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AL#EE K2 R BB E R Fe bt
Numerical study of De Gregorio’s model for the 3-D vorticity equation
Hideki SATO and Takashi SAKAJO,
Department of Mathematics, Hokkaido University
Abstract. It is quite difficult to show the existence and uniqueness of solution for the 3-
D Navier-Stokes equations. The difficulty arises from the quadratic two nonlilnear terms,
the vortex stretching term and the convection term. In order to see how these two terms
affect the existence of the solution, De Gregorio proposed a 1-D model equation for the 3-D
vorticity equation. However, in spite of its simple formulation, mathematical analysis of the

model is not so easy. Thus, in this article, we investigate the model equation by numerical
means, and discuss the property of the solution.

1. [FC®HIC
ZRITZERNC BT D IEEHETRAEOEEN Z LT 5 Navier-Stokes HRRERIILL T TEHEZ 5N 5.

D
(1.1) 5% = vAGi—Vp, FER}  t>0,
(1.2) divi = 0.

T, u(Z, ) 3Rt ICBIT B R T TOZRITMERY MVBIEKL, p(F,t) 1 3EH LIFIN S
AR TR, v ISHERETHS. $, MOERE Z =2 +4- VIIWEMS THS. 20
HEROBOGEBIVZEO—ENE, BUMEICIOWTIIRBHRTH O, M2 EOEERH
BO—DE LU THEDERIIMANT IO NTNS.
Navier-Stokes AR O D rot 2 & % &,
o

(1.3) 5+ (@ V)3 = (@3- V)i +vAg,

MEONS. ZIT,0=rot TIIBELIFIINZETHO, K (1.3) 2REFEREMER. 20
HREAIEESEBMEO—_DDORIZL > TR TN TNEN, EBITIZRESITDOWTHUZ
HREATHD. Thbs FES G ERESOMIZIZdivid =0 & rot @ =@ M5 Biot-Savart
DIERNZ Z VLT OBIRMRIL L T3,

o 1 [ED)
(1.4) u(z,t) = yo ‘f_g‘3><w(y,t)dy.

R (1.3) OFHEDIT (1.4) ZRAT S & @BEHERI,

(1.5) 24 (8(@) - V)@ = D(@)E + vAS,

NI | -El ectronic Library Service



The Japan Society for Industrial and Applied Mthenatics

222 HAIRH A SHLEE Vol 16, No. 3, 2006

EEVTD. 720, DIFG T T 5 Biot-Savart fEAFE (1.4) OO E L TEERE XN SREESD
ERFETHS. ZOFBRAOFITIZDOIFRBENE TN THD, —DI3BEOs =T LIE
(vortex stretching) EMFEN 2 D(W)w TH Y, b5 —DIIBHEELMIENS (0 V)S TH 5.
ZOS5MOFIEMILIED, BESFEXOROBFELRT L TEEREBHER-TEEZ
S5NTVD. EWS08, v=0~&LRIER-EREDES 2R T S Buler FEERITBNWTHE
MEFHT DD REML, MEORESIVERT (1] 2&THO, THIRBEDOKREIC
B EMEILEICL > TRIZTIENS TH S, £77, ZRITD Navier-Stokes HFER:
TRIDFEMILENO &85 2 ENROFESC—BMEMREET 2 L TARBENRE % 827
LTHBY, ZOEMNSRTHZORMBIIZUTHS.

TIT=RLREFRRORES OFRE L2 HEL—KTET I 5 HES 7912 Constantin
S5, ZOMEOFIEHILEELBH DI 2HERERZEDG) N — K TOREERZETH D

Hilbert 2842
_1 > w(y)
EHLERTHKOHEZFE DI LICEBL T, MTO—RIEOHBRZIZE LT [2).
.(1.7) %%sz(w), z € R, t>0.

ZOHBRRERBEOAMZEZTL TCLM AR EIFEN TS, 2T, £X2TWEAH T
B w I ERBER TOYMEER DIV, ZXATREDHFEMERZZI LT
ENTED. WoHIRZOHBROBEEET, TS OMMNE < OFIHIEIC L TH R
TIEHETDHIEZRLE, ZHIZEDBOBIEMIZUICE D= XKIT Buler HRERDROIER
BiEEZEHI2ET N ELTHERBEI N,

LU, €%, CLIM ABRKORABIERMEND L5107, £, Schochet[11] 1Z CLM
T D BAR7: Navier-Stokes HRERANDILIE & U THMEEZ 13N Z /-

Ow
= =
EEZ, TO—RBERZ. TNTLBEHERX(1.8) OFBN Y >0 THRRETEIENH D
EVND T L EHITENS DEIKEENE N Y = 0 DBREBDREDBESIERTI I ENDH
HENDZEETRBRUT. AR (1.8) T, wMBRT I, FInbEHEIND H
Eru bRIRICIER TS bbb DT, 2, =Xt Navier-Stokes HFRRICBWTH S
NTVWLEE[NITHKT S.

7z, Sakajo[9, 10] {&, ZKTC & —RILOILHEDOMIENARHATH B E WD T EM S, FLEL
HZz—f{k U7z CLM AER

(1.8) wH(w) 4+ vwg,

(1.9) %% =wH(W) —v(-A)w

EER, COMOUEEEAMITICLDRENE. ZTHUCE D&, 2TDa e RICHL, 1BFM
WEET B2 ENOND. Tabb, TROIFRHEwH (w) DD TRVIEGREZE-> T
WEZ, EARBITRERFT =5 —OEEANTHROBRZIEDSNBNENS T &%
BEWRLTWS. Z3Ud Navier-Stokes HEX Tl o > 3128 U THEOSBMIARIICEET 3 &
WOFEE 6] E—FK L7z,
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LLEOFEEZZTT, ZRTCREHEROM S OGEEICDWTHRT 27201213 (1.3) I8
T5HD—DDIMBIE (0 V)O DNEDH LD VWNLLEND S, (R, BIREIZIRE DK
FIZIIEF G L2 WD T, Navier-Stokes FRRRDBEDOEEIC D W TIZEEAREZ Rz X720
EEZONTWED, FEZOBREMZIEMTIHEDMEINTVS [8]. £2T, CLM A
BRI L TBHREZHAAATERD K D 72— Kt De Gregorio ET )&% % 5 [3]:

(1.10) Z—f + uw, = wH (W) + Vg, r eR, t>0.

HIIER T 2 MEER w I LRDLDITER SN S:

(1.11) u(z,t) = H(Q)(z,t)
ZCTC, Qz,t) 13,

(1.12) m@w:/‘wmw@
THEZLNLBHTHS.

ZOHEAOHETHF NI =KuRESERITIE TR WITELEHE TR, TOKREMR
DEEREDDN > TWRW, £ T, KiwX T, TD—KJt De Gregorio 523X (1.10) &
Bt BEIC K > TN, SBBINICE > TRINREHEZHSNITS. ETE2ET—K
TETIWVIZONTHISNTWDEEIIDNTARNRS. EI3ETRESEFEICDOWTHAL
2%, BAEBETIIRESERERIIOWVWTHEDRWE G EH BB EDONHITDNWTIRRT 5.
BROETIIHRIINTZ2ERZZMAS.

2. —RITEDETFIICOWTHIONTISEER

ZDOETIL, CLM AERB LU De Gregorio ETIINIZDWTH LN T NS HEELZHEIZE
B9 5. 9, HIHIE w(z,0) = wo(z) ITxHT 5 CLM F# (1.7) IZDWT, Constantin 513
KERLE 2.

FE 1 wo(z) MBS D |z] = 00 THRESHERBRT D LTS (wy € HYR) THNIET+5).
O, HER (1.7) DMIIRTHEZENS.

dwy ()
(2~ t Hup(z))? + t2wi(z)

FHRINSBEADESIIDVWTRORZRMNELIZENMN D,
* 2 HEEKX (1.7) OBPERT 2720 OBHE+7FEHIE

(2.1) w(z,t) =

(2.2) Z={z|w(zx)=0 2D H{wy)(z)>0}

TH5. E5IT lim_r ||w(z, t)||pe — 00. 272U T =2/M, M = sup{H(wo)(z)|z € Z}.
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T T
t=0,02,..,1.8 ——

o(x,1)

0 '1 2 s . s °
Fig. 1: Solution of the CLM equation (1.7) for the initial data, wy(z) = sin z.

Fig.11d, #IIRHZ wo(z) = sinz & UT, (1.7) ROMEEH 1 Z2HANT t=10,02,---,1.8
LU THEW DD THS. CORITER1INS, t /20EE z=1 OFETERT S,
12ba% 023 TR X DIZ CLM HRERITHMIEZ D137 R & = K5T Navier-
Stokes FFENDOMOMIEII DN TR A IR EBEA B 5 T & %3217, De Gregorio[3] i CLM %2
RKOUTORRFEHEMLU : —DIF, CLM A THIBRELZEH L TVWEH, ZOEIIE
LTENRETHDIENIRTHS. I —DIIRENSHEEOEZEOHEANELANEN
IRTHB. DFD, CLM AR TIEu DEERE L Tu(z,t) = Qz,t) ERALTEY, 20
Ffw=32mah, LRZRTETOVIELTRSEEZZOMNERTHY, BEHER
LU, CLM X T VI ICHE T 2013w TIIAL Hw) THS. Lo T—RITOEF
NTH L =Hw) ERD>TRBHBENENS ZETHS.
UEDRZBEAEZERINZONAHRER (1.10) THD. KR TIIERSEITHEMIC B
BREHZRT. TROBUTHEX A EBRTH B,

(
g_i+uww=WH(w)+wam z € R, t>0,
23) et = H@@0, 20 = [ ol
w(z,t) = w(z + 2m,1),
\ w(z,0) = wy(x).

L, COFETIEIHC—DRENBOWA, Bk T2 LS ICRICIIEANFMEREST.
B, AMERRN TR ERES TOEREELB LM, ETRENEET IR E
HIRENTND [4].

BRIRICTTER (2.3) DI DNWTEICASNTWABIHEE [3) 2 RTHL. 9, #tEnzn
v =0 OF, sinnz % cosnz WHREK (2.3) DEEMTHS. Zh 51 CLM 2R (1.7) Tk
Fig lOXSICBRETLHMTHD, CORTBREBEILBOEMIILICEI 2BEDER 2 X
DHRMBDD. Tz, HEDH 2 v > 0 DB BT e sinnz R e cosnz AR (2.3)
DEERE L2570, T OEEIZ K - T, BtEDRWIBE OEE M sin nx R cos nz HIBL
FRIZ0IC MR AMERDIEERLTND.
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3. HEFHERE

AL TIIERMEHEEE L THARY MWL B 2AWS. EEHEIZUTOL S IC5ET
5. FFTWHW) IZDOWTIL, fRw(z, t) LT DL 72 Fourier BB TZ 2 LIRET 2.

(3.1) w(z,t) =Y wa(t)e™,  wy(t) €C.
ZOEE, WD Hilbert ZHITAD L 512725 [7]:
(3.2) Hw)= - Z i sgn(n)wy(t)e™.
Z Z T, sgn(n) I,
1 if n>0,
(3.3) sgn(n) = 0 if n=0,
-1 if n<O0

ThHbd. OB wHW) I,

o0 o
wH(w) = (wo + Z (wne™ + w_ne_i"1)> (—i (wne™ — w_ne'm))

n=1 n=1

S n—1 n—1
(34) = — Z { (1 Zwkwn—k> einm _ (1 Zw—kw—n+k) e—ina:}
n=1 k=0 k=0

ERHETESOT, BOFIEMIIUICKIET 2 IERFIED T — K n D Fourier (2513, EXE—
ROBEOAFARIMTREZINS.

RIZBHE uw, DANRY SIVEBEEEZD. RN RRw,(t) +w_n(t) =02EZ2D
Tuw(t) = 0ITHEET B & Q(a, 1) 13,

(3.5) Oz, 1) = /0 oy )y =3 Tunt) (™ — 1)
"

KT, THUT Hilbert ZH#ZME L T u(z,t) &

(3.6) u(e,t) = HO)(@, )=~ 3. “sgn(n)un(t)e"™
o

L5 ZOZDOREEFEL TEHE SN R ™ OBREIZERMERDZ DT, BHED ARY
FIVERRZFBITICEZ TEIE T2 Z E3ATRETH 5. T2 T, ZOBREITIEER Fourier &
BT K> Tk 5. BAKBNZ Fourier 128X v, ZEIESTE TRO BITIILL T OFIETIT S

1. BASNLKM0,21) & %D Licdz; = 2r/J TD u B LW w, DITLUEITHRE DR
# Fourier ¥ w,,, (n=—N,-N+1,--- ,N) 5, L FOXSICEHET 3.

N N

1 ; . i
uj = — Z ;l—sgn(n)wne"“”f, (We); = Z inw,e"™.

n=—N n=-N
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2. RIZEZEMTOBEBBEOEZHET 5. (ww,); = u;j(w,);, (7 =0,1,-++,J —1).
3. L THES NN SBERL Fourier 242 X D Fourier (2 &R 5.

. 1 i
(uwx) — Uty )0 "% (Tl =—-N,—-N+1,--- ,N).
J J

DX DL TRDIBFIAD Fourier R (uw, ), ZANWTUTOEMS HRERXE 44K
@ Runge-Kutta EIC L > THE< .

n—1

p
dwy, . ) —
E = _l/nzwn — 1Zwku)ﬂ,k — (U(Ux)n s
k=1
d(.d()
3.7 —_ = 0
dw._ n—1
dfn = —1/77,2(4)_" +izw—kw—7z+k - ('LTW\r)—n

\ k=1

725, FIHIC BN THEEHFRE w,(0) + w_,(0) = 0 2389 &, ZORRIIFMELE EHITE
LT wa(t) + wopn(t) =0 £R2DT, ERITIFIEE— ROFERXLETEMFIEI N, £/,
X OBEAE TREMAER I3 TA VT AL I — 28T 50T KRE<EDRBDE
L,J23N+1ERDBEDBNETOT—FE LD, 517, & Fourier £ (FFT) % A
WL, J=2"meN)ODETEIRbDEL, A 6N Fourler B8 ap IZF LTI

) N ag (lkISN/Q)
(3.8) ak*{ 0 (N/2<|kl<J/2),

EWVDHFHTs 4, BB LUTEHETS. 2B, AFETIE N = 1200, J = 4096 & L 7=.

4. BEHBHER
4.1 MMEDEZO (V=054

KON (v = 0) BEE, FBEORESICHNTL2H—F— R sinnz 1IHER (2.3) D
FEWMRIZIRDDT, BEMRFEEZ RS2 =D @ Fourier E— RIZEH5EEE— RE2HED
HEZEZEZ DLENDH S, Fig 2 \IWHUE wo(z) = sinz +esin2z Te =02& L2 E
DEHERTH 5. Fig2(a) 3Bz z &L, B w(z, t) ORHEELLEt = 0,2,---,101ZD
WTHWZBHDTHS. MEIFHFEREEBITHD L HIEHM 0.6sine ICHTEL TWD

DIZRZS. (sinz ORENZE 0.6 THEMITDWTIE, B TH#RTS2.) —7H, Fig.2(b)
td Fourier fREDMEIME |w,(t)| DRMEILZERZLIZBOTHS. VI 73T n 2 LD,
BT Oy hTERLTWS. BNt = 82 BEZH-0NERERLICTHTES S
TOEENFITER P IHE > TWELIICHZS. TITETOEEDRETE, b5
{log lwn+1(t)] — log |wn (t)|}/{log(n + 1) —logn} Z& niZH L t = 10 DEFIZEHEL/ZHON
Fig.2(c) ThHD. ZOMIZLD L, EENnITLST, BLE -15IHE>TNELEDIITRZ 3.
T, BRIt = 10 fHEIC BN T Fourier IR D EEIEN |w, (t)| ~ n~ S ICHHEL TW5 T &
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15 l . : . —_ e ' 1024,6,8,]9 ——
t=0,2,4,6,8,10 —— PR S S § NS e
0.6"in(x) - 102 I
10-4 ~~~~~~~~~~~~~~~~
10°®
= b 10
z E
C w0 b
10-12 L
107+
10-16 n
15 L L L ' ) " 10 100
0 1 2 3 4 5 6 n
X
b) Log-log plots for the Fourier coefficients
(a) Plot of w(z,t) up to t = 10. ()
|wn (£)]-
0 . : r s 15 ; ' ' " 1=0,2,4,6.810 ——
L S— N 3oy /]
-05 + -
RS -
2 -
o 'WWWWW‘ 2“
2 H 4
-2.5 1
-3 It | ! !
0 20 40 60 80 100 = N
n 0 1 2 3 4 5 6

(c) Exponent of algebraic decay for the

Fourier coefficients at ¢t = 10 vs. n. (d) Plot of the first derivative wy(z, 1)

Fig. 2: Solution of De Gregorio equation (2.3) with v = 0 when the initial data is given by
wo(z) = sinz + 0.2 sin 2z.
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BEWRLTWS. 37205, Fig2(a) T—RENBONRLIICRZ DN, Eidd 2 HBERA
T—HEMDICERENHTVWS ZLERBLTWDS. £ I THRO—BMS w,(z, t) DORFEIS
% Fig.2(d) ITRT. ZORMNSRDI ENDMND:

1. 2 =0,7 Tldw,(z,t) DIEITFE.
2. 0 =0%FR<ES T, we(z, 1) 132 0.6cosz ICHIAT 5.

3. HHLHMBLND 5T, 2 =0 DIFEHET w(z, t) B “— 8" RESHICRD. Thbb, i
WCAREGENHREN SRR & ¢ E T 5L X

lim w,(z,t") = lirgowx(z,t*) # w,(0,t%) < oo.
Xr—>

T——

BRODEERILUTOMERMELVRT ZENTES.

Rl 3 HIHME wo(z) = Y 07 | Ansinnz, 2L (v = 0) @ De Gregorio HER (2.3) DS
ISR ORI U T we(0,t) = wy(m, t) = 0.

A, R REEZD0OT, HEROBPUTOL S ICHEEERINTNS EL TR,
(4.1) w(z,t) = pa(t)sinnz.
n=1

ZEU, pp(t) 3t R<BELT, B50ETS. —H, v =0T % De Gregorio D HE
ROWAZE z THNT2E, Hw)=v, £D

(4.2) Wyt = —UWyy + WH(WI)

5. O Bw(z,t) N (41) RTRINTNBODT,

3|

o0 [e o]
(4.3) wee = — Zn2pn(t) sinnz, u=-— Z
n=1

n=1

o0
pn(t)sinnz, H(w,)= ann(t) sinnz,
n=1

E72D (42) DFEDEz =0, 71 TIRTOERD. LT, 2=0, 7 Twe(0,t) = wye(m,t) =0
=55, O
LD EE<ERICZLUT, Kb s:

® 4 B wo(z) = Do) Agnsingnz, ¢ =2,3,--- DEE, v = 02T 5 De Gregorio 7
B (2.3) DRITKRERMIZT .

(4.4) Wat (%,t) =0, t>0, keZ/qZ.

CHEHIBMEZ BT % Fourier E— ROBRALNKEE—RD 0 HICHBT 3 2 12BN T
we(z,t) DIENAETH B EEZRLTVWE. ZOFEERIZEDWTROBHERIZ D W TERT
HERDEDITRS: BRERLIGEDL &, 2 =0 DIFETO—EMS OEESENEN D —F
T, o =1 iRBOERMEITHEFIND. LENo T, wylz,t) DEHEN acosz DTS &
TIUL, =7 TOMEN w,(m,0) E—FTD. ZDOITENS, a = |w,(n,0)| =0.6 2155,
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15 T T T T U T 2 T T T T T T 1
t=0.2,...,.8 —— t=0.2,....8 ——
1 t=o 3 15 | .t:O -4
1}k _
0s | .
% £ osf i
< = 05
ot i
ol i
05 1 ostb .
‘ ] 1 1 1 i3 1 4 _1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 0 1 2 3 4 5 6
X X
(a) e=0.1 (b) e =0.3
3 T T T T T T
t=0.2,....8 —
25 b 0 .
1=
2| o
&
15 .
- ot i
3 E I
0 4
0.5 -
.1 - -~
15| .
2 1 i 1 1 1 1 1
0] 1 2 3 4 5 6
X X
(¢)e=0.6 (d)e=0.8

Fig. 3: First derivative w,(z,t) for the initial data, wo(z) = sin z + £ sin 2z with various .
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T T T T T T T T
t=0,1,...6 — \ 1=0,1,...,6
0.6*cos(x) ---

ofx,t)
,(x,1)

15 . -1.5 . L
0 1 2 3 4 5 6 0 1 2 3 4 5 6
X X
(a) Plot of the solution w(z,t) (b) Plot of the first derivative w,(z,t)

Fig. 4: Numerical solution of (2.3) with v = 0 for the initial data, wg(z) = sinz + 0.1 sin 4z.

2 T T T

T T T
t=0.1,...4 ——

o(x,t)

&)

(a) Plot of the solution w(z,t) (b) Plot of the first derivative w,(z, t)

Fig. 5: Solution of (2.3) with v = 0 for the initial data, wo(z) = —0.5sin x + sin 3z.

KIZ, wo(x) = sinz + esin 22 IZBWT, € = 0.1, 0.3, 0.6 BR R 0.8 1T/ T BERD—FEM 5
DORHFEREOKRT Z Fig31lmR7. 0<e< i O, ¢ =020 & X ERERD = 0 ITFELEH
ZHDE—F 1 OEEHANFENORBENNR SN, —F, ¢ > L OFIIIRBNETRRS.
TROH, e =06 DRz =0 CAERREFOE— R 20@EIEEHR THED, e =080
Fildz = 0 ICAERREFHFDOE— R 2OMNENEHR > TS, ZOBSIEFRESE AN
EMTRAT 2D EDOL D BRIEEINEINZNIZDONTI s =7 TOENSHRETZ &
INTERRWN,

R MOBEEE— REROUMEZEZA - BEOROM%TZR 5. Figd & Fighid, #h
FNYIHME wo(z) = sinz + 0.1sindz & wo(z) = —0.5sinz + sin 3z 1K T B EHEMR & FD—
D OREEBROETERLEDBDTHS. WTHNOBREHMO—EHI IZz=0H5W
o =nm I CAERRZEZER LN BE—EERET— K (MBOHEGRIT—F 1, BEOEEIF
T—R2)IHEHELTWL . TOREROERDLES HREL TH 5. Figd DB, —B#MH O
BRDE— RPN =r 2RO LTERIC ‘B LT, HREEERMLUMETIE 2 = 0 Dk
THEEITHLUEHL TS, —F T, Figs OB SIIRHEREE EHIZ e = 7 IT—BEMOSN
‘B> LTE—R2OMITHEBEL TS, [FIZ Figha) 2R3 &, ¢ = 7 COBEZIIEE
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INTNDS (—EBHIORENSHS) LOD, TOIREICH DMK - M/NEDFOE D%
EREOIEMS v =7 ICHHAL, BBz =7 T—HT 3. 20T ENS I ORREMITSI=
HIELEICL2BEORELT TRAL, BREOHREDFS L TNWDEELZLNS.

42 WHMEDOHDB (v > 0)IFEDEIER

HHERD D (v > 0) BEDHREZRNRS. £, EORIRE R 572D AifD Fig.5 D &
[5] C#IHAE wo(z) = —0.5sinz + sin 3z 1259 2 Bl fE % Fig.6 1R, MIERENT v = 0.02
TH5. Fig.6(a) ITEIUTARIT v = 0 OFF L [FHE, BB S & BICE— R 20883 2 #iE
FBIZENLS AT, 2 =0%2 =7 CO—EMMIRFEINLZNOT, ZOFMETOMRDOIE
SE—E TR, EE Figb6b)IZH5LDICz=08L% 2 = 1 IZBIF B —BMD v, DIE
B—E TR<AEGERBAEL TRV, RIZ, ZOMOERLNTEIT S Fourier RO K E X
lwn (8)] D73 ZE Fig.6(c) IZRT. L, v =0DFEFELE N, A& TOy hTERLTW
5. ZOT57X0, D Fourier fREUIIEEBEIEMICHEO L TR0, BIZB LN TH VBT
LZENOMS. ZOZENS, DD G RERMRBHROEENREINS. &5,
RREOHORENE R D728 Fig.6(d) I |wi(2)], lwa(t)] BLT |ws(t)] Dt =200 F TOR
ISR Z/RT. FEFICRERI e OV I T ERLTWS, ZHITLD &, BT wy(t) LA
ADE—RPNHESPET D —FT, we(t) 13 e IZIFIFHFITHEETHEL TS, Ly
U, 3 5IC ERFREIEBE w, (1) DRBENES D, e IZHHAIT3EE THRET 2 LDI2R 5.
T U THREIZIT wi(t) Mwy(t) ZEWT S, DEDMENE— R 1 D De Gregorio HRER DB
fE e Vtsing \ZENA L, BRANIIEIBIEDZEDEN - B0, TG & & BICHEE
DEENRIZD, OB FREXOBOLDITIRES.

Fig. 713, #1#ifE % L & U< wo(z) = —0.5sinz +sin 3z & L7ZEREDEDO—FEHD D w, O
t=4TO¥F%Z v =0,0.01,0.0501DFNTHNITH L THN=HDTH 5. FHEBEMNK
ELRBITENT, v=0CBNWTHERLNEHERAENZ< 2D LEBHIT, BERT— ROMEN
REZN, LVE—F208HBENRESEI>TWVWS,

BRI, RICHMREBBNGEETINE I NI DODVTOETFEZEL8%T, MIBEE LT
Fourier R ZEBIC LV T2 F LCHEATHS. BB OETFILFig8(a) DL D721 D
Thod. CORTHE, 728 LA ZXDEDIRYIHUED, F4I1Tsin2z DX I BBITRY, Btk
W sing DESBERITZ>TWS. £z, Fig8(b) & (c) i jwa(t)]| OEEILILORT %%
LT3, Fig.8(b) TIIHEEIZ n ZH > T, W< DDt IZH L THRE Ty hL=H D
THD. BHEMED L, EROE— FIRAFTBEL TWS I EERLTWS. £77, Fig.8(c)
I, BB ¢ 2B, (1)), -, |ws(t)] DREAZ(LE R L TWBD, ERE— R |w(t)| D
Flde ™ IZIFIFHBIL TS, BIOH & LT, Fig.9 13 HE D Fourier f38(% A4, =0, n > 2
EICHLTA, T LIEATRBROBDE— R 105 E— R 3O Fourier {23 DRI R R
ZRLTWS, IICBVWTIEE-FLIMEZRZRBZWICH2ND 5T, HRRKOIEREL
RIZEDEPEKRL, ZORESAOE— FFREIHET 2 —FHT, TOE—R1I2EHL
T, BEMRICHERET 52 0005, fMOFHIDVTHRREZN v > 0.01 <HWIZRNTIZ
ETRROERE— RORBHERBLIMERE— ROE#ET— R 1 OEBHAOEHE & WD
HRNE STz
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T
t=0,1,...4 —

o(x,t)
U)X(X,t)

10°

100 T T T T
BN n=1 ——
AN n=2 -------
2 | S n=3 --coo--
- 10 i R exp§~0.02‘1 *) e i
10° R exp(-0.02*4*) ----—

lw, ()

c10-10

loon (1

107%

10%

10-10 ) 1 N
0 50 100 150 200
n 1

(d) Evolution of |w(t)], |wa(t)], |wa(t)] up
|wa (2)] to ¢ = 200.

Fig. 6: Numerical solution of (2.3) with v = 0.02 for the initial data w(z, 0)
sin 3z.

(c) Log plot of the Fourier coefficients

= —(0.5sinz +

Fig. 7 Numerical solutions of (2.3) at ¢t = 4 for various v. The

initial data is wp(z) =
—0.5sinz + sin 3z.
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0.1

" 1=0.01
s 120.1
0.08 -

t=f ——

k.9

oo (t)!

70 80

10-10 1 1 L
n 2 4 6 8 10
t
b) Log plot of the Fouri flicent
(b) Log plot o ‘we(t)o|ur1er coeflicents (c) Evolutions of [wy(£)] (n =1, ,5)

Fig. 8: Numerical solution of (2.3) with v = 0.1 for the initial data, wo(z) = 22;1 A, sinnz,
in which A,(n > 1) are given randomly.
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n=1

n=2 -~-----
e N=3d oo

10-3 _‘«\\\".,.‘ exp(-0.171°) e

fop{t)!

IO-!O 1 1 It s
0 5 10 15 20
t

Fig. 9: Evolutions of |wy(t)], |we(t)| and |w;(t)| of the solution of (2.3) with v = 0.1 for the
initial data, we(z) = Zgzl Apsinnz, in which A; = 0 and A4,(n > 2) are given randomly.

5. TLHLER

BEFFEAXD—RKILET )V & LT De Gregorio MRE L= A2 (1.10) 2 HUIEEHE TR
2 FERIILTOBED THo Tz

1. v =0 ORI, SRIGES 05 0 TR B, Tibb, fw D—RMA — ST A
A TREHIEE AL S, BRMIERT 2BRICHNT, FEESUNOETIE, R
2B HWHET (HRADE M) R <

2. v >0 ORI, R LR TIZTRTOMEMEIZN USSR ASIICEEL, t — oo
TEOICENET 5. Lrd, TOEHEMREIL e ising OMBERTH .

IN% CIM HRERE BT 2 &, v > 0 DRI, Schochet DFHL [11] THRBEI N LS 7z
[ U3 De Gregorio DHBRTIIBHEINAEL D TH S, TOERT (1.10) ROLELD vw,
DHIFw DREFZTDHEBICTH ZEEEZA TS, BFEIKEBOEEIIDVWTIE, BO7
DA VFHEZR25 ZENEETH D0, BMRAFEROL > B REEENE LAanED
ICEEL W,

=7, v =0 OROKERIL, HEIN TV HDTH 2 EIRE AR, BEOEL ZTIZEN
5, ZRITOMEHERXOMIMMERT 2 &1L, ZHURENEGROBM CEE XIS S 2
ETRIDEFREINTNS [2. CLM ABRKTH, w(z, t) DA E SIIHREOIFMCEE LI
FHT D, LU, BB NTHE S MR, De Gregorio DEFI T, w(z, t) BER
(LBER) BEERONTRRBIENIEDTHS. ZOREOEENIEBZIZONT
W, E5R5FBRNNVETH .
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