoxa ky = kg + Ak kot k= ky — Ak (pe Aw kat Ak <<)
Apxn teg unépBeoneg: y(x,t) = y(x, t) + yo(x, t) = Alsin(w,t — k1x) + sin(w,t — k,x)]| =
A{sin[(wo+Aw)t — (kog+Ak)x] + sin[(we—Aw)t — (kO—Ak)x]}(:*3

y(x,t) =
2Asin ({Lorhe)t=Co o do)t— (koA o (Losrholt- (ko B10)x] |

y(x,t) = 24sin(wyt — kox) COS @)t — (@)
(*) sina + sinb = Zsm( er )cos ( )\.

2

[((wo~Aw)t—(kg—Ak)x] ) .
2

MLkpr) cuxvotnta = peyain neplodog, pikpo Ak—> peyaio A



ErtoAANAla SU0 apHOVIKWY KUUATWY e oo TAATN Kol SLaPOPETIKEC OUXVOTNTEC =2

Stapopdwon mAdtouc—> mAnpodopla

Aw .
Ak Ak—0

sin(wgt — kgx)
X
V\WWH\APVDV_ Envelope — nepiBAnpa 2Acos|(Aw)t — (Ak)x]

-2 Awopopdwon MAATOUC

dw
dk

phase velocity

H nepBaiovoa eivat kat avtr) kupa mou dtadidetal
X mpoc ta Sefld (oto mapddelypd poc) pe toxvtnta Stddoonc

Tayxvutnto opadac
group velocity



...TLBa ylvel av mpooBeooupe Kal AAAQ APLLOVIKO KU LATA.......

‘Eotm 011, 0koAovO®VTOC TO TPO1NYOVUEVO TOPAOELY LD, GLVEYILOVUE VO
npocOETovue apuovikd kopata pe kopotapiOpove £2AKk, +3Ak kin.

210 TopaKATe otypaupate N gtval 0 apltiuog Tov apUovIKOV KUUATOV TOV
TPOoGOET® 6TO aPyIKO OPLOVIKO KOua (w,, K,)
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AvaAuon Fourier

Oa pabete apyotepa OTL OTIOLOONTIOTE TIPAYUATIKA cuvaptnon (eite mepLlodikn ite
OxL) umopel va mpokU P eL amo tnv emaAAnAio BewpnTIKA ATIELPWV APUOVIKWV
OUVOPTINOEWV.

[t KABE OPUOVLKI) CUVIOTWOO TOU peTaoxnuatiopoU Fourier Tng cuvaptnong, Omwe
AEYETAL, LTTOPOUUE VO BpOUE TN oUXVOTNTA, TO TTAATOC KAl tn daon tnc.

KaBe cuvaptnon €xet tn Owkn TNC EEXwPLOTA OVAAUCN OE APOVLKEC OUVIOTWOEC.

KataAafaivoupe Aoutov yati N €EL6aVIKEVLEVN AVAAUGCH TTIOU KAVOLLE YLOL OLPLLOVLIKAL
KUMOTOL €LvVOL XpAOLUN VLol TN LEAETN TIPOYLLATIKWY KU LLOTIKWY POLVOUEVWV.



Amplitude
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H povpn dtatapayn MPOoKUTTEL ATO TNV EMAAANALA TWV
TPLWV EVXPWHWV dLlaTapaywV, TIou £XouV Loa TIAATN,
aAAA OLOPOPETIKEC OCUXVOTNTEC



TETPOYWVLKOC TTAAUOC 1zl




E@apuoyn g avaivong Zepmnv Fourier 6° éva, 1etpaymvikd moAud.

F(x)=C+ Ym-1 A, cos(mx) + X0 _1 B,,sin(mx), (X og
rad)

€ =7 7 f(Odx (uéon pn)

A, =% Jf(x)cos(mx)dx

ML
\_‘; /
T | \.\» | 4
) | /
Bm — ff(X)Sln(”mx)dx ] z\\- - of - -
gt \‘_/ "‘

Edv X o€ meters avilkabLoToU e OTLC AVWTEPW OXECELC TO X
ue mx/L (yia Xx=2L Oa eyer kivnbei 2 rad) omou X oe M, kau
oAokAnpavooue ord —L éwg L



O1 GuvapTHoEIC cuVNLiTOVOL (COS) dev
GUVEIGPEPOLY GTNV ONULOLPYIN TOVL TETPAYMOVIKOV
maAuov o6mm¢ kot kauio dptio (F(X)=f(-x))
GLVAPTNON

O1 cuvaptioelc nuitovov (SIN) yio TEPITTES TIUEC
tov M (=1, 3, 5,...) GLVELGPEPOVY GTNV
ONULOVPYI TOV TETPAYDVIKOD TOALOD KAODC M
ocvvaptnon nog sivon weprrtn (f(x)=-f(-x)).

C=0
Ei3
1
L
o
By = %f_LLf(x)Sin(mnx/L)dx, yiaam=/ 3 5,...
a L . mmx a 2L . mmx . _4_a
Bm:ffo sm(T)dx—sz sm(T)dx_..._mn
( 0)_4a ) (nx)_l_l . (3mx +1 . [(5Smx N
y{X, = sin I 3Sm I 5sm ; ,
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>YNEIIQX ii\'\"/ ) \\‘\Q\
TO GEQPHMA FOURIER .
AINEI TH AYNATOTHTA NA MEAETHOOYN
[TPATMATIKEZ T TEPIOAIKE2Z ATATAPAXEX
ME2Q TH> MEAETH2 TQN
MAO®HMATIKQN ONTOTHTOQN-APMONIKOQN ATATAPAXQN.
H APMONIKH AIATAPAXH

EINAI ENA AIAAKTIKO EPT'AAEIO!
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O METC[O)‘(I]}JC[TIOPC')CJ FOURIER opawg

AINEI TH AYNATOTHTA NA MEAETH®OYN
[IPATMATIKEXZ ATTEPIOAIKEZ ATATAPAXEX
ME2Q TH2Z MEAETH2 TQN

MAOHMATIKQN ONTOTHTQN-APMONIKQN ATATAPAXCQN.

F(w) = f (t) exp(—lwt)dt

L (e
Vo T
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Movadikog maijpog dtapkelag T



» KaBe appoVLIKH) CUVLOTWOO ULOC CUVAPTNONCG TTIOU TIEPLYPADEL pLa Stotapaxn, EXEL TN
Ok NS dpaoLkn TaxuTnTa.

»H Slatapoyn mPoKUTTEL oo TNV EMAAANALY OAWV TWV OPUOVIKWY CUVIOTWOWV

»Av n daowkn toyvTnTa eivol n Lo yiol OAEC TLIC CUYVOTNTEC, TOTE OAQ TOL OPOVLKA
kKOpata Stadidovtal pe TNV idla paotk TaxUTNTA KOL TO «OYNLLO» TNE OLATOPOYNC
ropopeveL ovallolwTo Katd tn Stddoon Tov oto HEoO (TapapeveL avaAloiwtn Kol n
nAnpodopia nou petadEPEL)

1.5

Autn n dlatapaxn MPOKUTITEL
[\ aro tnv emaAAnAia 100

0.5|H

OPUOVIKWV KUHATWV

SLaPOPETIKWY CUXVOTATWY,
riou Stadidovral pe tnv dla
~0 TaxuTnTa




..avAntec iblac duvauikotntac....

....n opada dev noapapopPwvetal...

Olatapayrg oe Tevimopevn xopor). OAeg ot

appovu<ég OLVIOTWOES éxouv mv 101a
' ' [0))
K V.=—==./F =
(PAOIKI) TAXOTTA Vg = /1

/ AvTO ovpPatvel Katda T 01000 piag

a)=vq)k

~ v



»Av, opwce, n paocik taxvtnta AEN eivat n idta yra OAEC TIC CUXVOTNTEC, TOTE
KaBwc SLadldeTal To KOO TO «OXNHa» TNC dtatapaxnc mapapopPwveTaL Kol 0TO
TENOC Yavetal... (pall kot n mAnpodopia mouv petadEpel)

» AuTO elval to Aeyopevo patvopevo tne dlaomopac i Tou dlookedaopou

w=w(k)

1.57¢

0.3[H




...0.¢C davtaotou e pia opado aBAnTwv oAU SLapopETKWVY
eTILOOOEWV...
Kata tnv ekkivnon amoteAouv pia opada.

1 1“1 1 |
1 1 % | !

....ll€ TN apodo tou xpovou n opada dStaAveTad...




daowkn toxvTnTa Y oo

Wo
U, = —
D
ko
H daokn taxutnta e€aptatal
QUTIO TLG KEVTPLKEG TLUEG Wy, kg

H ®AYTKH TAXYTHTA
EEAPTATAI
ATIO TIZ KENTPIKEZ TIMEX

— -

H KAIXH
/ THX BOHOHTIKHX TPTAMMHX

N
e

0

k

0

AINEI TH
DAXIKH TAXYTHTA

Tayvtnta opadac

dw(k

H daolkni taxvutnta e€aptatol
Ao 10 MWE LETABAAAETAL TO W
ue ok (yia k = kg

H TAXYTHTA OMAAOX

@ AEN EEAPTATAI

TIMEZ

ATIOKAEIXTIKAAITO TI2Z KENTPIKEX

H KAIXH

- ) di THX E©@ATITOMENHX
yd : de(k)
dk ),
AINEI THN
TAXYTHTA OMAAOZX
k




>xeon dtaomopac (A dStaokedaopov) w = w(k)

dw(k)

> Up: 0 ! ( )ko

Otav v, = v, 6£v exoupe dloomopa. Auto cupBaivel ota KUpoTa

riov dtadidovtal otn Teviwpevn xopdn, omou eidape OtL

w =+/"/uk, onéte v, = % = ¥/u xau vy= dw(k) = \/%/u, 80\ vy =

» Otav U, > U, AEUE OTL EXOUUE OLOAD 6L0L0|<£60L0uo

» otav U, < U, AEUE OTL EXOUUE QVWUAAO OLAOKESOOUO

Ug



o=ak U, =0, =CONSst

Do > Uy

L, = const

/

k

—

H ® EEAPTATAI MH IPAMMIKA AITO TON k




Ug > Uph

U = dw/dk

Avwpohoc
OLaoKEOUOOC

<——1 Ug = Uph

Alywce
draomopd

Opahoc
dlaokedaopoC
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NepiAnyn

» H daoikn toyvtnta eivol HoBnpotiky oviotnTa Kol avodEPETAL OTO APUOVLKA
kOpata (Ttou elvat emiong padnuatikeg ovtotntec). Elval n taxvutnta Kivnong
vontwyv onpelwv (yia povodiaotata kupata) iblag paonc.

To apuoVvIKO KU Sev petadidel mAnpodopia (EKTOC amo ekelvn TNG UTIAPENC TOU).

» H tayvtnta opadac eivol Guoiki ovioTnNTo OV aAvaPEPETOL OE TIPOYULOTLKEC
Sdtatapayxec. Eival n tayxvutnta pe tnv omoia dtadidetal n evepyeLla Tou KUUOTOC.
Elvail n tayutnta pe tnv omoia dtadidetal n mAnpodopia.



Seismic Waves

(a) Undisturbed material
Compression Compression Compression

Undisturbed

Expansion

Expansion
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(e) Love wave
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Fig. 7. Seismogram of the earthquake in northern Greece on May 23, 1978, (magnitude M=5.7, focal depth
h=9 km), made at Uppsala, Sweden, at an epicentral distance of 2160 km. The trace has been made on a
long-period Press-Ewing seismograph (see Chapter 6) and shows the vertical motion of the ground. Time
advances from left to right and there is 1 minute between successive time marks (small upward offsets).

Mnyn: O. Kulhdnek, Anatomy of seismograms, Elsevier, 1990



	Slide 1: KYMATIKH I. Mηχανικά κύματα Φασική, Ομαδική Ταχύτητα, Διασπορά
	Slide 2: Ταχύτητα του οδεύοντος αρμονικού κύματος = Ταχύτητα φάσης
	Slide 3
	Slide 4: Επαλληλία δύο αρμονικών κυμάτων με ίσα πλάτη και διαφορετικές συχνότητες  διαμόρφωση πλάτους πληροφορία
	Slide 5: Επαλληλία δύο αρμονικών κυμάτων με ίσα πλάτη και διαφορετικές συχνότητες  διαμόρφωση πλάτους πληροφορία
	Slide 6: …τι θα γίνει αν προσθέσουμε και άλλα αρμονικά κύματα…….
	Slide 7
	Slide 8
	Slide 9
	Slide 10: Ανάλυση Fourier
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31

