[eplodikn Kivnon

H mepiodikn kivnon eival n Kivnon mou eKTeAEl £va CWHA OTAV EMOTPEPEL AVA TAKTA XPOVIKA
élaompam O€ Hla OUYKEKPLUEVN BEo.

»2Ta PNXavika cuctnpata, otav n duvaun Tou acKEital o £va cwpa eivat avaioyn tng B€ong tou
OWHATOC WC TPOC TN B£0N WooppoTTiag Tou, mapatnpeital pia 10Kn Hopen mePLodIKAG Kivnonc.

Av n OUvapn autn €xel Kateubuveon mavta mpog tn B€on ooppomiag, Tote n Kivnon ovopalstat
anAn appovikn kivnon.

‘Evag kuBog palag m ivatl cuvOeedEPEVOG OTO AKPO £VOG EAATnpiou
KAl JTTOPEL Kal Kiveital EAeUBepa emavw o€ pia optlovtia em@avela

) . E:‘J | Otav 10 owpa pem'ronl(t‘rm
XWPLG TplBEg. | p— © Sefid ano 'rrgﬂécrq 1opporniag,
. r ’ r ’ ’ ’ ARRAARARRA ] j n opifovTia Svvapn mov aokel
Otav 1o eAatnplo OV €lval OUTE EKTETAMEVO OUTE CUMTIECHEVO, O VWV m| . ;gg:;llploéxawpdﬂpocm
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KUBP(_; Bp'lUKE‘l'(Il' otn B¢on lcopporiag (x = 0). ' ' o
Av €va TETOL0 CUCTNHA ATTOMAKPUVOEL amo tn BEon 1ooppomiag Tou, . F,=0— { Oraviooopa Ppioxerai om
Ba apxioel va taAavtwvetat. @ AN ; 3;%?%&2?;?&??{}? -
O vopog tou Hooke optlet ott F = -kx ! s imberoch

r r I r r I:“ x=0 .
o Fs' glvai n (Suvc;‘lpn Ena\,/a(popa(;, K(ITEUGl'JV(Jn mavia mpog . { Orov i prgrontea
| i 5 3 e

Bsqn loopporiag, GV‘EIBEtn WE TN PETATOMION TOU GWHATOG 1 | .| porag, n opiovia Stvaun

amo th B€on 1Wwoppotiag. ;L'"‘a o dekal 3 Ko by

o k n otaBepa eAatnpiou.
o X N HETATOMmION.



Kivnon cuctnpatog cwHatog-sAatnpiou

»(a): x >0, Ouvaun emavagopdag pe KateuBuvon mpoc Ta
aplotepd.

»(B): x = 0, T0 eAatnplo Oev €ival OUTE EKTETAPEVO OUTE
OUMTILECHEVO, OUvVapn ivatl ion pe 0.

»(Y): x < 0, dUvapn smava@opac MPe Kartsubuvon mpog Tda
oela.

»H O&uUvapun mou meplypdsl o vopog tou Hooke esival n
ouviotapevn duvapn. i
—-kx=ma, - a, =——Xx
m
»H emtaxuvon tou KUBou gival avaAoyn tng HETATOMIONG TOU.

»H katevBuvon tng emrtdaxuvong eivat avtibetn amo tnv
Kateubuvon TNG METATOMONG TOU KUBou amd tn 6fon
LoOpPOTIiac Tou.

»'Eva owpa ekteAsli amAn appovikn kivnon otav n
Emitdxuvon tou &gival avdAoyn tng OG£onc tTou Kai EXEl
katrsvBuvon avrtibsTtn amoé autn TNG MHETATOMIONG amo 1Tn
Oson 1coppomiac.
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F | ‘Otav 10 owpa petaronileral
| e 4 §eE1& am6 TN BéOT 100ppOTIQAC,
T 1 optlovtia Suvapn mov ackei
vV '«""\'&""'iz'?q?'-i-?‘ﬁ?w*“w‘l'-a'?\t ‘i] To EAATIPLO £XEL POPA TIPOG Ta
— i aploTepd.
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x=0
| fs =0 ———4 Otav7toowua Bploketal oty
NTITITTE O¢on wooppomiag Tov, 1 dvva-
LLLLLLLL L 4 un mov aokel To eAatiplo
D " * etvar pndevii.
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— Ortav 1o owpa petatoniletal
— [ aplotepd and T Béon 1oop-
MU — m } poriag, n opt{évria Svvaun

| 7oV aokel To eAatripro Exel
—{x "a gopd mpog ta Sekid.

x t— |

H smitaxvvon dev eival otabepn).
2tn Béon x = A, emitaxuvon-kA/m.

2tn B<on 1ooppormiag, a = 0.
2tn Bgon x = -A, smutaxvvon +kA/m.



2WUATiOo ToU EKTEAEL ATTAN APHOVIKN Klvnon

MovTéAo Tou owpatidiou Tou eKTEAEL amAn apUoVIKA Kivnon

»QewpoUpe OTL N TaAdvTwon Yivetal otov afova X. %

ax| K, o oY t

Emitaxuvon

dtz| m \/
-A -

k
W =— a
m

-@ETOUpE

Mia Auon givai n x(t) = Acos (wt + @).
OTIOTE a = -a’X Ta A, o, ¢ sival otaBepsc.

Mpémel va BpoUpe pia cuvaptnon mou va kavorolel tnv e€icwon.

AnAadn pla cuvdptnon x(t) n omoia Ba £xel dsUTEPN TAPAYWYO Ola PE TNV APXLKN cuvaptnon, aAAd pe
apVvNTIKO MPOONKO Kal TTOAAATTAACIACHEVN HE @

Ol TPIYWVOHETPIKEG CUVAPTNOELG TOU NUITOVOU (Sin€) Kal ToU GUVNHITOVOU (cosine) TANPOUV AUTEC TIG
TPOUTTIOBECELC.



ATAN appovikn Kivnon
x(t) = A cos (awt+¢)

dx k
= —=— A I = A =g A
Vv por wAsin(wt + ¢) Vo =@ p

Ta A, o, ¢ €ival otabepég

A: TAQTOG, N PEYLOTN TIPN TS B€0oNC Tou cwpatidiou £iTe MPOC TN BETIKN Eite
TPOC TNV APVNTIKN KateuBuvon tou afova Xx.

@: KUKAIKI] OUXVOTNTA 1] YWVIAKN CUXvOTNnTd.

k
D= | —
m

¢: otaBepd @aong n apxikn ywvia ¢aong.
(@t + @): @don g Kivnong

T: mepiodog NS Kivnong
f: ouxvotnta @=2xf = T=2z~ [= 2;r

H ouxvotnta kat n mepiodog e€aptwvtal Hovo amd tn paﬂa TOU ompatlélou Kat T
otabepd Tou eAATnpiou.

H cuxvotnta eivat peydAn otav to sAatnplo eivat okAnpd (éxel peydAn otabepd k)
Kal pewwvetat 6co auavetal n pala tou cwpatidiou.
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H taxutnta Kai n
gmITAXuvon  €ival  EKTOC
pdonc ano tn 6€on katra 90°
kat 180°, avriotoixa.
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x(t) = A cos (ot +9¢) ATIAN appovikn Kivnon
dx X T 3T
2

d -
V—E——C{)ASIn(G)t+¢) 2
dx | | |
a=—3 =—w’Acos(wt + 9) ‘ T

» APXIKEC GUVONKEG TN Xpovikn otiyun t =0
givat v

> X (0): A
»v(0)=0 I T 3T

. g a 2
»Auto onpatvel ott ¢ = 0. .

»OL aKpaieg TIPEC TNC EMITAXUVONG €ival T w?A

KAl TTPOKUTITOUV OTIC BECELC £A.

» Ol akpaleg TIHEC TNG TaxUTNTag Elval +wA
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Kal TPOKUTTouV otn 6€on x = 0.



X(t) = A cos (wt + ¢)

V =% =-wAsin(wt + ¢)
2
a= th =-w’Acos(awt + )

» Ol ApXIKEC CUVONKEC TN XPOVLIKNA OTLYHN

t =0 sival
»x(0)=0
»v(0) =v;

»AuTO onpaivel ot ¢ = —7/ 2.
»To ypapnua €xel petatedei mpog ta de€la
KATd £va TETAPTO TOU KUKAOU TAAAVIWONG

w¢ TMPOC 1o ypdwnua x (0) = A.

ATAN appovIKn Kivhon

v oo 3T
2 2

| | |

a T 3T
2 2
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To ypa@nua €xel petatebel mpog ta 6e€1d KATA £va TETAPTO TOU KUKAOU

TaAdvTwong wg mpog To ypagnua x (0) = A.
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ATAN appovikKn Kivnon
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EvEpyela Tou amAou appoviKoU TAAAvVTwTN

Kwnukd evépyea: K = YamvZ = am GJZAZ sinz (wt - ¢)

YrnoBEtoupe oti o eAatnplo Ogv exel pala, onote n pala tou cuotnuartog gival n pala tov cwuartog.

EAaotikn Suvapikn evépyea:U = 1/2kX 2 = Y2k A? (.";05-":Z (aJt' + ¢)

suvohikn evépyeia: E = K + U = Y2kA?

E@ooov n enipadveia Osv £xstl TPIBEC, TO oUCTNUA Eival AMOUOVWUEVO N GUVOAIKI) EVEPYEIA TOU gival otabspn

Kat ota §vo diaypdupara,
toxvet 611 K + U = atabepd.
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H cuVOAIKN PNXAVIKN EVEPYELA ival otabepn.
2€ KAOe XpoVvIKN OTLYHN, N OCUVOALIKN EVEPYELA Eival

12kA?

‘H ouvoAlkn pnxavikn evépyela eivat avaloyn Tou TETPAYWVOU
TOU TAQTOUG.

‘H amoBnkeupévn SUVAPIKN EVEPYELA TOU EAATNPIOU PETATPEMETAL
OUVEXWGC OE KIVNTIKN EVEPYELA TOU OWHATOC KAl AVTIOTPOPWC.

210 dlaypappa, ¢ = 0.
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ATTAOC ApHOVIKOC TAAAVIWTNG Kal Ola-aTopIKO OUVANIKO

Auvapiko aAAnAenidpaong petau oUo atouwyv oto popto (Lennard-Jones)

amopakpuvovtal moAU MeTtafl Toug,
umopoUpe va povteAomowjcoupe tg U
OUVAUEIC OUVOXNG TOUC WG OUVAMELS
TOU TPOKAAoUVTAl aTO HIKPOOKOTIKA
eAatnpla.

» Av 1a dtopa péca ota popla Ogv U(r)=4¢ (

» H Suvapikn evépyela oupmeplpépetal +
OTMwWG OTNV TepIMTwon Tou damioUu /
apHoVvIKoU TaAaviwTti. 4 p




DOivouoec TAAAVIWOELC

»X€ MOAAQ TPAYHATIKA CUCTAHATA, OPOUV HN CUVTNPNTIKEG OUVALELG.
» Autd ta cuotipata Oev eivat 1davikda (Omwe Ta CUCTNPATA TTOU HEAETNOAUE HEXPL
Twpea).
» H tp1BA Kal n avriotacn Tou aépa €ival Pn cuvINPENTIKEG OUVAUELC.

»X€ AQUTH TNV MEPITTWON, N KNXAVIKN EVEPYELA TOU CUCTAHATOC HEIWVETAL
OUVAPTNAOEL TOU XPOVOU Kal N Kivnon €ival gBivouoa n veioctarat anocBeon.

»'Eva mapadstypa @bivoucag Kivnong sivat n Kivnon

To mAdtog pewwverat : : e : -
EVOC CWHATOC TO OTolo Elval MpooapTnHUeEVO 6E eva

ekOeTIKA OOPPWVA pE

., n oyéon Ae™(b/2mt geAatnplo Kai Bubiopévo ot Eva naxuppauofo uypo.
I*\\ / »H duvapn emBpdaduvong ekppaletal w¢ R = —pv
] v » H otaBepd b ovopaletal ouvTeAEoTG
i N~ anoocBeonc.
0 \1/ N L o To MAQTOC HEWWVETAL WE TTPOC TOV XPAOVO.
u// » Ot OIaKEKOUUEVES YPAUKES opilouv TNV mepiBaAAovoa tng KAPTUANG
- NG Kivnong.
»H duvapn emava@opdag .ooutal e -kx.



DBivouceC TAAAVTWOELC

» AT ToVv OgUTEPO VOpO Tou NeUtwva maipvoupe - To mhdroc perdverat
ekBeTiKd oVpQWVa pe
XF, = -kx - bv, = ma, —»-kx-b(dx/dt)=m(d?x/dt?) ™ oxéon Ae~®/2mt
»Otav n 6uvaun tpanc; glval pikpn GUYKpthKC( HE TN PEYIOTN dUvapn A w\\
snavacpopag, HTTOPOUNE va BpoUpe tn ouvaptnon mou Givel TO X.
» AutO oupBaivel 0tav 0 GUVTEAEOTNC b ival PHIKPOC. r\\‘“ "
- 4 : 4 : 0 A HA“R@
»H BEon mEpLypa@ETAl ATTO TH GXEON V LY Bt
_(b ¢ s
x = Ag 2m) cos(wt + @) 1 24

»H KUKAIKN ouxvotnta £ivat 7

o)

»Otav n duvapn TeBAC ival pikpn, n Kivnon e€akoAouBei va eival taAaviwon, aAAd To MAATog
HEIWVETAL EKDETIKA PE TOV XPOVO.

» TeAIKa n kivnon otapatd.
»H KUKAIKI oUXVOTNTA PTTOPEL VA EKPPACTEL KAl OTN Hop@n: @ = \/0)0 —[

b 2

. oty
— | , Omou @, =
sz K

Ma otaBepd k, m n TaAdviwon @Bivel mo ypnyopa oco auavetal n duvapn emBpaduvong.

1Id1oouxvoTnTa (1 PUCIKN CUXVOTNTA) TOU CUCTAHATOC.



Eidn anooBeong

»Otav n duvapn snavacpopag gival Tetola wote b/2m <
@y, TOTE AEQE OTL TO cuoTnua mapouctalel vumoanoocBeon.

»Otav o cuvteAeotng b MApEL pia oplakn TN b, tétola
wote b./2m = @,, T0 6UCTNHA OEV TAAAVTWVETAL.

Tote Aépe OTl €xoupe Kpiown amooBson (t0
ovotnua Oev taAaviwveral)- To cvotnua aenverai
eAeUBepo kai mAnoialel mpo¢ tn O£on icopporiac,
aAAa dev mepva ano autn.

»Av n duvapn emava@opdag eival TEtola wote b/2m > w,,
TOTE AEPE OTL TO ouotnua mapoucialsl vnepanooBeon (To
ovotnua Oev TtaAavtiwvetai)- To ovotnua agnvetai
EAEUBEPO Kal eMICTPEQPEl MPoC TN BEon tooppomiag, aAAa
O0cV mepva amno avti.

» ‘Oco aufavetalt To to b 1000 aufavetat 0 XpOvog TOoU
xpelaletal To cUCTNHA Yld va QTAcEL ot B£on 1ocoppoTiac.

»Ta oucTAPATA OTA OMoia £XOUME Kpiowun amooBeon Kat
umepamooBeon, Oev  €XOUV KUKALKN ouxvotnta (Ogv
opiletal) Kat n x=Ae t/2Zmt cos(wt+g) Oev IOXUEL.

Kpiown anoocBeon

vnepanoocBeon

vrnoanooBeon

o)l




E€avayKaopEVEC TAAAVTWOELG

» MmopoUpe va avtiotabpicoupe TNV amwAeld evEPyElag O pa @Bivouca TAAAVIWON ACKWVTAC Hid
nmeplodikn e€wTtepIkn duvapn.

» 2TO OUCTNHA HETAPEPETAL EVEPYELD PEOW Hlag SUvapng mou €XEL TNV KateuBuvon tng Kivnong.

»To MAATOC TNG Kivnong dlatnpeital otabepd av n EVEPYELA TIOU TIAPEXETAL O KABE KUKAO TAAAVTIWONG
looUTdl PE TN HEIWON TNG HNXAVIKNG EVEPYELAC TTOU TPOKAAOUV ol SUVAKELC AVTIOTAONC O£ KABE KUKAO.

» '‘Eotw TO mMponyoUpEVo cUCTNHA OTO OToi0 ackKeital meplodikn duvapn OtEyepong F=F, sinwt

AL

ﬁu-ﬂpnnnyﬁ' H cuxvornTta g ﬁlc\‘fripnllnnr ||ﬁgp£i va ustaBaAAsTal

A At K T Www/AaTwLIjL A

amo Ta XapaKTNPLloTika tou (k,m).

£V N Wy TOU GUCTNUATOC gf_‘anrr{lrm
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» A6 Tov 0£UTEPO VOUO Tou NeUTtwva maipvoups
¥F, = F, sinwt-kx - bv, = ma, —>F, sinwt-kx-b(dx/dt)=m(d?x/dt?)

»Otav og €va apxikd akivnto ocwpa apxioel va ackeitat pia Suvapn OlEyepong, To cwpa Ba apxioel va
TAAQVTWVETAL PHE OAOEVA PEYAAUTEPO TAATOC TAAAVTWONG.

»MeTA amd KAMOLO XPOVIKO OlAcTnUa OTav n EVEPYELA TIOU TAPEXETAL OTO CUCTNHA ATO TNV £EWTEPIKNA
Ouvapn £€lowOEl pe TNV EVEPYELA TTOU XAVETAL ava KUKAO, To cuotnua 6a ¢ptdosl o€ otabepn Kataotaon Kat
Oa TaAavtwvetal pe otabepod MAATOC.



E€avayKaopEVEC TAAAVTWOELG

»'Otav oc €va apxikd akivnTo owpa apxioel va ackeital pia ouvapn OlEyepong, To ocwpa Ba apxiosl va
TAAQVTWVETAL PHE OAOEVA PEYAAUTEPO TAATOC TAAAVTWONG.

»'ETElTa amod apkeTO XpPoviKo SlaoTtnuda,
Evépyesia duvaung Oieyepong = EVEpyeia mMou LETATPENETAl O ECWTEPIKN

» To ocuoTnua QTAvel o€ Pla otabepn Kataostaon.
» Ot taAavtwoelg ouvexilovtal pe otabepo mMAATOC.

» H AUon tng e€icwong yivetal x=A cos (wt+)
Fy
- m

\/(wZ—wé)ﬁ[";’T

» OTIOU TO TMAATOC plag e€avayKaopEvNg TAAAvIwong sival

» To @y, €ival n 18100UXVOTNTA TOU TAAAVIWTN XwpPIig anmdéoBeon.

0 e€avaykaopEvog TAAAVIWTNG TAAAVTWVETAL HE TN ouxXvOTNTaA TG eEWTEPIKNG SUVapng awou odnyeital o
otabepn KAtaotaon



2UVTOVIOHOG
- )

»Otav n ouxvotnta tng duvapung OlEyepong mAnotalel Tnv 1GLocUXVOTNTA TNG
TaAdviwong (@ = @,), mapatnpeitat avgnon Tou TMAATOUG (Yla HIKPEG TIHEG TOU
b).

»Autn n Bsapatikn avénon tou MAdtoug ovopaleTal CUVTOVIOUOG.

nAdtog e£avaykaouEvng TaAdviwong

»H 18loouxvotnta @, €ival yvwoTth Kal wg CUXVOTNTA GUVTOVIGHOU ToU
OUOTNHATOC.

»Katd tov cuvtoviopo, n duvapn SlEyepong Bpioketal o€ pdon pE TNV
TaxuTNTA Katl n 1oxug mou PHETAPEPETAL OTOV TAAAVTWTN TAIPVEL TN PEYIOTN
TN g (v=dx/dt, cuvaptnon nuItévou omwg n duvapn).

» ZUVTOVIONOG Tapatnpeital (Kopuwn Tou ypagnuatog A-w) otav n
ouxvotnta tng duvapng oiEyepong sivat idta pe tnv 1dloocuxvotna.

»'Otav n amécBeon pelwVeTal, To MAATOC A TnNG TaAAviwong aufavetat.
»'Otav n anocBeon aufaveratl, To MAATOC TNS KAUTUANG aufaverat.

»To oxnpua Tng KapmUANG cuvTovicpoU £EapTATal amod ToV CUVIEAESTN b.

Otav n ouxvotnra @ g dSvvaung
digpyeong eivat ion pe v 1d1o-
OUXVOTNTA (g TOV TAAAVTWTT),
TAPATNPEITAL CUVTOVIONOG.

A

[l b=0
b Xwpig andofeon
|

| Mikpo b

Meydho b




Kupata

»Katda ) 6iadoon vog KUNATOG, HETAPEPETAL EVEPYELD OE KATTOIA ATTOOTAON, VW O PETAPEPETAl
UAN.

» Yniapxouv dvo Baoika €idn Kupdtwy.
» Mnxavikd kouata
» X€ KATOLO (PUOIKO PECO TTPOKaAsital pla diatapaxn.
» To KUpa givat n diadoon g SlaTapaxng HECA OTO HECO.
» HAektpopayvntikd kupara

v

Aev amaiteital Kamoto péco yia tn dtadoon Toug.

Vv

MNapadeiypata TETOWWY KUPATWY Eival To Qwc, Ta padlokUpatd, Kal ol akTiveg X.
»lMpolUnoBsosic yia tn dnuiovpyia UNXavikwyv KUEHATwV

»Mia Tnyn diatapaxng.

»'Eva HECO TO OTTOI0 MEPLEXEL OTOIXEIA TTOU PTTopoUV va diatapaxbouv.

»'Evag (pUOLKOC PNXAVIOHOC TTOU EMITPETEL OTA OTOLXEIA TOU PEooU va aAAnAemdpouv
petafu Toug.



Altadoon mMaApoU o€ viua

»Anploupyoupe €va kKupa, Tivaloviag eEAa@pd 1o €va dKpo ToU VIRHATOG. Ko & mokybe SibiBevdt xand

HIKOG TOL VI|HATOG, VEQ OTOIXEIQ
TOV VApaTog petatonifovral and
115 Béoeig Looppomiag Tovs.

»XTO VA aokKeital tdon.

»Zxnuatiletatl pia dwatapaxn n omoia StadideTal Katd PRKOG TOU VAHATOC.
» H dwatapaxn ovopaletal maApoc.

»ZTNV £IKOVA Qaivovtal 4 «OTIyHIOTUTIa» amo tn Onuloupyia Kat t

A1adoon Tou KIVOUHEVOU TTaApoU.

»To Xépt eivatl n mnyn tng dlatapaxngc. | +

»To vipa eivat 1o péco dtadoong Tou TaApou.

» Ta otoxeia Tou vipatog dlatapaccovtal amo tn B£on 1coppomiag
TOUG.

» Ta otoixeia cuvdéovtal peta&l Toug, omote emnpedldouy To £va To
aAlo.

» 0O TaAPOG EXEL GUYKEKPLUEVO UYOC.

» O TaAPOG EXEL CUYKEKPIUEVN TaxUTnTa O1adoong OTo PECO.



Eykapola kat Stapnkn KUpa i

Bpiokeral ae éva anpeio X eivar

»To KUpa givat pua meplodikn diatapaxn, n omoia OladideTal o€ Eva PECO. R Berri noc ot DieBUYON CakBooTic
- # 5 , , . (kOkkivo Béhog).
»To odguov KUHA, N 0 TAAUOG, Tou avaykadel Ta OTOLXELd TOU : -
r r r r r r .l"f
OlaTapacCOPEVOU PECOU va KivouvTtal Kadeta otn dleubuvon diadoong tng =
dlatapaxng ovopaletal EYKAPOLo KUHA. ':r 7
» lNava Gnuloupynoouus TO KUIJCI, TPETEL VA KOUVICOUHE EMAVEIANUUEVA —ial
TO AKPO TOU VAHATOG MAVW-KATW. z}'
r r r r r I
»H Kivnon tou cwpatidiou UTTOOEIKVUETAL HE TO Haupo BEAOG. !
|
r r r r r r | —r
»H d1euBuvon 61adoong Tou KUPATOC UTTOOELKVUETAL HE TO KOKKLVO BEAOC. >
2
To xép1 xaveitar pmpog-micw  Kata tn Siadoan tov madpov, ot omeipeg
pia gopa kat Snuovpyel petaronifovral mapaAinia mpog Particle Motion
évav Stapkn maApo. StevBuvon Sadoonge. _————

J X S X
rd \‘.‘.. ‘f v y %

TP VWWWWWWIWWWWWWAVWVWVWA-

»To odsUov KUUA, I 0 MAAUOC, mou avaykdalel Ta OTOIXEia Tou OlaTAPACOOHEVOU HECOU va Klvouvtat
nmapdAAnAa otn dleubuvon diadoong Tng diatapaxng ovopaletal SIAUNKES KUUA.

» Ta nxnTika Kupata sivatl dlapnkn Kupatd.
»H d1eUBuvon PETATOmMOonG TwY OMEIPWY £ival mapdAAnAn mpog tn dieubuvon diadoong.



https://www.flippingphysics.com/waves-gifs.html|

Does the medium move frc Eykadpolo kOpa
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Transverse Wave
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YUvOeta kupata-Mapadetypa: ZEICPIKA KUPAtd

»KUpata P 4 mpwtevovta Kupata
» To «P» gival To apxiko ypdappa tng ayyAkng AEEng primary (Tpwtelwy).
» Kivouvtal mo ypnyopa amo ta Kupata S, pe 7-8 km/s.
» Eival dtapnkn KOpata
»Kupata S i dsutepevovta KUPaAta
» To «S» gival To apxiko ypdappa tng ayyAlkng AéEng secondary (GeutepPEUWY).
- Kivouvtal mo apya ano ta kupata P, pe 4-5 km/s.

» Eival eykapola kuparta

O oclopoYpPAPOG Kataypd®el Ta KUPATA autd, amod Tda omoia PTTopoUpE va eEayayoups TTANPOWOPIEG
OXETIKA HE TO ETKEVTPO TOU GEIGHOU.



OPIZMOI
KYMA

Kueeﬁcm:lpuxn nonouu&a&bampenmepaapmmxmmuanoonpaoosanpaomwunohmm
X(PO XWPIG 1) HETAPOPA UANG

TAXYTHTA AIAAOZHZ
H TayUmra peradoong me Siarapaymg

ADMOAONTIN KVMA
ArriVIVARNY N1V

Eav n apyixn Siarapayr), n onoia peradideral, gival anAi) appoviki} TaAavteon [Ta pn appovika
KUHATA HNOPOUV Va avaAuBouv O€ OEIPEG OPOI TLV OMOIWV AnoTEAOUV APHOVIKA KUpaTa]

QKYTHTA

H TayUmra Twv «Hopimv> oTav ekteAouv appovikn kivijon) [NA MH ZYTXEETAI ME v TaXUTnTa Tou
KUparocg]

ErKAPZIA & ATAMHKH

H TaAavrwon npayparonoisiral ka6era/napaAAnAa o diebuvon 3iIG300TG TOU KUHATOG



OPIZMOI
MHXANIKA H’ EAAZTIKA KYMATA
Eﬂmm KIVNOT) COHATWV, HETAPEPOUV HUNXavikr) evépyeia. MN.yx. Hxnmkd, kopa oty enkpavaa
HAEKTPOMAINHTIKA KYMATA

Kupcrrunounspﬂ\npﬂuvouvmhavrwoaqn)«acrpmou Kal powrrnxounsﬁlounounpavpu'ronolouwm
meaunpmmvunnmlmﬂaucm&mewonbnbomcmmmmqmomomaﬁwammue
TNV TaXUTNTA ToU PpWTOCG (010 KEVO 300000Km/s). Asv anarroUv Tnv Unap&n UANG yia ) diadoor) Tou
KUpAToG (TO (pwG ToU fAIOU PBavEl OTT YI)...)

Mia anAn'ruMwwon (o1 kUpa) neplypa(pﬂ'mvappowm mvnonsvoqompu'rogvupm ano pia Baon
<<I00pp0|1|0(',‘>> ONOTE HABNHATIKG NEPIYPAPETAI ANO TNV «ANOHAKPUVOT)> TOU CWATOC 00 CUVAPTION)
TOU XpOVouU.

"Eva KU|.ICI nemvpucpamblaboon pmcm)\nwwxmoxmpoonms&u npénel paBnpumcavu
neplvpu(pamv«anopukpuvon»rouompmoqououvup'manoxl HOVO TOU XpOvou aAAd kai TnG B€ong
OTO XWPO.



EZI2Q2H KYMATO2

2 2 . :
%, v 1 o /4 KupaTikn e€iowon Y 10 psys}ﬁog Mou MEPLypaget tn
- dlatapaxn mou oladlostal

dx u’ @
W (x,t) = f (x — ut) AUon TnG KupaTikng e€icwong [ouvaptnon Tou x-ut 1]
Xwpikn HeTaBOAN TOU KUKATOG: HMNOPOUKE va Tn “"doUpe” av pwToypagicoups To KUKa yia
Hia Xpovikn oTiypn n.X. t=0 4 (x ,0 ) — f (.)C)

f(x—ut) Mepiypager Tn diadoon Tng f(x) pe TaxuTnTa u oTo +X G&ova

Xpovikr JETaBOAN Tou KUpaTog: NMapakoAouBoUpE NG KIVEITal Eva onpeio (eva x) oa 74 ( X t) =g ( t)
ouvapTnNon Tou XpOvou = AnAR appovikn TaAQvTwaon. 93



KYMATA

E(x, t)=E, glulv[k(x +ut)]
E, NAAQTOG = PEYIOTN TIUN TNG OUVAPTNONG
u TaxuTnTa KUPaTog (TaxuTnTa pacnc)
u= + w/k, w=2nf, f=1/T
k kupaTapiBuog, k = 2n/A (A pnkog KUKaToq)
X XWPIKN METABANTA
t xpovikn peraBAnTn

MHKOZ KYMATOX
To didotnua oto omoio Sladidstal N apxikn
Alatapaxn o€ XpOvo piag meplodou

OEMEAIQAHZ EXEIZQ3H KYMATIKHX
u=A/T=Af

Transverse Wave

"Bvroon mexp. mediou [E]

Transverse Wave

'ﬁ?aveleng;h—ﬂ
-

T ¥ T T T v T T T v
0.0000 0.0005 0.0010 0.0015 0.0020 0.0025

Metat@mion, X [m]



Transverse Wave

[y

ESIZQH KYMATOZ

E(x, t)=E, ouv[k(x + u t)]
E, NAGTOG = PEYIOTN TIUR TNG OUVAPTNONG ¢

u TaxuTnTa KupaTog (TaxutnTa aonc) u= + w/k
k kupatapiBuog, k = 2n/A (A PARKOG KUKATOC) Transverse Wave
X XWPIKN HETaBANTN

ltWavelength—J
t xpovikn peTaBAnTn . ,/"J\.v; ,\_’V. /\\,f -~

A KAGE ZHMEIO TOY XQPOY MIOPEI NA S

MAZ AQZElI THN EEAPTHZH THX 1.0 ] ' N . el
«AMNOMAKPYZNHZ» ZA ZYNAPTHZH TOY A \ﬁ\ ok /N /' |t=0 I ]
i’ _ i
& L L L

isvr

XPONQY

A KAGE XPONIKH XTIF'MH (otiypiotumo)
MIOPEI NA MAZ AQZEI TH ©EXZH OAQN
TON ZHMEIQN TOY XQPOY ZTA OINOIA
AIAAIAETAI TO KYMA

"Byroon mpexp. ediov [E)

Metatomon, x [m]



MEPIKEZ IAIOTHTEZ

Ynakououv oTnv apxn Tou Fermat [kara T di1adoor] Tou akoAouBouv
NAavra To CUVTOHOTEPO OpOopHo]

AiaB6eTouv NOAwWON

YgioTravral nepiBAaon, cupBoAn, avakAaon kai Sia6Aaon

Epgavilouv 1o (paivopevo Doppler



OdcUwV TTAAHOC

Tn xpovikn otyur) £ = 0, To0

»ZTNV EIKOVA BAEMOUNE TO OXNHA TOU TTAAPOU TN XPOVIKNA otiyun t = 0. oxfiia vov nahpiod dtverat

&:}Totcxr']ua g KGpﬁQ?\ng pmopel va avamapaoctadsi amod pia pabnpatikn %
ouvapon tng popeng y(x,0) = f(x). \ ;

» H ouvaptnon autn mEPLypAayel tTnv eykapota B£€on y Tou oToiXxeiou
TOU VAHATOog O£ KABe BEon X TN XpoviKn otiyun t = 0.

0 /

ZE [l HETAYEVETTEPT] XPOVIKT
OTUypr £, TO OXMHa TOL TaApol
napapével apetaPpAnto kain
katakopuen Béan evog Tuxaiov
OTOIXEIOV TOV HETOU OE OTTOLO0-
Sfymote onpeio Z Sivetat and
ovvaptnon y = flx — vit).

B

and tn ovvaptnon y = f(x).

»To PETPO TNC TAXUTNTAG TOU TMAAPoU €ivat V.

»Tn XPOVIKN OTIyHN t, 0 MAAPOC £Xel dlavUoel amootaon Vt.

»To oxnua Tou maApou Ogv PeTaBAAAsTal cUVAPTNOEL TOU XpOvou. To
OTOIXE(0 TOU vipatog mou Bpioketat otn B€on x £xeL TNV (Ola B€on y PE TO
OTOIXE(0 TTOU Bplokotayv oto onpeio x-vt tn otiypn t=0.

»H katakopun B€on Tou eival Twpa y(X,t) = y(x-vt,0) n yeviKa
y(x,t)=f(x - vt).




O0cUWV TMAANOC

»Na évav maApo o omoiog dtadidetatl mpog ta de€la
» v(x, t) = f(x - vt)
»Ma évav maApo o omoiog Sladidstal mpog Ta aAploTEPA
» y(x, t) = f(x + vt)
»H cuvaptnon y ival yvwoTtn Kal w¢ Kugatoouvaptnon y(x, t).

»H kKupatoouvaptnon Oivel TNV TETAYHUEVN Y KABE OTOLXEIOU TTOU BploKeTal 0To onpEio X o€
omoladnTOTE XPOVIKA OTIyHA t.

» H tetaypévn vy eival n eykapotla 6€on.
»Av 1o t eival otaBepo, n Kupatoouvaptnon ovopaletal Kupatopop®n (oTiypiotumo).

» Opilel pla KapumUAn TTOU TAPICTAVEL TO YEWHETPIKO OXAHA TOU TAAHOU TN GUYKEKPLHUEVN
XPOVIKN OTLyun.



Huttovoeidn kKupata

»To KUPa TOU TTApIOTAVEL N KAumUAN, n omoia (paivetal otnv £lKovda,
glval €va NUITOVOEIOEG I APHOVIKO KUMQ.

»MpOKEITAl Yld TNV KAPTUAN TOU YPA@NHATOC TNG TPLYWVOHETPIKNG
ocuvaptnong sin @ wg mpog tn ywvia 6.

»AuTtO eival To mMO amA0 mApPAdElypa €vog TEPLOOIKOU OuveEXOUC
KUpatoc.

»To KUpa Kiveital mpog ta de€id.

» H kagé kapmuAn mepLypd@el TNV apxikn B€on.

» KaBwg to kKUpa Kiveital mpog ta de€ld, n Ka@e kaumuAn Ba t=0 t

(PTACEL TEAIKA 01N B€0N TNG UTTAE KAUTTUANG.
Transverse Wave

»Kdabe oToIxeio KIVEITAl MAVW-KATW EKTEAWVTAG ATAN APHOVIKN
Klvnon. tWavclcngth—al

» Autn n Kivnon €ival n Kivnon mou EKTEAOUV TA OTOLXELD TOU JJ\‘ /‘\ /\ f'

UEGOU. ../ \/ \./ \‘/

»Eilval onpavtikd va slaxwpicoupe TNV Kivnon Tou KUPATtog amo tnv

KIVNOoN TwV OTOLXEIWV TOU HECOU. isvr




ZYNOWH: MAdtog, pnKog KUpatog, mePLodog Kal cuxvotntd
*H péylotn petaromon ovopdaletal mAdtog A. }L

*To PNKog KUMATog A €ival n amootaocn piag Kopu@ng amo TNV MOUEVN T fa

*H mepiodog, T, €ival To Xpoviko SLAcTNUaA TToU amatteital wote U0 avTioTolxa

onpeia OladoXIKWY KUPAVOEWY va TepAcouy amo To i0lo onpeio. M.x 0 xpovog

TwV a@iewv uo SLadoxIKWY KopuPwv o€ Ge00HEVO ONHEID TOU XWPOU.
H mepiodog tou KUpatog eivatl idla pe tnv mepiodo TN amAng apHOVIKNG S
TAAAQVTWOoNG £VOC OTOIXEIOU TOU HECOU. :

*H ouxvotnta f €ival o aplOpog Twv Kopuwy (1 omoloudnmote AAAoU onpeiou

TTOU avNKEL 0To KUPa) mou SlEpxovtal amo eva 0£00HEVO onpEio otn povada Tou

XpOVou. ‘
H ocuxvotnta Tou KUPAtog ival idia PE T cUXvoTNTA TG AMANRG APHOVIKAG
TAAAQVTWOoNG £VOC OTOIXEIOU TOU PEGOU.

Kuvuatoouvaptnon . i

cos B cos AW
y(x,t):Asin[%(x—vt)} AT y(x,t):Asin{Zzz[%_iﬂ , i’

-
T

® 2nf .
m _ J \__/Ji\_/+4
k=2rlA | o



f=1/T

r r r
Huttovoeldn Kupyata o€ vnuata y = Asin(kx - ot)
. . . . . . . . v=FfA
»K@be OTOIXE(O TOU VAPATOC TAAQVTWVETAL KATAKOPUPA KAl EKTEAEL amAf appoviky | f
Kivnon. | % =
X .z
»Mmopoupe va Bewpricoupe Ott kabe otoixeio Tou vapatog eivar evag amdog L SN/ N /la
AQPUOVIKOC TAAQVIWTNG TOU TOAAVIWVETAL ME OUXVOTNTA (0N ME €KElvn TNG 7 ! £=0
TaAQvTwong Tou EAAcHAtoc. - |
|
»Evw kdbe otoixeio taAavrwveral otov afova vy, To KUpa S1adideTal Katda PNRKog i
Tou afova x pe TaxutnTa PETPOU V. | [\ =/ \
— | \
»Tn xpovikn ottypn t =0, v = A sin(kx - wt). * i o
. ; ; " d 3 4
»TO HETPO TNG EYKAPOLAC TAXUTNTACG TOU OTOLXEIOU Elval: vV, = d_}l‘/ B i
5 |
>NV, = -wA cos(kx - wt) x=grafepo | |
— e\ LA
»Eival 01a@opeTiko amo 1o PETPO TNG TaxUTNTAg Tou (010U ToU KUPATOC. ' s ':r :
. : . av i #=gd
»H gykapola emMTAxuvon Tou CTOIXEioU ivat: a, = Tty n ! .
|
> a, = -@*A sin(kx - ot) gl L\ L
»H taxutnta v yivetatl péytlotn oto onueio v = 0. EN/ ¢- %T
(D)

»H emtaxuvon a yivetal JEYLOTN OTO CNUEio v = +A.
»H taxutnta tou KUpartog e€aptdrtal amo Ta QUOIKA

XAPAKTNPIOTIKA TOU VAHATOC KAl TNV TACH TOU AOKE(TAl 0TO VAKA.



H ypappikn e€icwon KUPATog

» Ol KUPAToouvapTnoElg v (X, t) eival AUCEIC TNG YPAUUIKAG e€icwong KUKATOG.
»H e€iowon meptypdgetl MARPWE TNV Kivnon Tou KUPAtoc.
» Ao autriv ymopoUpE va mTApoupe TNV e€icwon tng Taxutntag Tou KUPAToc.

»H ypappikn e€iocwon KUpatog ivat OgpeAlwdng yia TOAAEC HOPWES KivNONG TWV KUHATWY.
2 2
Loy dy

’y 1 9%y , .y .
= Kupa kata ynko¢ vnuato¢ “— =
xZ V2 of? ’ T ot?  ox

»To y maplotavel O1agopeg BECELC.

levikn €k@paocn

»Ma éva vipa, To v £ival n Katakopu@n PETATOMION TWV OTOLXEIWV TOU.

»Ma éva Nxntiko Kupa mou Otadidstal o€ £va aplo, To v sival n SlapunKNG HETATOTILON TWV OTOIXE(WY TOU
agpiou amod tn O£on Looppomiag Touc.

»Ma €va NAEKTPOUAYVNTIKO KUKA, TO V €ivdl Hid CUVIOTWOd TOU NAEKTPIKOU N TOU payvnTikou mediou.



YmEpBeon Kat cupBoAn

L R & a —
ADYN TNC 1NITENBEECcNC
1 ,_’._) MAlf] L1F 1S VIRCLIV G U S

»Ta kUpata pmopouyv va cuvouactouv otny idia 6£on Tou Xwpou.

»MmopoUpe va avaAUoOUHE TETOLOUG GUVOUAOCHOUC KUUATWY XPNOIHOTOIWVTAG TNV dpXn TNG
unepBeong (N apxn tng emaAAnAiac):

»Av oceg €va p€co Oiadidovtai OUO 1N MEPICOOTEPA KUMATA, N OCUVICTAUEVN TIUN TNG
Kupatoouvaptnong o OmolodNmoTe onueio givar to alyeBpiko dbpoloua Twv TIHWYV TwWV
KULAToouvaptnoEwy TwV EMIUEPOUC KULATWV.

»Ta KUpata mou akoAouBouv autn tnv apxn ovopalovtal YPAappIKd.

» ZTNV TEPITTWON TWVY HNXAVIKWY KUMATWY, TA YPAMMIKA KUMPATA ouxvda €xouv TAATOC
TMOAU HIKPOTEPO ATIO TO PNKOG TOUC.

v, ' I - P, P
Verece D ererm wer retititiRa A r
YTMTEPUEOCN KAl OoULUDOADN

»AUo odgUovTta KUPATa UTTopouV va TEPACOUY TO £va PECA Ao TO AAAO XwPIc va aAAotwbouy.
» Autn eival pia amo TIG GUVETELIEG TNG apXNng TNG UTTEPBEONC.

»'Otav otny idia meploxn tou xwpou cuvdudalovtal GUo SIaoPETIKA KUPATA Kal Tapdyouv
£Vd GUVIOTAPEVO KUMA, TO @ailvopevo ovopaletal GUPBoAn.



Mapadetypata umepBeoNC

»AUo raApoi Siadidovral mpog avtiBeTeg KAteubuvoslg (a).

» H kupatoouvaptnon tou maApoU mou Kiveital mpog ta 0e€ld sival n vy, Kat
N KUPATOoUVAPTNON TOU MAAPoU TTOU KIVEITAL TTPOG TA APICTEPA Eival N V,.

» Ot maApoi €xouv 010 PETPO TaxUTNTAS, aAAd OlAPOPETIKA OXNUATd.
»H pETATOMON TWV OTOIXEIWV TOU PECOU €ival BTIKN Kal yia Toug 0Uo maApoug.

»Otav ot maApoi apxifouv va
KUHATOoUVAptnon eivat y; + y,.

emKkaAumtovtat  (B), n ouviotapévn

»O0tav ouvavtwvtal ol KOpUPES TwV TAAPWY (Y), O CUVIOCTAHEVOC TTAAHOC
EXEL HEYAAUTEPO TTAATOC ATIO EKEIVO TWV APXIKWY TTAAHWY.

»O1 dUo maApoi xwpilovrat (d).
» Zuvexifouv va KivouvTtal mpog TNV apxIKn Toug Kateubuvon.
» To oXNUa TOUG MapapEVveL apetdBAnTo.

»AuTO 10 £id0¢ uTTEpBeong ovopaleTal EVIGXUTIKR GUHBOAL.

i
* r
H M1 Y2

Otav ot taApoi emkalvnrovral,
1 KbpatooLvapTHOT Eival TO
aBpotopa Twv EMpEPOVE KVpa-
TOOVVAPTI|TEWY.

)

3 Y1rt¥s

‘Otav ot KopuPég TwV SVo TaAUDY
evBuypappiovral, To mAdtog Tov
GUVIOTAREVOD TIAAHOD LOVTAL HE
70 aBpolopa Twv empépovg

ﬂla‘rtb_v.
X

m %
Nt)a

‘Orav ot makpoi dev emxaiv-
TTovTal TAEOV, TO OXNHa Toug
eivat id10 pe To apyiko kat dev
£xeL ennpeaoTel povipa anod
ovpfolr.

N -
P

Ya N




Mapadetypata umepBeonc

»AUo maApoi Siadidovtal Mpog avtiBeTeC KateuBUVOELC.

»0 €vag MaApog €ival aveoTPApPPEVOC GE OXEON HE TOV AAAO.

»'Otav ol maApoi EMKAAUTITOVTIAL, N CUVIOTAPEVN KUupatoouvdptnon Eivat
VitV

»AuTo 10 €id0G UuTEpBeONC ovopaleTal KATACTPENTIKN CUUBOAN.

»Evioxutikn cupBoAn cupBaivel Otav ol PETATOTICEIC TTOU TTPOKAAOUV Ol
duo maApol £xouv tnyv idla katsuduvon.

» To MAATOC TOU OUVIOTAPEVOU TAApOU €ival PEYAAUTEPO ATO TO
TMAQTOC TWV EMPEPOUC TTAAHUWY.

»Kataotpentiknl oupBoAnn oupBaivel oOtav ol  HETATOMIOEIS TOU
TTPOKAAOUYV Ol OUO TTAALOL EXOUV AVTIBETEC KATEUBUVOELC.

» To TMAQTOGC TOU GUVIOTAMEVOU TAAMOU Eival HIKPOTEPO dATO TO
TAATOC TWV EMPEPOUC TTAAHWY.

0]

*
© \ Y2
Y1
S
Otav ot taApol emkalvnrovral,
1 KvparoovvapTnon etvat 1o a-

Bpolopa Twv empépovg Kupato-
GUVAPTIOEWY.

"

B Y1+
‘Otav ot kopugég Twv §vo Tal-
pwv evbvypappitovrat, To mAd-
TOG TOV GUVICTAEVOL TIAAHOU
toovtal pe Tt Stagopd petaky
TWV EMPEPOVG IAATWYV.

>

m y
Yit)s

‘Otav ot takpoli dev emkakvmnro-
vtal TAEoV, To o)fiHa Tovg elval
1810 e To apyixkd kat Sev éxel e-
TUNPEACTEL HOVIMA ATIO TT) GV~

B\,
\ —
V2 ) . :

Y1
e






YTEPOEON NUITOVOEIOWY KUPATWY

» YmoBEtoupe otL duo Kupata diadidovral mpog Tnv idla Kateubuveon o€ £va YPAUHIKO HECO,
Kal £€xouv (0la cuxvotnta, PNKog, Kat mAAToc.

»MoOvo n @acn Toug gival SlaPopETIKN:
» vy, = Asin(kx - wt)
» y, = Asin(kx - ot + @)
»y=y,+Vy,=2Acos(¢/2)sin(kx - ot + ¢ /2)
»H cuvictapévn Kupatoouvdptnon v ivat emiong nUITOVoELONG.
»TO CUVIOTAPEVO KUHA €XEL (Ola GUXVOTNTA KAl HNKOG KUPATOG HE TA apXIKa KUpatda.
»To TAATOG TOU GUVICTAPEVOU KUpATog ival 2A cos(g /2).
»H pdon tou cuvictapévou KUpPAtog eivatl ¢ /2.



EVIGXUTIKN KAl KATACTPETTIKN
CUUBOAN NUITOVOEIOWY KUHATWY

»Otav ¢ =0, Tote cos(¢ /2) = 1.
»To MAQTOG TOU GUVICTANEVOU KUPATOG eival 2A.

» Ol KOPUWPEG TwV GUO KUPATWY avTioToIXouv
ota idla onUEia Tou XwWpPou.

»Ta KUpata Bpiokovtal mavtou o€ (paon.
»Ta KUpata cUPBAAAOUY EVIOXUTIKA.

»levikd, evioxuTtikn oupBoAn mapatnpsitat otav
cos(p/2) =x1.

» AnAadn, otav ¢ =0, 2m, ... rad.

» H ywvia ¢ eivat @ptio moAAAmAGolo tou g
IT.

| Ta empépoug kbpata eivat oe gdon
Kal EMOHEVWG BV HTOPOUHE Va Ta

P
y A M Eexwploovye.
a] + B .
VioXLTIKT oupBoAn): Ta TAGTY TWY
4 Kvpdatwv mpooTtibevral
¢ —_ 00 —_— P

»'Otav ¢ = , T0TE cos(¢ /2) = 0.

» To 0lo oxvel oOtav n Yywvia ooutal
OTOLOONTIOTE TEPITTO MOAAATTAGGLO TOU 7.

HE

»To CUVICTAMEVO KUHA €XEL UNGEVIKO TAATOC.
»Ta KUpata cuPBAAAOUY KATACTPENTIKA.

»'Otav n ywvia ¢ Ogv gival undevikn 1 looUuTdl HE KATOLO
akEPAlo MOAAATAAGIO TOU 77, TO GUVIOTAMEVO KUHA EXEL
mAartog petaéu 0 kat 2A.

»Kal og auth tnv mePINTwon, ol KUPATOOUVAPTNOELS
abpoilovtat.

»H cupBoAn Gev gival oUTE EVIGXUTIKN OUTE
KATAOCTPETTIK).

l Ta empépovg kdpata éxovy Slagopa

@aong 180°.
x
Kataotpentikn aupfoln: Ta kdpata
+| le alAnloakvpwvovralt.
¢ = 180°
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2UHBOAN NUITOVOEIOWY KUHATWY - 2UvVoyn
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» Evioxutikny oupBoAn mapatnpeital otav ¢ = nxz, OMOU TO N £ival APTIOC aKEPALOg (cupmepIAapBavopévou
Tou 0).

» To MAATOC TOU CUVIOTAPEVOU KUHATOC Eival 2A.

» Kataotpentikn cUpPBOAN mapatnpeital otav ¢ = nz, OTMOU TO N €ival MEPITTOC AKEPALOC.
» To mAdrocg €ivat 0.

»H yevikn cupBoAn mapatnpeital otav 0 < ¢ < nr.

» Ma to MAATOg TOU GUVICTAPEVOU KUHPATOG LoXUEL 0 < A, < 2A

L - - _—s s _— .
OlAPOPETIKO MAATOC

»EvioxuTtikn) cupBoAn mapatnpeital otav ¢ = nz, OMOU TO N €ival APTiog aképalog (cupmepAapBavouévou
tou 0).

» To MAATOC TOU CUVICTAHPEVOU KUHATOC £ival (00 HE TO AOPOIoHA TOU TTAATOUC TWV KUPATWY.
»H Kataotpentikn cUuPBOAN Tapatnpeital 6tav ¢ = nz, OTMOU TO N £ival TEPITTOC AKEPALOC.

» To MAQTOC TOU GUVIOTAMPEVOU KUHATOC Eival PIKpOTEPO, aAAd ta Kupata O6ev aAAnAoavaipouvrdal
TANPWC.



2TAclpa Kupata
»YoBEToupe 0Tt OUo KUpata pe (010 MAATOG, cUXVOTNTA, KAl HNKOG
dtadidovtal oto (010 PHECO TPOC avTiBETEC KATEUBUVOELC.
» Ta kUpata cuvoualovtal cUPPWVd JE TO HOVTEAO TNG oUUBOANC KUUATWV.
» vy, = Asin(kx - wt) Kat
» vy, = Asin(kx + wt)
»ZUPBAAAOUY CUP@WYA ME TNV apXn TNG umEPOBEONG.
»To cuviotapevo KUpa sivat y = (2A sin kx) cos wt.
»Autni n e€iowon €ival n KUPATOOUVAPTNON £VOC OTAGIHOU KUHATOC.
» Aev TTEPIEXEL KATIOLOV OPO kX - wt, omoTe OV MEPLYPAPEL 0dEUOV KUA.

»Otav Tl'ClpGT[]pOUl_IE £va GTCIGHJO KU|JCI Oev GVTL)\GHBGVOHGGTE KCI[JICI KlVf]OT]

otnv KGTEUBUVO’I’] 6[0600[’]@ KAmolou amo ta GleKG KU[.ICITCI /\\ ' ’/\ [ ~ I /\
\ \
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(61) 2D Standing Waves with Sand (Variable Frequency) -
YouTube

(61) Three-Dimensional Mid-Air Acoustic Manipulation

1 \
[Acoustic Levitation] (2014-) - YouTube - \/ \/ \/ S




Napadetypa oTAcIHou KUPATOC

To whatog g Kataxopuens Takaviwaong omolovdimoTte oTotxeiow g
xopdng ekaprarar and Ty oplovTia Béon Tov. Kabe otoryeio Takavra-
vetal péoa ota opia g meptpalovoag cvvdpTnong 24 sin kx.

Ztaolpo nsplypauua TTOU TTPOKUTTEL amo tnv umépBeon duo
TAVOHOLOTUTIWY Kupdtwy Tou Otadidovral mpog avtiBeteg
KATEUBUVOELC.

Kotlia Kotia

To mAdTOoC TNG AmMANG APHOVIKNG Kivnong KABe otoixeiou
gival 24 sin kx.

E€aptatal amo tn B£on X TOU GTOIXEIOU OTO PEGO.

KaBe otoixeio eKTEAEL TAAAVTWON PE KUKALKI) GUXVOTNTA @.

Ma va meptypdyoups ta KUPAta, XpnolUoToloUpe Tpia €i0n mAATouc.
To MAATOC TWV EMPEPOUC KUHPATWY, A.

To mAdTog TNS amANg APHOVIKNG Kivnong Twv oToXeiwy Tou pécou diadoong: 24 sin kx (Kabe
OTOIXE(O TOU OTACIPOU KUNATOG TAAAVIWYVETAl 0TO TAdiclo TnE meptBAaAAoucag cuvaptnong 2A sin kx)

To MAQTOC TOU OTAGIHOU KUHATOC, 24



> TACIPA KUPATa, oplopol

To mhérog ¢ katakdpuens taldviwang onoovdinote otoeiov g TG On IJE i_a u néEVlKO 0 nhdroug OVOIJC'ICOVT(“ 6£0I_loi ﬁ
xopdng ekaprarar and v opilovna Béon tov. Kabe otoygeio ralavra- r
vetal péoa ota opia g mepipalhovoag ovvaptnone 2A sin kx. KOIJ BOI .

AVTIGTOIXOUV OF TIPEG TOU X TTOU IKAVOTIOLoUV T

Kokia ston

x:M n=0,123..
2

Ta onusla TOU PEoou oTa omoia ﬂGpGTﬂpElTGl HEYLOTN
petatomion 2A ovopalovtal KOIAIEG N avTIOECHOI.

2A sin kx

AVTIOTOIXOUV OF TIPEC TOU X TTOU IKAVOTIOIoUV Tn
oX£on

nA

X=— n=13 5...
4

H andootaon petall Stadoxikwy KOWAlWY gival ion pe A/2.
H anootaon petafl Otadoxikwy OEoHwWY elvatl ion pe A/2.

H andotaon petagl evog 0sopoU Kal g EMOPEVNC KOWALag sival ion pe A/4.
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Standing Wave Patterns

HxNntwo odevov kupa
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https://www.scienceflip.com.au/subjects/physics/wavesandthermodynamics/learn17/
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