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1. Eicaymyn

SSAIEDIOEVa0 :émgﬂi — m'moqm

or Mn-r B - S —n ——
Mr PDEs J\ _J', "rl\/ }/H / MF clereldz) EE" GFEMIGHASH

-q..l-'

<Duou<r| e MYA (MHD) nAdoparoc,

ACKIE rrug TIKCI (H2)/HAeknpopayvnrika (HM) kupara,
IV J‘h{g Bewpia mAaopatoc (Landau, FPE),

KDUOTT Al o€

ﬂ,sty P/asmas complex Plasmas).

_, _ 6|0600r| KOG|JIKI‘|C; akTivoBoAiac otnv AGTPOPUOTIKI), ...

ApioTepoaTpo®@a YAika (LHM), NL metamaterials, BECs.
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s 2. Ospariknemioyn

@él.lﬂ 0= MV SCHL e

J WBYiE)0/10/107]-- PEUGTBUVAIKS REPIVAAMH| MAGGHATOG,
nAr|weel wUa<aY e eviegtiay: . ,

H-Voay

+ the;r_fm viscosity, anoofeon, duvapikn GopTIon, ...

J @:fiu #/7(0 evolapepoy 1; ANiadoor EVTONIOUEV®Y. KUPJATOMNAKETWY

== (envelope solitons), evepyeiakog evroniouog (localization),

=== dorabeia oiapopewong (modulational instability), ...

ij*‘:—? Qéé)pﬁrl'/(é svolapepoy 2. 2UVOEDT UE To onAooTacio TnG Mn-
] VPAUMIKAC Duoiknc - E€lo. KdV vs. NLS, pseudo-Hamiltonian

- ~ mEpIypAdN.

. Epappioyr: oUyKpIon UE 00pUPOPIKEC napaTnpnoelc (ESA
Cluster), neipapaTikeC MAPATNPNOEIC.
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Alauop®won nAatouc (amplitude modulation): :
VA IGVIaNOUAAPWY. J-YPaHIKOG ,L_/QXG‘L(‘QJ@'C" ——_—

The amplitude of a harmonic wave may vary in space and time:

———————
———————
[= B

~ This modulation (due to nonlinearity) may be strong enough to lead to wave
~ collapse (modulational instability) or to the formation of envelope sofitons:
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. Cluster 2

4 |. Kourakis ef al,

| '“WWW "w WM\\ “ WWWWWMW Nonlin. Proc.

Geophysics
(2005).
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filter 40-50s

AL TPPETE
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F(t) filter 80-125s
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time (hra)

1

FAST OREIT 1750

e FAST data from:
c Bl ©. santoliket al,
5 50 B8 J. Geophys. Res. 108, 1278 (2003);

T e oo U Frgeny i R. Pottelette et al,
Geophys. Res. Lett. 26, 2629 (1999).

Figure 2. Leff: Wave form of broadband noise at base of
AKR source. The signal consists of highly coherent (nearly
monochromatic frequency of trapped wave) wave packets.
Fight: Frequency spectrum of broadband noise showing the
electron acoustic wave (at ~ 5 kHz) and total plasma fre-
quency (at ~ 12 kHz) peaks. The broad LF maximum near
300 Hz belongs to the ion acoustic wave spectrum participat-
ing in the 3 ms modulation of the electron acoustic waves.



019 PEUCTOOUVAUIKO HOVTEAO MAACHATOG
-

Density n., (continuity) equation:
dng

5 TV (naua) =0

Mean velocity u,, equation:

3U&+uﬂ.vum i _ﬂv@_ 1

ot mg Mg

Vpa

Pressure p,, equation:
Ip,
# -+ Uy - Tf—-}n = T P T " Uy
ot

The potential ¢ obeys Poisson’s eq.:
V2d = —Ax Z gart g = dmeln, — Zing + )

a''=a f{a')

Ref. |. Kourakis ef al., PRE (2004); Nonlin. Proc. Geophysics (2005).
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— 1st step. Define multiple scales (fast and sfow) i.e. (in 2d)

B . T SR e R

Vo= 3 IYA =Y. }”nggy,

Tt AT et et e
W

~ —2nd step. Expand near equilibrium:
*ﬁ""; N, & nﬂ1ﬂ+fnﬂ11—|—62 N2 + -

=5 2
T Ua A0+ el 1+ € g+ ...

- _- Pa ™ Pa,0 T €Pa,1 +€2pg_~g + ...
bl +edy +elda + ...

(Pa,0 = napokpTs; € < 1is a smallness parameter).

Ref. |. Kourakis ef al., Phys. Rev. £ (2004); Nonlin. Proc. Geophysics (2005).
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15° [Ipo[S0AN oo Xwpo Fourier — yeveon d

— 3rd step. Project on Fourier space, i.e. consider vm = 1,2, ...

i1 m
Sm £ Z J,_::}.!!l;-m.j {__ii[_k-l'-u..'f':l 4 é‘émj 19 Z ﬁfgmj prees ka Ippy n..:.:!"]

[=—m =1
fDr Sm = (ﬂ-7n._, {'u-;]::lm! UF!m}._,p-ﬁ]_! Fﬁfn}, i.E. E‘SSE”HHHF:

il — f.r:r.gl:' e ﬁ.clij cosf . ng = n-E.E:' e ﬁ':lgz' cos 4 ﬁéﬂj cos 26, etc.

— 4rth step. (for multi-dimensional propagation) Modulation obliqueness:
. the slow amplitudes &\, etc. vary only along the z-axis:

ST G XA T j=12 .
while the fast carrier phase # = k- r — wt is now:
k.x+ R:yy i = kTS e wih Y,

Ref. I. Kourakis ef al., Phys. Rev. E (2004); Nonlin. Proc. Geophysics (2005).
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A

a

d Compatibility equation (from m = 3.1 = 1), in the form of:

g {p 4240
B (2

+ QY =0.

l.e. a Nonlinear Schridinger—type Equation (NLSE) .
3 Variables: ( = e(x —v,t) and 7 = €* ¢;

— [ Dispersion coefficient P
= P_lﬂ'zm_l TR ,kjhillgu
=29k T 2 w (k)ecos” a 4+ w'( T

O Nonlinearity coefficient (J: ...

A (lengthy!) function of k, angle o and T, T3, ... — (omitted).

Ref. I. Kourakis ef al., Phys. Rev. E (2004); Nonlin. Proc. Geophysics (2005).
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=> For PQ > 0: Modulational Instability,

~ may lead to __Envelope Solitons

_______________
VY oY ¥ 40

-20 -10

=S For PO < 0: Stable wave packets,

‘.—-—".:-._-:- =

= may propagate as Enve/ope Solitons
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AAGKTIKO UN-YPAMMIKO “oevaplo” peuoTou NAAopATOC 1:
' -~ ———
- Avaywyikr Oswpia Alarapayxwy, uéow&a(p‘c?&m(oo scaling
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QAAQKTIKO UN-YPAMMIKO “oevaplo” peuoTou TTAAOUATOC 2:

Ref. W. Moslem, |. Kourakis and P. K. Shukla, Phys. Plasmas (2007).
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BN CEWPIIIKO. EVOIAPEPOV:

S I\eyparog (Jattice solitons),

= TIPOTEPN YVWON YIa OIEYEPTEIC

+ extra dusty plasma effects ...

EQaprioyr: '
ME] p(] IJGT[ KEC na pGTn pno-glql meshed electrode rectangular electrode

A 1 g FIG. 10, Expenmental confisuration for forming a linear dust chain above a
TrIEr] (meltl ng), OOAITOVIG 1 long mectangular box on a negatively biased mesh electrode.

From Takamura et al., Phys. Plasmas (2001)
14
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(i) Sheath environment (anharmonic vertical potential):

1 el
D(2) ~ B(20) + 5 LM 70700 ?Mc:t-(ézn)g+fbfﬁ(6zn)4 A

cf. experiments [Ivlev et al., PRL 85, 4060 (2000); Zafiu et al., PRE 63 066403 (2001)],
0zn = 2n — 2(0)s @, 3, w, are defined experimentally

Ll x i

{ ,h-w-

E\ =
L "":"“*"

1.
|.- J'"""-l-.ﬂ
A

J-""\-l'--lk o' o™

Fa L oHaT

Figire 3 (a) Forees and (b)) crapping potential profiles 17 2] as funetion of distanee
from the electrode for: o = 2% 108em 2 (solid line). no = 3% 10%em 2 (dashed line),
np = 4 x 10%m—* [dotted line). The parameters are: P = 4.6 muorr, Te = 1 €V,

T, =Ty =006V, R=25 pm, pg=1.5 gem™3, gy, =6 V. Source: Sorasio et al. (2002)‘

|. Koupakng, EATI, 28.04.2007
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(1) Interactions between grains: Electrostatic character
(e.g. repulsive, Debye), long-range (yet charge screened:

ro/Ap & 1), anharmonic; typically: Up.p,e(r) = '{_—fexp (=r/AD).

Expanding U;,+(7nm) = Uint(v/(AZnm)? + (Azym)?) near

equilibrium:
Awn?n =Ty — Tp_m ~ Mro, A;:nm —= 2n/ T Z2pn—m ~ Ua

one obtains:

e AT ;
Up(1) = ﬁﬂmgo(mmn)g +gamfn‘[_,(a,:m)2

1 iy 1 :
+§u.30(/_\arnm)3 - 111.40(A:13mn)4 + ...+ Tum(/_\::.,...,_m)J‘ i

4
1 ; 1 o f
Jraulg(Air'-’”?’l)(azrwn)z i ZTLQQ(Air'nm)g(Azn-m)z g

|. Koupakng, EATI, 28.04.2007
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- - '
() Mode coupling also induces non linearity:
anisotropic motion, not confined along one of the main axes
(~ 2, 2).
N;

el

cf. A. lvlev et al., PRE 68, 066402 (2003); |. Kourakis & P. K. Shukla, Phys. Scr. (2004
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d*(6x,, d(dx,,)
i
L/

2
ST A0 5.7 = Wy (041 + 1 — 202,)

—azap [(531:?14—1 Fi; 53371-)2 o (533?1 i 541:?1—1)2

+ asp {(511771-1—1 Ta 5:1:71)3 TH A (537?1. iri 53}3?1—1)3} + ap2 {(b “n+l1 — 'hfvﬂ) F g {\rj' T 5371—1)2

g [(5:En+l ¥ 5;E?1)((>Hn+l ¥ 0”"’ ) (51'?1 =3 5:8?1.—1)(531?. = 53??.—1)2j| H

(f“{(’) ) d(0z,) 9 y ] i 5
(h“n i {H.? 7 i (203” — 0Zpt1 — DEn 2y ) 4 Wy 025

aps

{(‘) +1 — ) "ﬂ) (5271 T 574?1—1)3]

== I{l ((53?1)2 TF I{Z (5’31.&)3 +

0

+2 ap2 [(51'?14—1 L 5:3?1)(53714—1 & 53?1} I dd (5]-" 5:’3?1. l) “n 52:1—1):]

— Q12 [(5I71.+1 A 53:?1)2{5::%-1-1 ¥ 52?1) o (5 5rn 1) *‘n 5’:?1—1):' .
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From: (left) Kourakis et al, PoP (2005); (right) Liu et al, PRL (2003).
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ulse solitons:

Kourakis & Shukla, PoP (2004);
, Boussinesq

ibid, EPJB (2004);
Koukouloyannis & Kourakis,
PRE (in press, 2007);

=
a
g
ic
g
E
8

Samsonov et al, PRL 2002.

- -
T oy
T ——
g
——

asymmetric bright envelope solution

LBL-asymmetric
envelope solitons:
(modified NLS)

+ DBs (?)

total displacement u
displacement ul

-7.5-5-2.50 2.5 5 7.5 10
position x

|. Koupakng, EATI, 28.04.2007
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Fig. 2. Vanous photos of rogue waves.

Kharif & Pelinovsky,
Eur. J. Mechanics B/Fluids (2003)
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PRL 97, 094501 (2006) BHYRLICAL REVIEW LETTERS | SEPTEMBER 2006

Instability and Evolution of Nonlinearly Interacting Water Waves

P. K. Shukla,' I. Kourakis,” B. Ehasson M. Marklund. and L. Stenflo’

'Centre for Nonlinear Physics, Department of Physics, Umed University, SE-90187 Umed, Sweden
Institut fiir Theoretische Physik [V and Centre for Plasma Science and Astrophysics, Fakultdt fiir Phvsik und Astronomie,
Ruhr-Universitidt Bochum, D-44780 Bochum, Germany
(Received 16 February 2006; published 30 August 2006)
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]_x j} angle of # = /8 relative to the dichotome. Added to the initially homogeneous wave envelopes is a low-amplitude noise of order

1073

/K to give a seed to the modulational instability.

Cf. Onorato et al., PRL (2006)

|. Koupakng, EATI, 28.04.2007
www.kourakis.eu



PLIVSORGEI)

SCIENCE : PHYSICS : TECH : NANO : NEWS — = — - =
-] PAOWVO CBOBOOA

Home ” Nanotechnology ‘I Space & Earth science ” Electr _

Materials

: Mopepx bapeepos - iporpanma Hiopa Mowepanuesa | Real Sudio - Windows Media |

All subcategories Hoeocti . B Poccii . B uupe . ObweciBo . 3koHoMKa . Kynbiypa . Hayka M TexHonorum . Cnopt

Papuonpompannibl - Pacrkcarne . Apxne . Dopys . O Paguo Ceofopa - KoHTEKTEI

Published: 15:58 EST, September 13, 2006

== [nasHan f Hayia u TexHonoma

Hayka u TEXHOJIOTHH

New theory (and old equations) may explain causes
ship-sinking freak waves ©
s

FWraHTckMe oKkeaHcKne BOJIHBI ONMUCBIBAKTCA YpaBHeHWeM LLpenuHrepa

A freak wave approached this oil fr
Languedoc, near Durban, South Af %
rnasts are about 82 feet ahove sea =
which broke over the deck, caused
Photo credit: Philippe Lijour.

AnTod Obpazuoe
18,0906

. MEEJ’\E‘,D.DBETEJ’IH DEHEFIY)KHJ'\H, NTO TMIAHTCKME DKBEHWHYECKWE BONHBI NOAYUHAKITCA YPEEHEHHH LUPE,D'HHI'EFIE — OCHOBHOMY
| YPAEHEHMH) KEAHTOBOA DUIMKM. [HIAHTCKKE BONMHEN — HENWHERHEIE 04HHOMHEE BONHEL, HHOTAA BOZHKKAKILME B OKBAHE W
CRYHALLME NPHYMHOR ruBen cyfoe. BrCoTa Takk: BONH MOXET BocTirate 60 meTpos

Sror HEEI)KH,D'EHHH;I YALTAT, EBHAETEJ’IbETEy}'DuJ'Mﬁ of YAMBWUTENEHOM BOWHCTEE ABJIEHMH NPUPOoAbLI HE CAMbIX PEa3HBIX
b TOATYHAA TRYNNa ¥9eRER We Yrueepcutera Yuea (Umea University) g Weeuwn v Pypokoro yHueepcuTeta B

Boxyme (Ruhr-Universitast Bochurn) 8 Fepmadid. THEAHTCKHE DKEAHMYECKME BONHE NOAYMHAKITCA YPAEHEHHH

KBEHTOEDH (H3HKM, ONUCHIBAHILLEMY NOBEAEHHE SNEKTHOHA M JpYIHx

F Physical Review
i 5

{issue of 1 September 2008)
Title and Authors

iy B |
D17 e

--.n--.,

KBEHTOBOMEXAHWYECKMK 0BLEKTOB.

TeopeTHYeCKoe HCCNEAOBAHNE LUBEACKAY H HEMELKWX YUEHEX NOKESEIBAET, YTO THIAHTCKHE BONHE BOIHUKAHT B
HEKOTOPEIX YCNOBHAX NPKH CYNEPROZUUMKA 0BEIMHEI BONH, HAKNAABIEAHLWLHECA APYT HA APYTa N0 ONpeaeneHHbIM
HebonewWwwm yrnom. [Tpn 3T0M NRPOMCKOAMT HENMHEAHEIA POCT AMNANTYAE, No400HD POCTY aMAAMTY AL KoneBanui npu
PE3OHAHCE.

M

[FUBLIC DOFAIN]
Toprokas eyawo ¢ Eucraficram sanuee
CTonKMynOCk © MMraKTCKod sonHod. doTe

Hatianal Oceanic and Atmospheric
Adminiseatinn R e e

Waves of Destruction

The mavie Poseidon features a giant wave that
comes out of nowhere to flip a star-packad ocean
liner. Such freakishly tall waves in the middle of
the ocean are no longer considerad fictional,
thanks in part to recent satellite olvzervations and
computer simulations. In the 1 September FRL, 2
team describes a new simulation where two wave
trains mest at an angle. They observed so-called
rogue waves appearing more rapidly and looking
mare realistic than in other simulations.
Researchers in the field hope that better
understanding of the causes of such waves will

Wie entsteht eine "Monsterwelle"?

Berichte liber haushohe, so genannte Monsterwellen oder "freak waves" sind kein
"Seemannsgarn”. Spitestens seit der Begegnung des Kreuzfahrtschiffs Queen Mary
2 im Jahre 1995 mit einer solchen Monsterwelle weill man um deren Existenz. Wie
sie entstehen, haben Physiker der Ruhr-Universitdt Bochum und der Universitat
Umea in Schweden nun erstmals analysiert und simuliert.

Das Ergebnis ihrer Berechnungen: Treffen zwei Wellen in Geo-/

einem bestimmten, relativ kleinen Winkel aufeinander, Naturwissenschaften
konnen sie sich gegenseitig "aufschaukeln” und die Klicken Sie hier, wenn Sie
normalen, stabilisierenden physikalischen Effekte des mehr zu diesem und
Wassers aulier Kraft setzen. Im Falle dieses nicht-linearen anderen spannenden
Verhaltens von Wellen entsteht eine neue Instabilitat. Themen rund um unseren
Begunstigt durch starke Stromung und - entgegen gesetzten  Planeten wissen wollen.

- starken Wind kann sich daraus die gigantische Welle
kontinuierlich aufbauen. Darlber berichteten die Forscher vor kurzem in der Zeitschrift
"Physical Review Letters".

geoscience
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THE SWEDISH RESEARCH COUNCIL

10 August 2006 Small wavqr?can produce monster waves
Neues Zwei-Wellen-Modell

Grundlage der Berechnung sind die so genannten Schrodinger-Gleichungen aus der
Quantenmechanik, die eigentlich dazu dienen, das wellenartige Verhalten von Elektronen
in Atomen zu beschreiben. Die Bochumer Physiker Prof. Padma Kant Shukla, Dr. loannis

Normal waves can unexpectedly turn into waves the size of a ten-story building. What’s more, these monster waves arise many
times more rapidly than was previously thought. This has been shown by researchers at Umed University in Sweden,

It is generally known among seafarers that in normal waves you can suddenly stand eye to eye with 25- to 30-meter waves,
so-called monster waves. Unlike a tsunami, which is formed by powerful earthquakes at the bottom of the sea, monster waves
arise out to sea among regular waves caused by winds. These monster waves are believed to have caused many shipwrecks
through the years, and it is well known that oil platforms, like those off the Norwegian coast, are occasionally shaken by these
Waves.

MTw, under the direction of Padma Shukla, scientists
Ioanrw Kourakis of Ruhr-Universitat Bochum, Germany, have shown that normal random small waves, from gusts of wind, for

an suddenly give rise to monster waus the conditions are right, these monster waves grow by ‘borrowing’ energy
fram sv.uroundmg Waves, 3 so-called non-linear s-ff@ct and these scientists have now managed to use computer simulations and

such waves grow to enormous proportions many times more quickly than was previously believed.

=gt Eliasson, Mattias Marklund, and Lennart Stenflo of Umea University and

other methods to produce images of how these waves are created. The results achieved by the UmeS researchers also show that

Kourakis und Dr. Bengt Eliasson und ihre schwedischen Kollegen Prof. Mattias Marklund

und Prof. Lennart Stenflo wendeten diese Gleichungen auf das Verhalten von Wasser an,
dadurch konnten sie eine neue Theorie tber ein "Zwei- Wellen-System" entwickeln. Prof.

Shukla: "Zwei nicht-lineare, miteinander wechselwirkende Wellen verhalten sich demnach
ganz anders als eine einzelne Welle, die normale Instabilitaten zeigt und sich in mehrere

kleine Wellen auflost, die dann linear zueinander verlaufen."

Aus zwei nicht-linearen Wellen resultiere indes ein "neues Verhalten" des Wassers, zum
Beispiel die Entstehung regelrechter "Wellenpakete" mit dreimal héheren Amplituden als

Naturkatastrophen
Gefahrlos Katastrophen
simulieren mit
eindrucksvollem Lerneffekt!
Von Vulkanausbrichen
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10 August 2006 Small wavemcan produce monster waves Physical Review Letters”.

Normal waves can unexpectedly turn into waves the size of a ten-story building, What’s more, these monster waves arise many Grundlage der Berechnung sind die so genannten Schradinger-Gleichungen aus der
times more rapidly than was previously thought. This has been shown by researchers at Umed University in Sweden, Quantenmechanik, die eigentlich dazu dienen, das wellenartige Verhalten von Elektronen

It is generally known among seafarers that in normal waves you can suddenly sta
so-called monster waves. Unlike a tsunami, which is formed by powerful earthgu
arise out to sea among regular waves caused by winds. These monster waves ar|
through the years, and it is well known that oil platforms, like those off the Norw
waves.

, under the direction of Padma Shukla, scientists Bergt Eliasson, Mattias Marklund, and Lennart Stenflo of Umead University and Aus zwei nicht-linearen Wellen resultiere indes ein "neues Verhalten” des Wassers, zum
Ioanrw Kourakis of Ruhr-Universitat Bochum, Germany,

fram sv.urcsundmg Waves, 3 so-called non-linear s-ff@ct and these scientists have now managed to use computer simulations and
other methods to produce images of how these waves are created. The results achieved by the Ume3 researchers also show that
such waves grow to enormous proportions many times more quickly than was previously believed.
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== [nasHan f Hayia u TexHonoma
New theory (and old equations) may explain causes Hayia MTeHaroTd
ship-sinking freak waves TUraHTCKNe oKeaHCKHe BOJIHbI OMUCLIBAKTCA YpaBHeHUeM LpenuHrepa

A freak wave approached this oil fr
Languedoc, near Durban, South Af
rnasts are about 82 feet ahove sea
which broke over the deck, caused
Photo credit: Philippe Lijour.

AnTod Obpazuoe
18,0906
. MEEJ’\E‘,D.DBETEJ’IH DEHEFIY)KHJ'\H, NTO TMIAHTCKME DKBEHWHYECKWE BONHBI NOAYUHAKITCA YPEEHEHHH LUPE,D'HHI'EFIE — OCHOBHOMY

YPAEHEHUHD KEAHTOBOA M3MKW. [HrAHTCKHE BONHEl — HENMHERHEIE OAMHOMHEIS BONHE, HHOTAA BOZHHKAMILLWE B OKBAHE M
CRYHALLME NPHYMHOR ruBen cyfoe. BrCoTa Takk: BONH MOXET BocTirate 60 meTpos

3TOT HEOKKAAHHEI pesyn BMIETENLE Ly 0b yAWEHTENLHOM BAKHCTEBE ABNEHWA NPAPOALI HA CAMLI PE3HEIX

Y POEHAR T TTOTYAHIE TRyar HETH W2} aTa Ymea (Umea University) B Weeyun v Pypokoro YHUEEPCHTETS B
Boxyme (Ruhr-Universitast Bochurm) B Mep . THPAHTCKHE DKEAHMYECKME BONHEN NOJYMHAKITCA YPAEHEHHH
AT ’ OW H3HKM, ONUCEIBAHILLEMY NOBEAEHHE SNEKTHOHA M JpYTHx

HEMELEWY YYBHEIX NOKAZEIBAET, MTO FTMFAHTCKHE BONHE BOSHUKAHT B
BINHBEL BONH, HAKNAABIBAHWWECA APYT Ha Apyra nog onpejeneHHeM

The mavie Poseidon features a giant wave that 3 o
comes aut of nowhere to flip 2 star-packsd ocean Wle entste ht eline " M OnSte rwe I | e"?
liner. Such freakishly tall waves in the middle of
the ocean are no longer considerad fictional,
thanks in part to recent satellite olvzervations and
computer 5|mula‘t|un5 In 1hE 1 September FRL, 2

Berichte liber haushohe, so genannte Monsterwellen oder "freak waves" sind kein
"Seemannsgarn”. Spitestens seit der Begegnung des Kreuzfahrtschiffs Queen Mary
2 im Jahre 1995 mit einer solchen Monsterwelle wenl man um deren E)ﬂs!enz WIE

geoscience

-online.de

mals analysiert und simuliert. Das Internetmagazin fiir

Dds Ergebnis ihrer Berechnungen: Treffen zwei Wellen in Geo-/

einem bestimmten, relativ kleinen Winkel aufeinander, Naturwissenschaften
konnen sie sich gegenseitig "aufschaukeln” und die Klicken Sie hier, wenn Sie
ormalen, stabilisierenden physikalischen Effekte des mehr zu diesem und
Wassers aulier Kraft setzen. Im Falle dieses nicht-linearen anderen spannenden
Verhaltens von Wellen entsteht eine neue Instabilitat. Themen rund um unseren
Begunstigt durch starke Strémung und - entgegen gesetzten  Planeten wissen wollen.

- starken Wind kann sich daraus die gigantische Welle Weiter!

kontinuierlich aufbauen. Darlber berichteten die Forscher vor kurzem in der Zeitschrift

und tan of the causes of such waves

or further information, please contact

VETE NS KAPSRAD ET Please register to view contact details

THE SWEDISH RESEARCH COUNCIL

Neues Zwei-Wellen-Modell

in Atomen zu beschgeiben. Die B chumer Ph |ker me Padma Kant Shukla, Dr. loannis
Ko i

ganz anders als eine einZ€lne Welle, die nurma!e Instabtlltalen zeigt und sich in mehrere Naturkatastrophen

kleine Wellen auflost, die dann linear zueinander verlaufen." Gefahrlos Katastrophen
simulieren mit
eindrucksvollem Lerneffekt!
Von Vulkanausbrichen

ve shawn that normal random small waves, from gusts of wind, for Beispiel die Entstehung regelrechter "Wellenpakete” mit dreimal hoheren Amplituden als

an suddenly give rise to monster wa

fthe conditions are right, these monster waves grow by ‘borrowing’ energy
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