guﬂ%a(’_&, waves own COMKSUM o Vv oz

Q N Zauhae/ and
Al ."byt\d—h\f‘:"

JRERENY D
o m
\T:\Tlc'f: g

pe=g £ E—Eq_o—
d?\am\, e q
A =0 e 1_&
VL Sk ik v
-
iT
o=
¥l d
T:’:%E:S:*-—a?\ }06&7‘.0
o0 i .t =
ta 2AAE 3
H\.‘&'—i‘h 2-"“"";, H
o _;‘*"LH—* =
¢S =D
g oy Sk






- N ~ |
%Jc*"-l Bbedu :
K\‘Y bu “‘%tﬂt’t e 't\(\“( Ty ”1&“(\&\"“3(‘*“*“‘3?
©
L Ku2eninov | e oo, Z ane \ans~ 12 oy A
# o
AR U
M = \ZHA (e Ru~ ¥e “3\13
y = H\wnl‘:
l_: T S R
o=
= g e Fax oL Huj
i L—MF #A‘__E___m |
o ‘4
N h = Ktk g 3 o -
W\.ﬂ = 2 - oz | w oS L}) ey %

e Tuler- LR‘YU"“-H- R ullsy

SBLC\% -
Fm_. slatio h,q_qg 5 I'O‘l:.n..ﬁ R
T = Sy g4 = Y
Tt L
w/’
hs =3 (e %639 )

Cc\uquM *"’ the. N-th;w.-
equarow fo Glakomang  wauza.



W Ampat  “Auaben  tan Wubkw  (n TRl
K ﬂ.m.l{hf‘cﬁ_ﬁ“;._..;_ A _&h—*ﬂ-"
; b L]

—C}_,\L:a e _‘Q"ll.+ &
* = ,
O

with  raspect

S -0 S
Rise % b %

' Mot mad 1wl ® ™ (S mple th's
The  dovws X

! ‘\ h"\,\&tc-&-: \ . L] o

i sy

l{"b‘: ven iﬁﬂ‘
Lok tuly



Q) TMPRERE fcah by
P ] '
CP:\“F-E:.H\I 't =% d

o W TSR, 2,8)
®, ¥ e cwwalyr

fn Ada  Cowen hatg-

\?E&m Peoiec how ohan atns
T 2
For  Qwy S Thov i !
| "
I % ~ o U3y . shawlant ’
Qﬂ"ﬂ"‘\‘l‘,}. a\f\m

CP*L.U‘%"‘Q) p
W= 4F 0% (P—&-‘? “>tS

o8 =““LP§.)3KP_QP o ?J@“ vk
O =-4i¢ L(P'G‘k ; )"Mi“&iﬂg

[‘IB_’,_ @_qu%'bus %oal Q\’l " \'\ﬁhmﬂhu e

p - 4 V =tRR =3







=¥
® Hfﬂ'c"‘ ~ 'l-é g‘g. (¥ ~4) dan

TWia ts po\.z.ut-.l&)_ NGy B:g. the Ll-t_a-e,
Llzenie Dlid  with ey combucK
e setdace WRoawd P aette  Reed
o (‘.D-.%—cii-ns.

L\ves de
| e,
- T(RR ~A
p=4d&P( wm}fﬁ}

i 5 obsemce ﬁ‘. 0&%-0«—1-3- m\ptkp_“m
9 ua e w ~ead

R, =< (Wi~ R W)
i Ve = L&u\)‘._—m'—- RP') +y ()
A, e ¢ eV AR V)
g =7 VYD
T.& 4 <O thwis Mmiumt:ﬁ 'LE.'
5w s o ove  @uolyfousl 29 kMW

v= 4k q= V=

F‘-“—"D‘Q&— b &ze ( Wﬂfﬂ_\s WQ'JQg]
Dyac‘emwo  2quakon P

‘Z’L: \ (l.l Qu"‘ Q'bq’)

Ve =d (V=" gL + 4 (2-0)



B
h%xd\_)} wle. w“f-—Qﬂ-&&_ﬂ%

;i::‘f‘-“ g ’k‘:\kf\_n_g_ A
Stk e egu el On > \
S : e~ .Q\awa.ﬁ
"I‘ .t .
® UG Ko Ltomian  2aus how =
28OS

= Ewﬁﬂ.ﬁ- = \_C{ﬂ\ﬁu.q:..
@ E?‘ wc:_\_ Poiss
LQN:L;. s D\JQ‘aﬂuh;w

g & ? k‘ﬁm\

1413

QHLQH

Qmm ..Q_ O.Qv. U\\"b'hs




|
4 % z dw =°
. & \ — cowt
%@'Aw ‘“%%z‘m
di
U a e e~tas
g %
\QL)G;k --O
TK Q = O Mhuu o NVPNR S
. e a: Q% o\ RO
5\ T U ewew



Fr  Dyackenss 28 weA oue Zend % R
'y shmchuasly & \obde

L= alw-™ N
u.‘ e
O e ku\wra\ T-; =%
BT
Ig. — hotk  comens ba Wou *&‘ Feows,

@MT{D-"- u. = Cﬂuﬁﬂ > il MMUG'QQ“]"
"'hM (22 > V"-"‘ 4‘?&-/

=P jL 212 9., &MW
I&M Alet sl

Apbbmi ma kS w

R o~ A W "'\{
Vp = ¢ (2 a -&V) R = P(‘Jv')
N = é—*\ 2— -":J"a:*?Q

3P — - wal  tleyd
\}31 1? %q Rq uadow




MhoVow o QUi S

B[S = e ::»54;;
\}(i-fh@l %(_q.ﬁg&b)



—_A2 -

Navqew crb. Xk Hb?tlu.u W L?\u-%'m

1y we
f
Lo Y= Ve
U R = Re
W"'}‘l‘\ g\’q.u“ Q.c= Co gt
V-’:"(ZC'\)D‘;Z{} *mﬁﬂﬁ“
Rquai ©%
A Y= \NAT
with Tt e

Nuw.-_aﬁ- U'D“W:‘*"‘h
s e Tsle Synen \)e&lmmwiolg towld

R Yo d
B’& = Q"" WAWLAL ¢ el S Uwday
e cuk  evolibhomn:






- e

Freaw waves as a “ascid e 3
A. I. Dyackanxo

V. E. Zawxhaov,

a welkd- docu vam e d

F"I.A..nu, waves A

hﬂ-iﬂ."l* a'ﬂ M.\\.{,m‘ 3 w‘h.‘h -
a?m. ik L kol '
4 g o
é + ¢ oVl ae*s Nt Wit 9 el Pede
‘:}.‘h X - e A hubles
o Tl
X 4 g s € .3' '-bwv“bm > South A*‘hrq
- ‘-:\:_. mosk wd k@~ ons P{* (-
4 |
Qa. taun §ocuting
E'%'peluh a \ow e i o, W

Thig % 1w & ’I'vg:;

Cuﬁ'\-..h-"\. .

o gene u i
Seeownd hox b

b asd o X\e ‘\'.\-I.ﬁ-na x
'8 won Lw RaN . Cway waves A hpeen

as, o wo wia Wa.a k"\"ku °'.'\, the
v o dula Rowel |8 ekl bty g the



CHAPTER 1. FREAK OCEAN WAVES

Figure 1.5: Bow damage to Atlas Pride.
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Figuwre 1.1: Typical swell paths. In the shaded area - part of the 'roaring forties' - average wave
heights exceed 4.5 m. {Data from Chelton, Hussey and Parke, 1981).
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Figure 1.2: Weather situation most likely to generate freak waves (long 'fetch’ strengthenimg the
incoming swell; illustration from Mallory, 1974).
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The problem with this explanation of freak waves is the following: To have a
significant effect from this process it is required that the waves enter the
zone of variable currents with a single direction. If they have natural
directional distribution one would end up with the same situation as
observed at the bottom of the swimming pool when the sun goes behind a
cloud such that the light becomes more diffuse; the effect disappears.
Nonlinear focusing. As opposed to the effects above, this one cannot be
explained by linear theory. It was shown in the middie of the 1960s that if
you generate uniform periodic waves in one end of a leng wave tank, the
waves will spontaneously split into groups, which get more prominent as
they propagate along the tank. According to linear theory these waves
should remain uniform and periodic. One developed a wave equation (the
so-called nonlinear Schrodinger equation) capable of explaining this strange
behavior gqualitatively. This equation has later been modifiéd and improved
to also give good quantitative agreement with experiments.
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