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L<Hsh
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5. HEREFREIC &L BERE

»AMBEICH LT, 2 BHE T 5 EBM2TER
EHERARMESPEEICEZONTNEES, BEAED
BEHITHETRPERT L BB TEIEAN FHE
# (method of weighted residuals) %>
BB 5.

=9, @QXE2EALLS. BEREM (23— a)‘t‘éiﬁﬁ?‘

2 BN QROWMIICEL, ZA TV aEEEE
Iwhtz-> T T,

fjau(§3+6u§$+g%jdr 0-
2. BREMBPEZFBLUOOHOE S 2RI,

R

=( dv auazﬁu_ ,aau>
./:m(atsu oror? 3u or

3T, CORBPHBEFEETHII LWIDTHA
hs, MERMEE 2> ¢ L IIHEGARELETELVLOT,
Y ER 2 ERICERT Z2NENH S, FEWD, VY
FrDX S RRERNTT AHE, VU b OEER,
ZOHROH HEEN S A 0t 2@ H DT,
BR 23 SEENT & T BB T ISHERER
ICEBLY B T & HSHSKEB. '
ZOHERER P ERBEOEFRICIEIL, ZOHHIC
B B/8T 2 — 2 — 2R SHARBEETHFTIUEX
WhITTH B, B CIRRDO L SicLiz.

U= N U} ceeermrereeiees 9
B/t 4 — &2 —

I.UJ Lu,, ( ‘Ur 15 (u red1s Uz, (U«,r)z, (U.rr)zJ
BEZINESE S

(1—£)%(367+9€ +8)/16
(1+&)1—§)%(36+5) £ /32
1+£)1—£)0%/64
(1+€)%(3¢6*—9£+8)/16
(1+6)*1+£)(36—5) 0 /32
(1+£)(1—§)* 0 /64

N

T2

=l(1—-£)/2, 1+&)/2]

2 =r,—1(>0)
HAEHEL, WX EA—DOHXZ2HNE, VWbW3
GalerkinTREAMBE LN 3.
SUSLINJIGU | -eeeerrrererensernseiniinnee. 50

49, GOR%Z WRRATHIUL, SUBERETHB T L
& h ROFEFRESGEASE/LONS.

[Ma]idH[M}an—af[M,]w;LuJ{ Nidr=0
++(51-b)
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'd
e
e
vz
|
|
!
Pl 72 |
! L
1 T2
é
1 |
-1.0 0.0 1.0

3 TERBERE DL

ccig,

¥US=%lu}, [#.)= [INIINJdr
"'(51—b)
[ #.] =fm, 7N, 71dr, [Mi=IN, 7ILN]

Th3. .
3T, (Gl-a)XNOFRMED 21T HEL LTI,
Runge—Kutta#, Crank—Nicolsoni#:% 4, Hix
RITEPREBINTVEY, T TIERDL 5 2ZESD
BEAVE. 2L hHWSEd T E L, 4 THROMHE

u'™ B Th=TratdT O

U(n)_u(n—l)+Az,{7U(ﬂ)+ (1_ ) (n— l)’

DEDTELT 3. =008 U™ "=y "—u ™)
/AT DHIBZES, Y=1D8:, g "=(y"—u ™" /4t
DHIMEZES E 725, CCTIEY=1/2LEBIEE, 0%
b, ¥R (trapezoidal rule) 25 tic
)

T 6 DS 4T DI, {u
ZDEaBH -1z 8T,

}t=to‘i*du }ff”’
{ U ‘={ V) }r=10+;AU b= Uo}'f'{dui alr

tigh, F12693L b
io;=.dz_r;du§_gao§ .............................. (54)

nFoh 5. 63, 64 % EDRIRAL T, {4y tickE
T HAEROEZER T,

(Ztm)+a1=6 [IM]1 uallNIdr) 1y

=[ﬁaj“ O o*'—[ﬁz]{ Uot
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+3 [IMI U oty olINEdreseeemeeeens 65

Lsn. oML, FHHEMEO GRS ERITICS
BRI S T 5.

XS, 4 uhicBUTHEIZ L LIz o8 H &
KIBANTW L GRIR20 TR, IR OME o fRE
S EIR, RERERDBELECAETHBH, ROV
OPDHBEBITRYT & 5 iz, KAVHREXOmRITicE
UTH, MBIRECSK» 12, Z20RERBOBE
IZOWT~E 5.

Y, CCTHERALUEREROBE 2R L 21
L5780, VY b I TO B EBER O,
KAdVHRER, (18) 2 Fvy, FIREAR D224 ¢ % fan
UtiER 2N 4 1ICRY. UEE LT, x=0D 1B
RV 2IRDOBH%2 5 2T, Newton—-Raphsons<T
FHREUI.. PHESEIIUCERE »FiEA T
DT, WHT2ETICHL DRV RUHE LT 72,

Comparison between
WAVE HEIGHT Exact solution given
H=2.5 by Korteweg and de Vries
h=5.0 and Present solution based
on Newton-Raphson method.

2.5

Present Solution

20f (10th iteration) Exact solution :

Lsk 20th iteration n=Hsech? {% Ilill;[ X}
\\ \ 28th iteration Y
of \ ASSUMED
1.0 \ N ;5{ J\ BOUNDARY
\ —e
0-51 %W
0.0 X
0. O e —
10.0 20,0 300

K4 Finite Element Solution of KdV Equation

y

time interval 4 r=0.1

0. 5¢ i
Wave Height 0.
0.-4r z4 05=A
0.3F S4 == bs.
104 ~ initial value
il r 0 Asech’l[ |

2.0 405060708090100110120 14.0
Mesh pattern and coordinates

X5 A Simple Nonstationary Problem Analysed
by Incremental Approach.

£ W R

KIHERH B DIRITICOWT, KHEDREA %2
D BIcdic, (55) XEBHL, —2DV Y b OET
B 2BIEMICERLI-OMR 5 Ths. CORTTE
INBL KBTI UL HO>NTEIEILLIZRTS, B
M 2EMIc L Aud, BIEHRLLTE, »khD
WIETBElTcEC Lrbh 3

éeumbﬁ®ﬁmﬁ%@ BT Broic, ZoDV
Y N L DEEREOFRE B HE LD, X6 Th

5.

B 7 iz R AN TV S, BRIt —>—oo

ZBNTE, t>+0 BT, Z2DV Y b OER
MIREAEERZ STV, +3ER TS DTH

5.

PR OMEI S, EVic+omhTtins=-o

DY b BRATRETHEIY, 2545L, &
EHEICEBVTIE, 17 oy ME(implicit method)
THELTWADT, FEHICEZ OBf» T2 L

u(x, t)
0.3

X6

Interaction of two solitons (finite element
solution)(initial conditions ;
2
V' A: sechl AL (1mgy
u( x,0) ZAL sechy 3 (z—81),

where A,=0.3, 6,=11.0, A,=0.1, and 6,=
22.0, linear superposition), time increment ;

4 t=1.0, and—at {=0.0, — - ——at =
104 ¢, — _at i=
204 t, and~—--—— at t=254 t.

X7

Analytical solution of two solitons inter -
action by the inverse method (Segur
(1973) 3.

The larger soliton’s amplitude is 0.3
and the smaller is 0.1, and they are
sufficientely separated at the initial
state. T the basic time and 4t the time
increment; 4 t=1.0,—at =T, —-——
at t=T+114 t, ———a t t=T+224 t,and
————— at t=T+374 i.
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Iish, FRPEBRZEOHIME B 20T, T Tl
=20V Y b IBILTEELAD TWBDTH 3 55,
LIGELICERE DR LR D T ORE 2 TIHE & L
12, PE- THEEBICE 20, Hlics 5720538, Zhic
UTEMEOIRENIIIZEAEALTH . D E=
OBk b AT EOEMI TR L2
A LN BDTRE TN 2D O{ERIT R 2N+
3.

6. =, =OBIEAZRHI

HitE O, HRICL 2RESICL b, X8 ITRT M
EDX 5 2EMOBY LS BERINIZ LD B,
DL 8FR»EV Y b oMBERSHA, ExiclLT
BRISKERLLIZOT T EMNERBICGREIN TS,
FEAERIE, BoXh VY RUMBELSC EBRL
T3, KAVARERUIV Y b 2ERZdichrd 7 40
Z—DXHISHERLTNE LS TH A,

=Z=2DV ) b rOERPBITUIERZX9 ICRT.
AR 2DV ) b OBEEDFFERL & 5 i,
bOEBUEDTWADTH R D, T3 EALERE
MK O >TWVB & LTI LT, &R b0
3 ‘S4bh’(bore) MERKINBZ Ebds.

u (x, t)

0.2

0. 1

X8 Generation of solitons from an arbitrary
initial state, initial values of u(x,0) at
nodal points are given artificially, time
increment; 4 t=0.8, —at t=0.0,———at
t=64 t, and—-—at t=124 i.

B9 Interaction of three solitons(initial con-
ditions ;
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u(x, 0) =Z’: Ai sech’[\/g—ﬁx~9i)],

=1

where 4,=0.3, 6,=11.0, 4,=0.2, 6,=20.0,
A,=0.1, 6,=28.0), time intevual; 4 t=1.0,
at {=0.0,——-—at t=104 ¢ —---- at
t=154 t, and ------ at =254 t.

L5 2R L LTHWI D, KI0TH
5. 54bORTHEIISLE L b, H38ESHIcEVWTIE
REEOEBIFICL > TV E b3,

ST, 1 FFRIHT3KAVARRK BT, 67
2B, REA T VEEnBREREICZILLT
WABIREL (EBEOMEBRICESWTIREELVTH
A530) DEFNELT, F3EHORESIERICE
LU TWAKAVARRZEZEALZ T ENTES. Zhs
8 UT, (HIZ BT Ry BEEY)

an 20

on
at T"ax TOGs

0'=01+(07—8N H(x—x,)
RAERILBNT, MEEELT, S 8s
DEHEER 2 K11, K121TRT.

Zhiz, =20V Y rohb EDE STy
Ubhrdzdnixs - (tail) piER3 A 23 hro—>
DEF I EIL T ZMadsen: Mei (196948) i1 =
v -5 —5 (sloping beach) vy ks
el &, —DDV Y bbb Z2OMESNELT, W
2DV Y bUMBHULERS 2 ¢ & 28ESEI
Lo TRUE. #61%, KAVFRBXPHEER > T3
DTS, BHELELUTKIVIERSE oo h 3 2
BOHIDHER 2T NG,

JicA F o EROYBAEY Y b OEHROHEER
BRITRZ S>. TORIZE8, QIR ZEALC LILKS.

0

K10 Developement of bore, oscillatory shock
wave(initial condilion ; u(x,0)=H/2(1-tanh
ax/2), where- H=0.1,¢=4.0) ,time increment;
4t=1.0,——at t=0.0,——-—at #= 344,
——--——-at t=104 t, and————— at t=184%.
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Ln (x, t)
2.0

11 Change of soliton passing the discontin-
uous point No.1(§?*=1/2 (x<13.0), §=1.0(x>
13.0), increment ; 4 t=0.5,—at t=0.0,—-
—-—at t=164 t,——at t=224¢t and—-—-

--at t=3341.

n (%, t)

o

12 Change of wave shape of soliton passing
the discontinuous point, No.2(§*=1/2 (x<
12.5),6*=1/4 (x>12.5)), time increment; 4i
=0.5,—at t=0.0, - —at =254, ——

at t=364 t,and——-—- at t=464t.

89 RICEABES T, 6 KKoa%ZFEUTHESL,
Galenkin/GREER 2{e b, B3 2FHE LTKAV
HRR e ARERERE LR V.. BRERORE
Moz 2B THHOT, IR E LTd, 7, 0L 8iC
Hermited =k ZIER 2 7. BRI ICEELT
13, [, ootk sz, K13, Kldicz o
BERT.

A% E LTI, A—DBED 2EDOV Y b b5
A FIGETLTC, HEZERBLTWEDTDH S0,
ZOIRBE T, HEICLAMEBIIFEITL»TWVWE
WD ET B, BIEM/NIVERL, RIC— DIl R
S, TAZHEREWLEYIRITAIZUT, IEA
FEREOEMMDOIL > T B D5, EBIESKELLS
&, T B-EHRERT.

e DM TTIRIUC BN TIE, IS Bt

10

EOE U R

T I
~140-10.0 0.0 100140

X13 Interaction of two solitons travelling in
opposite directions(small amplitude), time
increment 4 t=2.7273,—at 1=0.0,———
at t=24t,—--—at t=34t,—--——
at t=64¢t ———at t=84tand---——
at t=104t.

n (x, t)
3.0

[X14

Interaction of two solitons tnavelling in
opposite directions (large amplitude)
(different initial condittons and bounda-
ry conditions(7=n:=0(at x=x,)) from
Fig. 13), time increment; 4¢=0.375,—at
t=0.0,——-—at t=44t,—--—at t=104 t,
———at t=134¢ and—-—--—-— at t=154t.

Trehhid, EBEHFEHBEL TS, BBIZRTETH 505,
O ETH 2 L BIRIFAMICRIREFET 5 T &3
H3BEVSHEME (threshold) BEETHI LMD
3. KigEoHmEY Y b OEES, 252001
(D% g XA

1. &N E

FERERIER IO T A KAVARR 2O £, B
PREEFHIC & b IHAARDET 2B 80 U RIFSHER 21872,
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£E, BRERESRITO YY), WRCHEIZHEWT
Fiotzh3, ToFBIIREEA (implicit scheme)
LB DT, BEINHL HRBIALOS THASD 5.
22T, CORBBEIOFEZNEZVAEHEL TS
53, $5icLax-Wendroffi: % filT, By ic g <
(explicit scheme) FEMPEEHIN I EES.
KAVHRRZK-Tid, 2HiTs bx - sk
SICERICH A U TSR SBM s iz, R I
2 P E 2B DI, ZRTE, ZRTLDZNTH 5.
Zzh o OEBRIE, —RTORKEH~RT, —Br & EH
L7235 0T, KAVHRER & B ICEBIEEBESTITL,
F o HROFRFEICY U TEESRE 23125 LA
Fans. (19764E3 A198 % H)
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