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THAEZ SRR 21k ik 155 T FitzHugh-Nagumo J5 F2 BT ) Jacobi % [ PR %5 fift. Kawaha-
ra Fl Tanaka'®’ A Hirota J7iE A FitzHugh-Nagumo 5 R WA B i

JIr A Z BT SCHR 3R 15 19 FitzHugh-Nagumo J5 B2 (1) i B7 i 221 4 3% 22 14,2006 4F-, Dancer Fl1
Yan'"IEB] T FitzHugh-Nagumo J5 B2 7E SLVE AP AT — S RUEAR ST It 1 A7 ek, SR A AT T 1%
A ST B

TEASC , 45 FitzHugh-Nagumo J7 A4 1 WIRA A AU I ST I A A 28 357 T M1, 3X & Dancer
A Yan UERA A A AATE M 2 55— U A e AT a2 4 D 0 AR A SR WA IS B84 At AE 30— 2B oK ik 2
HIL GBI ¢ =x — o, HOTRRALIE A

u +eu —au+ (1l +a)u’ -u’=0, (2)

IR FRRT € R S
1 oIy

T3 D5 R AR S I A G2 B SR AR i 0o (o) 1A SUIBUR: , JF HLIBUE X
BN x = 2y, XFETFE w(x) BT AFRIRILTE « = x, A JRIFIHREOE K

d'w(x
v = || 3)

HorA, w(x) BRI, W(x) B2,
w(x)=k2_6W(k)(x—xo)k. (4)
M, = 0B, PREL w(x) RES TR — AT BEIE AR (2) w0 () 2B

< v L d"w(x) .
w(x) = ;)W(k)x = 12:?) P l: o } x=0x . (5)
HARRE w(x) B9 M B
B Mo [dhw(x) P M .
w(x) = 1;) k'[ W J X:Ox = ;)W(k)x . (6)

F BTl 2Rk B FEA R am S v,
T MOPEHI ST

Table 1 The operation for differential transform method

original function transformed function
w(x) = g(x) +h(x) W(k) = G(k) + H(k)
w(x) = ag(x) W(k) = aG(k)
w(x) = dga(ix) W(k) = (k+1)G(k)
k
w(x) = g(x)h(x) W(k) = X 6(rHk =)
w(x) :3”?# W(k) =(k+1)(k+2)-(k+m)G(k+m)
X

2 HJ# peakon soliton fi#
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u(0)=1, u(+ o) =0, (7)
T BRI — T BER A5 w (0) = 0 SRAFELE AR S AL IIST D Dk e A & A7 A 1, RIAF
FEw, (0),u, (0),-,u'” (0) /G R (2) BT .

(k+1D)(E+2)U(k+2) +e(bk+1)UkE+1) —aU(k) +

u+a>§Uoﬂmhﬁ>—§%Uxhw>§Uonm—n)=a (8)
HALRRI R Al
U0)=1, U(1)=-1 (9)
2R 1 B S B BRI S @Z@%%%,ﬂ?ﬁ%%&iﬁ%$@ﬂéwzu
1 1 1 7 1
U(2>:?, U(3)=—?+E U(4)—£—Ea,
9 13 1 19 31 13 (10)
US)=-—+—a-—a,U6)=— - —a :

+o
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BAER R TR B I K
7

u(§)=1—§+2§2+(—;+éaj§3 +(24—éaj§4+

9 13 1 19 31 13
-t - — || — - a+ 21g e, (11)
40 120 120 120 360" 720
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3 FHEgR

R T BSR4 WAAE (Padé ) JE T I3 AR Bk | BIGST A8 8- A7 ( differential trans-
form-Padé, D-P) i@ iT 1k,

6 Bl
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1 1 1 7 1
ulo(f):1_§+2§2+(_3+6a]§3+[24_6aj§4+

IR IR B PP U BOS E I PP
40 120 120 120 360 720

29 a2 + 1 a3 67 +
5 040 90 1680 5 040

[ 479 1 307 91 23 zj g
o - o | &+
5760 20 160" 6 720 20 160

2 669 319, 1693, L e 1381,
a - o —
51840 % T 181440% T 120960 % T 362880 ¢ 22 680
1037 3221, 49307 1, 160873
o + o+ o+
7252007 T 18144007 36288007 20736 3 628 800

jw.uw



B af =

S

1144 48 TN T & L

IR L3RS 5, T AR 6 T (b4 S AT IARGEST , JF FLAREI 1,4 ) B A8 - i s )
ﬁzﬁ( D-P approximation) ;

tery 41 (€) =
2 _ g -
{_3+4a+w5}/{_3+4a+w5+
5 5
202 —60(_2§2 . 16a - 1747 —9§3 . 11 - 12a - 200 —404354}. (14)
0 30 120

FXT 10 Bric gl B riafsE v, HAS 2N 1,4 ] Briiss 28 e-a i U7 ( D-P approxi-

mation) :

u10[1,4;(§):
2 _ 2 _
{_3+4a+w§}/{_3+4a+w§+
5 5
20° - 6a - 2 2, 16a—17a2—9§3+11 —12a—20a2—4a3§4}. (15)
10 30 120

31 #Hl1.a=05
Moo= 0.50, ATLITE & > 0 BTE ARSI 6 Bt 28U A
ug(€) =1 — &+ 0.58 — 0.25&° + 0.2&" — 0.172 9&° + 0.12¢° (16)
110 B i U

1
u(€)=1-¢&+ 552 - 0.258 + 0.28* = 0.172 98 + 0.12¢&° -

0.078 7&" + 0.054 21&£° - 0.038 4&° + 0.027£" . (17)
FHPAPEE A uo(€) , TEIE P B33 1,41 B D-P i RE A
w. (&)= L= 015 (18)

1.0 + 0.85¢ + 0.35£> + 0.175&> + 0.004 166 666 517&*
FRYEXTFRE , 7T LIS 21 R T =
1 + 0.15¢
u._ (f) = 2 3 4 °
1.0 — 0.85¢ + 0.35¢% — 0.175€° + 0.004 166 666 517&
32 HEHI2:a=06
Moo= 0.6 i, AT LIASE 6 B s s 28 i
ug(€) =1 =&+ 0.58 - 0.238° + 0.19¢" - 0.163¢” + 0.113&° (20)
F1 10 B s o 28 e i Ay
w(€) =1 - &+ 0.5 - 0.236° + 0.19¢* - 0.163¢° + 0.113¢° -

(19)

0.07357 + 0.05«_;fg - 0.035§9 + 0.024510 . (21)
S () Tl (£) 1SR 350 1415 D-P L
1 0.147
u, (€)= + 0.147¢ (22)

1.0 + 1.147& + 0.65¢> + 0.3& + 0.06&"
il

1 - 0.147¢
1.0 - 1.147¢ + 0.65&> - 0.3&° + 0.06¢* "

u_ (&)= (23)
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33 Hfi3.a=07
Mo =070, LR 6 Brisor A

ug(€) =1 =€+ 0.56 - 0.2 + 0.175¢* - 0.153 25¢° + 0.1&°

110 B AL i Ay

(24)

u(€) =1 -&+0.58 - 0.2 + 0.175¢" - 0.153 258 + 0.1&° -

0.067 2&7 + 0.044 46&£° - 0.031 1&° + 0.02£" .
X ug(€) Flu, (&) NHMAEEE ST, 75380 1,4] K D-P TR .

(£) = 1+ 1.6
G S T 06E 4 218 + £ + 0.3578
il
. 6~ I - 1.6¢

34 EHl4.a=0.38
Mo =0.8 B, AT LIS 3] 6 Brfslsr AR el

ug(€) =1 — & + 0.58 = 0.28° + 0.158¢" — 0.144£° + 0.1&°

110 B A2 it A

1 - 2.6 +2.18 - € +0.357&°

(25)

(26)

(27)

(28)

up(€) =1 -€+0.56 - 0.2 + 0.158&" — 0.1448 + 0.1£° -

0.062&" + 0.04£° — 0.027 76&° + 0.019 2£" .
X ug(€) Flw, (&) N HMATEE 455 1,4 ] B D-P i RUE .

. 1 - 2.76¢
e 1 - 1.76¢ — 2.26¢8% - 1.188° — 0.56¢"
u (£) = 1+ 2.76¢

1+ 1.76& — 2.26&> + 1.18¢° - 0.56&* "

(29)

(30)

(31)

LR RIS, 0.4 < a < 0.9 IFAEIQIEANSL I 6 Bram UE AT 10 Brik
LA BT A , I e A - A P A, A3 T 6 Bl UMELRI [ 1,41 B D-P L RME w4

110 B RUE [ 1,4 B D-P SEAUE w4 -

F1EBRTHEeE=00(a=05,a=06,a=07,a=0.8),6 IR u, A 10 Bzl H
w, B LB N EEFT LA ), 2R b B, vT AT B 2 B A S AR S8R o ISR L g IR
SE R AR SCH A 003 A8 - WA A AU T AR gy 0y P wygp, 0 — B IREN T — AR

10 — the 6th-order DTM solution
o the 10th-order DTM solution
0.8 - - [1,4] D-P solution for 10th-
order DTM solution
0.6 + [1,4] D-P solution for 6th-
" order DTM solution
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1.0+ — the 6th-order DTM solution 1.0 1 — the 6th-order DTM solution
o the 10th-order DTM solution o the 10th-order DTM solution
081 --[1,4] D-P solution for 10th- 081 --[1,4] D-P solution for 10th-
: order DTM solution : order DTM solution
+ [1,4] D-P solution for 6th- + [1,4] D-P solution for 6th-
0.6 order DTM solution 0.6 1 order DTM solution
u ° u o
0.4 e’ 0.4 1 *g\oﬂ
o )
k‘k +\+\*
0.2 i 0.2 **‘N
+++++++ +$\+‘++++++
0 . ‘ | +++I++++++I 0 . . : “++‘+++++—»—‘
0 1 2 3 4 5 0 1 2 3 4 5
¢ ¢

(¢) a =07
B R o A I 0 R R 0 A - AR AL ) A
Fig.1  Comparison of the differential transform solution with the differential transform-Padé approximation solution

W RSE e , I B AR AT gt W S SR BRI i 7% T TR R — i 0, [] It A A 1 A L Y 428
T RE R SR 22 , R B A S0 FLAY WS AT, I UEBH 1 Ao 7R 40 X AN 12 252 3 figp DR ST A AT
RCPEN T S BITAR AT ARG b B0 5 2 - B ) A A A - WA R AL A AR R A
JE bR 7SO ANE AR, T peakon FUXTFRYE, AT IR ZE 55 AR A & < O A& ThT. i) A%
7 W R BT RA A 2(a) (b) L (e) FI(d) F7R.

(d) a = 0.8

1.0 t— [1,4] D-P approximation
4 for 10th-order approxi-
0.8 mation (1.4
o [1,4] D-P approximation
0.6 for 6th-order approxi-
u mation ;4
0.4
0.2

-10 -8 -6 4 2 0 2 4 6 8 10
¢

(a) a = 0.5
— [1,4] D-P approximation

for 10th-order approxi-
mation ;4,4

P1? o [1,4] D-P approximation
for 6th-order approxi-
mation w4 4

(¢) a = 0.7

1.0 g — [1,4] D-P approximation
for 10th-order approxi-
0.8 mation ;4
o [1,4] D-P approximation
0.6 for 6th-order approxi-
mation 414
0.4
0.2
-10 -8 -6 -4 6 8 10
(b) a = 0.6
1.0 — [1,4] D-P approximation
£  for 10th-order approxi-
0.8 mation 4 4
1% o [1,4] D-P approximation
0.6 f for 6th-order approxi-
u § mation w4 4
0.4 4
0.21

B2 u(é) Mt
Fig.2 The analytical approximation of u(§)
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T, 757 B IXRI (3,4 ] ORI mTRLE R BER o HER, BBERE TR,

1.04 0.071
| 0.061
0.8 0.05/
u
0.04
0.6
0.031
! 0.02
041 30 32 34 36 38 40
0.2
0,

3 AR - MO A A A B AR o FTXEREAY w (S 1T B BEAE ¥ I B X[ 3,4 170K
Fig.3 The u profile obtained from differential transform-Padé approximation method at different values of
(the profile section interval [ 3,4] is zoomed in a sub-figure for easy comparison)
®2 JR()Ta=05 a=06,a=07,a=08RMHRKRL
Table 2 Numerical values whena = 0.5, @ = 0.6, @« = 0.7, @ = 0.8 ineq.(1)

¢ a =05 a = 0.6 a =07 a =038

0.5 0.602 749 024 50 0.604 002 454 00 0.605 190 641 30 0.605 557 583 80
1.0 0.357 267 950 90 0.362 958 534 10 0.367 666 048 50 0.369 722 008 20
1.5 0.210 929 194 20 0.221 423 142 80 0.228 906 097 80 0.231 833 766 30
2.0 0.125 748 503 20 0.139 354 468 00 0.147 821 213 40 0.150 840 971 70
2.5 0.076 130 055 77 0.091 029 984 94 0.992 536 430 80 0.101 986 981 50
3.0 0.046 758 767 57 0.061 704 589 36 0.369 128 658 77 0.071 465 734 69
3.5 0.028 979 520 88 0.043 274 773 28 0.049 743 679 03 0.051 694 542 07
4.0 0.017 964 072 24 0.031 282 311 96 0.036 827 793 78 0.038 443 080 73
4.5 0.010 991 624 57 0.023 221 715 85 0.027 946 070 78 0.029 283 238 54
5.0 0.064 970 225 99 0.017 642 568 39 0.021 664 322 70 0.022 775 462 98

2 W TR S - M TSR T AR (1) JAR BN TR] o (B I R0 A (A5 T 5
AR, 222 HEH T 10 Bram U Cn B[ 1,4 T B A28 4 Ba 7 013 ) U8R RS R mT LUd iod
THIASE Z T (U R i .

4 5w

FEA SO B 4t A IR A3 A8 e i) S5 B AP E T, A T — SR Y, S8 @ BT, X
FitzHugh-Nagumo J5 & A7 B XU fife, HL 32 22 FEAEUR BR 1 11 5 2% A2 1 & 307 IS i AN
FAAEWEAR , H-S B0 OIS A E PN AE. 5 SRR W], U R B AE S HUR/ NI DL AT L sk 4
B BRI GX R WX AR 7 AR T — B K i A R A1 FitzHugh-Nagumo J7 #2581 peakon
ik KT k.
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Finding New Types of Peakon Solutions for
FitzHugh-Nagumo Equation by an
Analytical Technique
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Dalian, Liaoning 116085, P.R.China;
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3. School of Mathematics, Dalian University of Technology,

Dalian, Liaoning 116085, P.R.China;
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Dalian, Liaoning 116085, P.R.China)

Abstract: The FitzHugh-Nagumo equation was studied with an approximate analytical method .
the differential transform method. Peakon soliton solutions to this equation were presented. As
a result, more new types of peakon solutions were obtained. The convergence region and rate
of the differential transform method were also analyzed. The differential transform method was
successfully combined with the Padé approximation technique, to construct an explicit, totally
analytical and uniformly valid peakon soliton solution to FitzHugh-Nagumo equation. The main
idea was to limit the boundary conditions while let the derivative at the crest of the solitary
wave not exist but the solitary waves of the derivative exist at both sides. The obtained results
show that the differential transform method can avoid the limitation of perturbation under con-
ditions of very small parameters. The present method provides a powerful and effective mathe-

matical tool to obtain new types of precise peakon solutions for FitzHugh-Nagumo equation.

Key words: FitzHugh-Nagumo equation; peakon solution; differential transform method; Padé
approximation; convergence region and rate
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