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M\npopopicg yLow To padnpo

lotooelidor Tov padypotog
https://kesmarag.gitlab.io/courses/mem284/
‘Qpeg yYpapeiov

Qo avakowwbolby TNy emduevn efdoudda.
AZloréynon

> 2 gpyaotnplakéc aokfoelg - 30 %
— BewpnNTIKEG KO UTLONOYLOTIKEG OLOKTOELG
— Troypewtikéc yioe TNV ovppetox otn tekt e&étaon (lovviov ko emtepfpiov).
— Mpoyopik™ ko ypotth e&étoon.
> Tehkn e€étaon - 70 %
— Ofpatal AVATTUENG He KAELOTEG ONUELDOELG.
— Mpémer o Babudeg Tng TeNkNc e€étaong va stva TouldyioTov 4.
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M\npopopicg yLow To padnpo

lNpootoutoVpeveg YVROELG

Mo va TapakorovBoete ko var eTitdxeTe 0TO PaBNUo elvor atapaitnTo vou £xeTe ALPKETA
ka\é eTtitedo ot emdpeva pobfuoto.

> AmepooTtikdg Aoywopde LI

> Ewoorywyn otn ypopuukn dhyeBpo.

> M\oooa mpoypappotiopnod |.
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M\npopopicg yLow To padnpo

To pébnuo amotehel o sloaywyn otn kupatikt) Suddoomn. Eueic B accoyornbolue pe to
TpdPANMe TS kupatikfg Siddoong (1D, 2D, 3D) oe ehaoTikd péoo.

> Apeom epappoyh: Leloporoyio

MeXétn Soviioewv oTo £0wTEPLKS Ko 0T eTLpdvela Tne [Mc.
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Eioovy oy
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Eioovy oy




Eioovy oy

after-2020
“*carthquake position

> Evelpidou et al, J. Mar. Sci. Eng. 2021
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Ewooy oy
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Ewooy oy
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Eioovy oy
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Eioovy oy
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H povobidotatyn (1D) vpoppiky kvpotikiy e§iocnon

1] Wax -CPy, =0 A -Ccru=o
‘\“ x Lt

Pu(x,t) 1 Pulxt)

=0
0x2 ¢z Ot

Apx1 g vmépbeang

> ‘Ectw Uy, Uy Nooelc TNC povodidotatne kupatikic e€lowong téte auy + bus amotekel
eTiong Aoon.
> ‘Eotw to obvolo twv Noewv {u(x, t;\), A € T C R} téte

/ u(x, t; A)dA
T

atmotehel emiong Avom.
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ObeYovra kvpoto

Qu(x, t) 1 0%u(x,t)
Ox? 2 ot
Oa deifoupe 6TL Yo Tuyaiec cuvapThosls £, g, TaL U1, Uy ATOTENOVVY AVOELC TN e&lowong.

u(x,t) = f(x—ct), us(xt)=g(x+ct), c>0

=0

X £ Ct YOPAKTNPLOTIKEG TLUEG. Twhowiv

O f, g by amapaitnta Topaywyioes @ 5 ——
Y .91
Ix

> fx— ct) Sadidetor Tpog T Be€Ld e oTabept ToryUTNTA C.
> g(x+ ct) dadidetou Tpocg T apLoTEPd e oTabept T vTNTAL C.

4 {- 1) 3

M, = 'g'(m) Oxx W, = .{'“(‘Y-C'k)

Yo Yorv

| [
9& ‘“L < —Cf (K’C{) th’ui = C\ dl l(x -C‘E)
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Y vvaptnon Delta Tov Dirac

> Amote)el po yevikeupévn ocuvdptnon 1 omola opiletan péow tng oxéong
. o0

I(x — x0)f(x)dx = f(xp)

— 00

KTKA vou glvall ot Tuyovoa ouvapTnoT.

‘Eora ‘-f(x] =1

omov f umope( Tt

N\ j" Sta-xo)da= 4
-
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Ob6evovta koot

Ob6evwv Ttapég Dirac

u(x, t) = d(x— ct)

Mxx - ¢"¥y $4 =0 \ {:esl- :?..m_l.;.,] \_{é C‘g
(ther - ¢ )Y bes2)=0 ./‘/\\. g‘ﬁj =0
”- (Mx - C'Q“tt)\f(x,t) dxd t -0 Vl*fel Co )

” Uex P (4,8) dd | :é’” Uew Yox,0) dad LE?'j el Lé:.
”Mxx‘fp\'xo\l; = -UMx Yy dxdt = ”’M \P‘XA,M; j 'fg'é;\



Ob6evovta koot

4” Mee Yaxd = ¢ IJ“ Peedndt
HM‘{,X d«dt = ¢ [jM\P{;{.O\TJ'L Ve o

(xt)

X[Q(X-C£\*j"x(x,g)o\xo\lc= ‘f (ct,t)de —
Do =

”g“ -, (=, e dwdt CS Yoo Cet t)dt /



Odevovro koporTo 3 3~ G

00 H\-‘
[ e, des Lo J e Jletoml) -2 Pletds flany)

h0

co L.‘)'

I=ctin )A§=CJ£

JA xp(g,}Lc“_)- 1‘?(3,%) *“P(S,L;l—' )
h_ya 3 h‘). -

. - 3,8 4 s
ﬂﬁ“‘ [as foyet) - et(h3) 2 ¥ E-2)

-
-

T c?



Ob6evovta koot

\1—)1: S

& D05, S +nt) - 2903, 3/) 1 y(1 %, )

+ U\’)z de: e
sl@)olfz 4\1"{ ek

¢ S "?ﬁ (c(:)\:) d £



Noon d’Alembert

u(x, t) = fix— ct) + g(x+ ct)

» O cuvaptioelc f, g Tpoodiopilovtal amd ta apyikd dedopévar.

Mopdderypo
. ou
u(x,0) = sin(x), E(X’ 0) = —2ccos(x)
U (x,0) = '—f("ﬂ*‘](ﬂ-‘ Sim X ‘f"’”*f"‘) = Simx
! \ (
Mt(ﬂ,o\: —c.'f(‘m -Lcacx)s-ic,.ws-x w{@;x

d
‘F(x\ -q(x) = 28imx *C.

<
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Ndon d’Alembert

-e(-;(\-_ 3/9~ sim % 3(‘&\= Simx - 3/2 Simx - - SiMx

——

2
Uy s Lix-ct) +9(xict)

- ’/.zs:m(x-c#.) - Vasim(xick) , nelR, jemR
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MNbon d’Alembert

Fevik1 TepiTrwon

NYon

Pu(x,t) 1 Pulxt)
Ox? ot
du(x,0)
ot

=0

U(X1 0) = F(X)1

= G(x)

F _ F 1 x+ct
ey = DT L

® Aoknon: Kdvte tnv anddelln.
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Uxx - C'g"{tt (o] unulx,o) =F(7‘) “._EL’()D) = g"‘]
M(x,b) = f(x c’c\ + G (3+ct)
Uy (x,¢) = -cf(X-cl:) + cﬁ(x#C(:)

tzo: Jix) 4300 = Fem)
r— N~
_cf(x) tcgq 'x) = gm)<—) - x4 g ¢x)= —S(-aq

f (-i’m +3(§) 3 /{_ S Sz) de flxn”j(x)--/Sme

-
/

| / + Cousd
f(‘i)"' 3(,() = F(‘x) \‘ ) % oMS+
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25(a) = L[

Jia) F(’U + c ( 9(})43 + Cousl.
|

q(x) = ET-—(;‘) + -—J g('g),l} + couth

x
f(v() = %F(x) - ';C J..o 9(7)0(3' - coufl,

U(x,t) = f(z-cl-.) +3("HC£): x+ct

= é (F(v\—cg) +F(= +c£)) + é’c E 9‘.5)2{5

x-Ct



IM’X* - Mgk:O 4
x4l X€ (o) @‘7§ Q)
M (%, 0) =le)= X+4, Xé(-l)O]

(o]
ME(’)D} =0 _l ‘ XG[OJJ

'_\L{xe [o,ﬂ} =
Fex) < GXM)M)Z’(E("”)} re+1) ﬂi'xe(-;,o]‘j 0 ) Sobe

U(x,t) = é(F(z-ct) + F(mcg)) -

- é ((-“ce +1) i]{xe(cl:, CHI)} + (- % - cagn)s \
-_ﬂjxe (-(é, -CHQJ




+ (x(@-@+l) M{'Xe (-hf':, C’c]} ¥ (X +ct+1'\-

ﬂ{zebi"h’“]}.)
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Appoviké KOpLoLTo

j "i (1) A} ""t(ﬂ Do ?(x]

Movobidotaty (1D) kvpatiky egicwon X=) -0

Q?u(x,t) 1 0%u(x,t)

o2 & o "
Appoviké KOporto Q,(.Y, ( ‘i’f) -CsX * 1S imx
N u(x, t) = Aexp{i(kx — wt)} 6‘_0,“' )
Tomva: Y (*)t) M(X,t)} Aed } r, J s
> Kukhik1) ovxvétnta (anguiar frequency): w A =r e‘le

> Apbudc kbpoatog (wavenumber): k= w/c.

Mo k&be k M u(x, t) amotelel Nom tng povodidotatng kupatikic e&lowong yio w = ck.

A(EAwe) 3 (kx-wi +0
"((H\V' Q e ‘ = Y Q:’ (kx-wi*0) ?e(u(x,tl): h(ps(kx -wl-+0‘)
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Approviké KVporTo

Uy =3kU ) 'M"'(X=~|<2"4.

Wypz -dwn Yoo = - W

Uxx ~ C_-"u-tt =0
2 ‘ 2
-k fyzo © w o k‘l v W = c?k?
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Approviké KVporTo

ur + UX+UXXX=0

> Avalntolue appovikéc AOoeLg

u(x, t) = Aexp{ilkx—wt)} = A @ . _w
Ne—— A xk{ " (X L ¢ )}
Txéon Siaomopdc (dispersion relation): w(k) {(K - Ck) c= %

> Acsiyvel Twg Tpémel vou ouvBéovTal 1 ouyvéTNTa Kol 0 aplBdg KOUATOG oTE VoL £XEL
ot e€lowoT appovik® Aoon.
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Appoviké KOpLoLTo

/ut= -{Wu_ 1A;‘= 7)9("4, 14",=-1'l"14,
u}(k) 2
3 - 3 = -
Slw ik~ K20 D (k)= k-)S = Lk
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,‘k‘('. + Uxx + Uxxxx = O ’U\lk,t\ = A{KF WK x - Mr{'g: A kagj(kw ‘v(’k)t)E
Uy = _aw(k) M Wi x =("1¥)Lu MUxxxx = G\‘\‘ﬁlzé k4 U

]

-2,

) Py iKb =0 " C I, +4S

37 4k
\W(K) = arty il S




Appoviké KOpLoLTo

.ErN‘ we ‘-_‘(a- J\() Ko + -é;‘fj w‘(k)gw-(k ) + (K-\{ ) Jw(k) .
— ° ° o) ' 1.0 (¥-k)
i P ST gl

ke

\¥ u(x, t) = /00 A(k) exp{i(kx—w(k)t)]jk/': quk) a’k;'i(lﬂ(l’— .
e -

Wot — (I -ko)uut]
ol k ”

> Y XNUOTIOROE KUROTIKGV TokéTwv (wave packets)
> Ta&devouv pe Tayxvtnra opddag (group velocity) ¢

dw a -
%= =p (Kox wot)'

Ev yével oTal KUMALTIKE QoLvOpEVOL LOY VEL *

1Wk-ks) (x- 14
dk

B

fex- wde 2X)
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SN Metaoxnpotiopéde Fourier (Xpovikdg) k.
Y C= Cq- )
U(x, t)"'u,(x,t) + Ufx, 1) S R

44%(’(ft3 =z Cos ( xX-= *5)
MzLx,t) s c,os(‘zx-st) CsSA ~ GsB= Qcos ak Cod — = £+8

2
Metaoxnpotiopéds Fourier

) = [ e ot j T

AvrtioTpopog petacynratiopnés Fouriéd

'u{)(.t)dt

u(x, t) =

. Wi
L s &€ U
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Metaoxnpotiopéds Fourier (Xwpikdg)

Metaoxnpotiopéds Fourier

U(k, t):/ e y(x, t)dx

— 00

AvrtioTpopog petaoynyrationds Fourier

Ul £) = 2i / FR Uk, 1) dk

T J—c0
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(u. *"41)/&) .t Metooxnpotiopds Fourier
\ J)

My (V% U, 1) =/ U, (z) Uy (+ -T) olz

-
1616TyTeg
IBLétnTa 2 uvdptnon Metooxnuatiopnode Fourier
= TMolamhaotoopde u (B ug(t 2m) LU (W) * Uz(w)
= Yuvé\&n (convolution) u(t) * us(t) U (w) Us(w) «— Ao T
Metapopd (translation) u(t—tp) et UJ(w)
Arapdppnon (modulation) eStu(t) Uw £¢)
ANy H kKipakag (scalling) u(t/s) | s| U(sw)
Mopdywryog (derivative) ulP)(t) (Fiw)PU(w) J.&“ - ‘(t

: i
[IM.(L)uz(t-t\olt E’.w&ale =JM.LU ag e et dy de =
= Ju % naten e fux. (w) Uh
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Metowxnpontwpoc Fourier

TgsSonh - 8‘3’&); (i (S Q ng ekl
u(x, t) = [ A(K) exp{ilkx —w(k)t)}dk R
T ekppdlel To A(k)?

£0 u(ho)- / A exp (skx)dn

_ Ale)= - U (x,0) = -,— {'R(}go)}
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Metaoxnpatiopédg Fourier

Mopdderypo

Bpeite tov petooymuatiopd Fourier tng deiktpiog ouvdptnone (indicator function)
u(t) = 1[,7—77-](1'), T>0

. T \ h I
V(o =} Ulw) = J ﬂl“ - (+) e‘wka\t =g e’“"" de =00
v )
— (e~ ™)
\ ' = — ol4
1 ' W
- T 1
K ' _ —wi
™ ¢
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Metaoxnpatiopédg Fourier

Mopdderypo
Bpeite tov petaoynpatiopnd Fourier tne u(t) = X2 6 nT), T>0. U(U) _e
-J
T ’3-‘. "11 — 37 - -- t

S L‘h '”‘T) X 4 kawow Ve Z

400 . —
S (4-~T) ewL di = eoum

f ‘Qx«o) ﬁx)a(*-_ Q(Xa)
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M1 opoyevig kupartiky e&iocwon (1D)

‘40&1;)

Uy — C 2up+f=0

U(X1 0) = F(X)1 ut(X» 0) = G(X)
Ou opicoupe 2 amhovoTepa TPoBAfaTY

MpdTo mpdPAnpa (M1)
Vyx — C72Vtt =0

V(X» 0) = F(X)1 Vt(X» 0) = G(X)
‘Exel yvwoth Abom (d'Alembert)
F(x-ct) + F(x+ck) I’““

— 4 —
1 2@

V(J(,{;\ =

G(r)dg
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M1 opoyevig kupartiky e&iocwon (1D)

Acvtepo mpoPAnpe (M2)
Wix — € W +F=10
w(x,0) =0, wi(x,0)=0

Nippro

Eav v, w ot Nooeig Twv 1,12 avtiotoiye, téte 1 U = v+ w glvaw 1 Adom Tng pn opoyevoig
KupoTiknic e&lowonc.

ASpsilods  Tis  txicoeug Ya v, W
u Ts dpxiveg bkt
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M1 opoyevig kupartiky e&iocwon (1D)

Mo tnv avtipetodrion tov M2 Ba opiocoupe dAho éva Bondntikd TpdPANLa

Tpito mpéfApe (M3) l»v ‘ﬁw 4“,{0 T

Go(X, ;7)) — ¢ 2qu(x, t;7) = 0,
vt q' (xit; C)
q(x, 7’:,—7.'.) =0, qix 7",—7.") = fix, )

Fxt58) =0 q,(x,t;5t) = Cex,)
Nippro
Edv q(x, t;7) amotehel Tn Noon Tou M3 téte Wx =

w(Xx, t):/o q(x, t;7)dr

atoteiel Aoom tov 12
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M1 opoyevig kupartiky e&iocwon (1D)

k4 bx
j':( J’f:x: if*ﬂ:)al{) = j " %( :r('x,t)al{; -\-‘P(x,b(x))],'lx)

o{(x) |
= i(«,a((x)oc (%)
4
w,,x(*,e):J ﬁ.xx(x,t;c)alt.
: \
W (%,t) = [a ﬂ.t(x,g;t) de + ﬂ,(x,t;t) Ct:r(‘x,t)

t
Wy (%4%) =I ﬂtt(",ti?—)dt + %L*ati’c)
o

z J: flqt;de 4 2 fcx.t)

¢ ar, we _-Jf‘c-2 9, ot de + )
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S

7Wi/1i/ opoyevig kupartiki eiocwon (1D)

T Wi -c Wy +f:0 W(xerzo , Wi(te):o

¢
Wxx - C-QW'fk = J; {q-xx (x,t52) - C‘Qﬂ-“(xﬁitg*b - f(x,{:.)
1 )

o (w3

t 0
W(x,¢) = j ﬂ_(X,t;C)C“C - Wix,0) :J -— O‘z:o

]
Uilf) = [*q (ende = Gt 2] - dezo
D}
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M1 opoyevig kupartiky e&iocwon (1D)

Nbon Tov M3

?‘xx (x¢;z) - C.iitt(’('tit)‘-o 132
AeR)= 0 gt A ey
=t-o

ixx(’(,f) ‘C 1 (x.a o
a(x,o) ) ﬂ_;(x 0)= el ;t(x 2)
Z ’“C(-ﬁ-b)

?’(x,t c),_ *
(x,
X Ch‘@%{

T)
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M1 opoyevig kupartiky e&iocwon (1D)

U — € 2up+ F=0

U(X1 0) = F(X)1 ut(X» 0) = G(X)

L1}

Ndon tov TpoPArfpotog Tl'i

T3

_ xct 7| pxre(t—r)
utr ) o LA L L[ Glerag S

x—c(t—T)

A€, 7)dg
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Uk ~ ¢ 2uy, + HOY HE) =0 Lx0 = Heo Heo L) 3o
'u(x,o);?u) Uy(x,0) =0, H(E\ = { )

X4C(+-~2) © / edkwe.

Xt+cC (k-?-)

Hz M3 a[g = H(») j H (%) c{g.

X-c (t-2) - C -

A SR

T 5 7
! o x +C(4-2)
X-c4-2) >t (et)
@ X-C(t-2) >0 = &C’Qf;};) T=H{ J 0[} :QH[ﬂc(%—C)
X - C (#~1)

@ X - c(4-T) <« 0 ¢ x+c(t-2)
R-clery <X < cli-v)

1T

n

x4 C(¢-T)
R (=) j Ag: Ex-yc(bﬂll—}@)

T



@ }H(r)-oai-c=0.

‘E J -1t2 C 2
[x4 ce~-) ] de = xt+C(i—_6L),: xkt /%

R 2

®
®



Kupatiky eicwon otov xwpo (3D)

@3

Y11 ovvexela Tov pabfipatoc o auoyornBolue pe TPofAUATA TIG LOPPTIG

9 82 82 82
” X = (x1,x2,%3), u=u(xt), f=Aflxt), V :a—x?+6_x§+a—x§
3
u(x,,X,,Xs,t) V:(i ,l ,l
92y 3’(' ?”X, X
Viu— ol =0, 2
or Vizv.v

)
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ESlodocig vpopptkg ehooTikdTTog

Aev Bal LENETHOOUPE TNV TTOPOLYWYT TNG Y POLLUKOTIOLNILEVNG KU}J.OL'L’LKT]C e&lowonc.

Avapépoupe OwG GTL TPOKVTITEL XPTOLLOTIOLDOVTALG Xs

> Aathpnomn péloc
> Awctfipnon oppric.
> ALTHPNON OTPOYOPUTC.

Y vppoliopoi
ou ou;
k any ik an ¢
. ou o 0%u
ot T o
Meyé0q U,

> u - ALdVUopol LETATOTHOEWV.

T T Tia
Ta Taa T,_;
T3 ] Ts 2 T';j

> 7; - Tdoeig (Sbvoun avd povdda smtp‘%’a)stocc), opifouv (ouppeTpkd) Tivoko tdoswv X.

> f - §ovayn medlov. "1 s (:P' ft ‘,f,)
~ ' ]
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