46 8 1997

8

1000-3290/ 97/46(8)/1457-07

ACTA PHYSICA SINICA

Vol. 46 No. 8 August, 1997
©1997 Chin. Phys. Soc.

Fife eikonal
e e 1) NI D))
X E 7 =R
¢ . 100083)
2( 100080)
(1996 12 25 )
Fife eikonal . . eikonal
, Fife eikonal ,
, BZ
Fife
PACC: 0340K
1 5 =
, A-w ,
eikonal .
Flfe )
Ur — D1A2u+f(u, V)/(9
vi =DA% + gCu, v).
) 1) (1 ) B
202
ar= A%u+ fQu, v),
vi= ¢ +gCu, v),
u s V s € ’ 0
fCuyv) N cgCu, v)
=0 , 1
2) ,

Fife ’

(D

)



1458 46
2) =0
fCuv)=0, vi= glu,v) 3)
gu,v)=0
ur= h+ (v), vi= g(h=(v),v), 4)
ur=h+() fCus v)
’ (3) 2) ;
Flurv)=0 uv & 4,
Qp Q- 09
v ; u
.u
. ; u+=h+ )
[2 3]
! > , Keener!”
u-v ,
N+ &K= c. 5)
&) eikonal ’ N , K ., C
. Gomatam' * [3 (5)
eikonal ) 3) N
, K s C .
eikonal (u=h+(CV)) (u=h-(V))
. Fifel @
(1 , [3]
, eikonal ,
eikonal s )
, eikonal , Fife ,
eikonal
2 AMER
Fifd 9 ,
> )s
t—~ e ),
c>c + e« ).
Winfree!?  Fitzhugh-Nagumo ) Fife . Karmd
, Fife eikonal Fife
eikonal Fife s Fife
eikonal s BZ
[9]

eikonal



8 . Fife eikonal 1459

o X ra Fop "X o X
c= — , (6)
o Il | i Pl | el
r ’t ’A’n [1q.

x = (Ro+ Pcos Pecos ¢,
= (Ro+ Pcos Psin ¥, D)
z=—Psin ¢
A=0,1=¢, ¢= o, b )
r= ((R0+ Acos WA, M £))cos™y (Ro—+ Acos PCA, M £))sin™y — Asin WA, M, 1)),
ro= (— XAsin ®os MY, — Asin “in M9 — Acos P° ),
ra= ((cos ¢— Asin ¥° @cos, (cos P— Asin P° Rsin”, — sin P— Acos P° &),
rn= (— (Ro+ Acos PsinM— Asin $osMH. (Ro+ Acos Peos
— Xsin %inM4%, — Acos P4
(8)

r= (2sin ¥° §— Xeos ¥° & — Asin ¢ fdcosh  2sin $° §— Acos ¢ &
— Asin 9* $Osin®, — 2cos P R+ Asin ¥ E— Aeos P G,

rm = (— (Ro+ Acos Pcos M+ 2 Asin Rin 1% — Acos YeosN G
— Asin ®os %, — (Ro+ Acos Psin®— 2Asin Yeos M9 — Acos Ytin 19
— Asin ®in M, — Acos P Y+ Asin P E).

9
(8, (O ® ,
_ A(Ro+ Acos D ¢
JlJr G J(RO+ Acos P74 A7
_{ mo%mm@uﬁ+x%+gﬁ>‘+4 o)
J(l +2 @’ J(R0+ Xcos P2 A7 ¢

(Ro+>\cos¢)2(sm¢’+>\cos¢ G+ (Ro+ Acos DAy + A2 § &)+ 22%sin P- 4%1
D& [ (Rotheos >+ 27 ) °

; z JA=0, 1= ¢, = e, 1),
B ) B 2‘17{“—)\%4—7\2‘1%_’_ gn P+ Acos ¢ &
SR g PP a8 E Retres® 1+ G an
, eikonal ) )
eikonal Fife >

eikonal

1) eikonal Fife , (6)



1460 46
R— X3y T—= V3 (= 3,
(6)
Rr “RiX R, Bm ~ RiX Ry | Ru ° RaX Ra
C= - 3 3 12)
IRy 1| Ry | Ry | Ry | IRy Il Ry |
, Fife , eikonal ap
0 ( )
° pq X
e = T (13)
I e |

A:pv 77:4’9 ‘Jt ‘l’(p9 4)91‘)

(15 (14

p(>\>: {)\2w27c2
C

0@

2 2 2
b ot oy AT

(13)

Cco ’

z ’
b T) b
:O 19 w:l, ROZIO

() 0 AC10, 05

5 c [Tt . (14)
m Ro 1 Acos ’

N=const

9

b= wt+ alc+p (). 15

{2 7 >
A wc 1 co. (16)

— arctan

. 4 Cos an

—arctan
(10) o) , , a=0 ’
’ ’ . Oﬁi()
. 2 t—= 19 co— Oy c— 19 Q= 19 ¢
A an . BZ

[ 11]

)

\

%&\\
)
@

W=

7,

(b <A< 15 0 < 4

no



8 . Fife eik onal 1461
2) Fife eikonal , ao
c= 0 =37, A= P3A.
o™ « )

A 2¢+t a2 d

1+2 ¢ [a+2 &)

(18) eik onal Fife , Keener
=1 . = wr+ (L), 0= A%,
A= e+ w0,
. [9] :
A 0= —cA/2+ w3+ 0 (W),
A 0=—wNc—w/c*+ 00/ N).

. o=0G—[3)F/4c
e_@{wH

c J3+ceAl
(18)
A ¢= k+ wt— A2+ >/ 6+ 0 (X);
A =+ wt— wr/ c— wlnk/ E+ 01/ V).
. w=0G—/3)F/4c
O= k+ wt — oM c— wln([3+ A)/ .
k . , "
, an ( " )
FAERNZEZN
2=
2. )
-2. X
3
: , . 3 Q1)
=1, o=1,0<< =<5, Ro=10 ) 0GP

b

a8)

eikonal

(19

(20)

QD

k=0, t=1,c
i



1462 46

3 &% %
Fife , eikonal R
[10-13 BYZ
1. Fife . s
Fife
2 eik onal Fife , ,
frg . 2) eikonal Fife
eikonal s (19). eikonal .
3 D . 0O : 2, 0¥
, eik onal ,
. Fife . o)
0 . Flfe . T)
eikonal ,

M athematica

J. P. Keenes SIAM J. Appl. Math., 39(1980), 528.

J. J. Tyson and J. P. Keenes Physica, D32(1988), 327.

J. P. Keenes SIAM J. Appl. Math., 46(1986), 1039.

J. Gomatam, P. Grindrod. J. Math. Bil., 25(1987), 611.

D. F. Ding, Phys., D32(1988), 471.

P.C. Fife Propagator-Controller Systems and Chemical Patterns, in: Norr Equilibrium Dynamics in Chemical Systems,
eds. C. Vidal and A. Pacaulteds(Springer, Bedin, 1984), p. 76.

7] A. Winfree, Chaos, 1(1991), 303.

8] A.Kama, Phys. Rev. Lett .. 68(1992), 397.

9] W.K.Burton, N.Cabrera and F. C. Frank, Phil. Trans. Roy. Soc. Lond., A243(1951), 299.

10 P. Grindwod, Pattren and Waves: The Theory and Applications of Reaction-Diffusion Equations (C lhrendon Press,
Oxford 1991, p. 177.

[ A.V.Panfilow A. T. Winfree Phys., D17(1985), 323.

[ B.J. Welsh, J. Gomatam and A. E. Buigess, Nature, 304(1983), 611.

[13] A.T.Winfree SIAM Review, 32(1990), 1.

[14]  J. P. Keener, Phys., D70(1994), 61.

[15] H.Linde H. Engel Phys., D49(199D), 13.



8 . Fife eik onal 1463

SOLVING EIKONAL EQUATION BY FIFE’ S SCALING

LIU SHEN-QUAN" LU QFSHAO"-?
Y (Department of Applied Mathema tics and Physics, Beijing University of
Aeronautics and Astronautics, Beijing  100083)
2 (Institute of Theoretical Physics. Academia Sinica. Beijing 100080)
(Received 25 December 1996)

ABSTRACT
In this paper, the Fife’ s scaling is used to deal with the three dimensional eikonal equation.
Firstly, we put the eikonal equation in the frame of the Fife scaling and obtain the expected scroll
waves. Secondly, we directly use the Fife’ s scaling to perturb the eikonal equation and obtain the
similar result. The results of two different methods are essentially the same and the patterns have

been observed in the BZ reaction.
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