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analytical solution.
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TG HLE AR 3R 7 1R) N G 2 TR I IR 7 [l Ak 243
BRE S o KT, $H4 T0 FIE B AL 3607 17
M. LA 0L, REF S a2 5ME T AR
PR ok A i 77 1) 25 U AE DG 1.
H4J3 FitzHugh-Nagumo R4+ o = —2
e = Pu) = u(u - 2)(1 )
x € 2 =[-10,10],

Ut

u(—10,t) = —5,u(10,t) =5 t>=0,
1 T
u(x,O)—g[lfcoth(—Q—\/ﬁ)} x € §2.

XF FARWIAAE N R, H AT R G IR
Fab . AT I [F] P W46 26 AR S 564, 45
T BT R R R T B R 24 2 A TR B AR AN i 1
A IR 22 73V IR BB A R R L

TEHUE A BRI, 2 H 2P K Az = 0.05,
At = 0.0001, 758 Pk EN = 400. X T i
(A PR 22 3 1 1A B ) 25 R0 2 ) 25 K 3 5 4 1 3%
IR %5 B A5 BB AR B), 500 TF 55 XA [—10, 10,
i LRI 3.

B3 UL, M RGHREF (u) IS E o L
BN — 1, BUAETE 52 2 40 5t T BE & B
B, A2 T A R 4 ik R AR R B I . Ik

15 T T T T
— LBM
#r FDM

u(x,t)

10-8 -6 -4 -2 0 2 4 6 8 10

z, t=1

~10-8 -6 -4 -2 0 2 4 6 8

10
x,t=25
3
* 1R MFDM 753 21 (¥ B {2 A
Fig. 3.

I, R0 B o = 0 dbMh e kb P A A, HL
PG AN  BEI [A) O HERS T 2% MDY 4SS fE it
F LU Y, ARSI IS AORS T BUR 20 2R I BUE
i 5 It A IR ZE AR RIS E B IE R, R
AARGFH)— 2, R FTHIE RS T BUR 32

A R ARG 52 1

2 N[ ZIEAT A LBM 73 2 00 BUE R 1 L, 52
AR MR

Fig. 2. Comparison of u(z,t) at different time between
the numerical solutions obtained by LBM and analyt-
ical solutions of u(z,t). The solid line represents the

analytical solution.

10-8 =6 —4 —2 0 2

— 10
T, t=2

4 T T T T T T T T T

3[ - LBM

2 4k FDM ;.

3 i i i i i i
-10-8 -6 —4 —2 0 2
x, t =10

(TR ) LBM FIBE M u(z, t) 5 MFDM RIBUEME u(x, t) FIXTH, SREAUR LBM 7745 21 i 5uE %,

(color online) Comparison of the numerical solution of u(z,t) obtained by the LBM with the

modified finite difference method (MFDM). The solid line represents the solution obtained by the LBM, and

* represents the solution obtained by the MFDM.
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B4 FitzHugh-Nagumo RFHHl o = 3/4

Up — Ugy = F(u) = u(u— Z)(l —u)

x € 2=1[-10,10], t> 0,

1 1 b) t
u(—10,t) = 3 + —tanh <— — > t>0,

2 /2 8
u(lO,t):%Jr%tanh (\%;) t>0,
u(:c,O):%—l-%tanh <2$W) x €N

AR
u(z,t) = % + %tanh (2367\/5 - é)

N T 75 BRSO R 3 MG T BR 28 2 AR
R 220 B, JA 4 i 7 A AN [ %) R LBM
AN MEDM A8 7 5 A A 8 B0 4R 225 LR O, AL
B2 BUEME KRR, AT HiE K LBM A
HUE AR IR Z /N T MEDM 15 2508 R (1152 2.

[, FATHR L BT A SCHT & B LBM )

Numerical solution u(z,t)

0 —10

HAH RS AT AR e 230 L B4 (a)  LBM AT
P u(x, t) BUEM: B4 (b) NEHTR. BATATLL
BRI H B ARG — 80k, #E—0 U T AR
A FRIAR T 3 IR 24 2 L PG Kk

B0, ATHRIEAHF I DK T, ANH
{18 25 1F0) D) A 500 A 7 33 7R 25 12 A R 3R 25 R T ) 5
M. A T 9800 B TE) DA (1 5, R e U
AN TE] 25 K At = 0.001. BEE Bt = 2.0 1 %
BAE IR w(w, t) S5 AENT IR Loo BEARZE RN Lo BRI 22,
SER WA 3. NRIMEE R LUE H, 2723 = M
HA5 /N R 2 8] P KA ORI, AR SC AT R4 (1) LBM A5
R AU S AT AR IR Z K. Bl 25 8]
N, 23 [ DA AR /NI P Ao A 5% 22 TS AH S4B /)8
TEAR AR R T, Lo #5815 22 Fif 45 % [A) X 4% £ AR 4L
1E2.0147 $1]2.4416 Z [H2E3)). Lo B2 KA 25 (]
WA ¥ B AR AL TE 1.9625 F1]2.4325 2 [A]AR B, X 4 b
R 22 T B USSR #8 K T 2.0, BT BH AR SC T M it
(IR T 3% 7R 25 = AL 1 2 RS FE AR T B

Exact solution u(z,t)

0 —10

Ka (MTEE) (a) BAEWF uz, t) N2ZEALE; (b) BHTHE u(z, t) 28I, 2800 Az = 0.2, At = 0.06, N = 100
Fig. 4. (color online) (a) Space-time evolution graph of the numerical solutions of u(z,t) obtained by the

LBM; (b) space-time evolution graph of the analytical solutions of u(z,t). The parameters are taken as

follows: Az = 0.2, At = 0.06, N = 100.

2 ACHER LBM FEUE A MEDM (AUE MR S R Z S0, 28 Az = 0.2, At = 0.06, N = 100
Table 2. Comparison of the errors obtained by the LBM and the MFDM with the analytical solution. The
parameters are taken as follows: Ax = 0.2, At = 0.06, N = 100.

Loo Lo
t LBM MFDM LBM MFDM
0.2 8.5283 x 10~° 7.1027 x 10~ 4.8342 x 1076 7.8909 x 10~°
0.5 3.3511 x 10~° 4.1554 x 10~% 6.0895 x 10~6 8.3528 x 10~°
1.0 1.2435 x 104 9.1033 x 10~* 2.1312 x 10~° 5.3402 x 107°
2.0 5.8317 x 104 3.1416 x 104 5.0170 x 1075 8.1671 x 1075
3.0 2.8166 x 10~* 1.7297 x 10~ 3.3551 x 10~° 1.3122 x 10~*
5.0 6.1098 x 10~* 3.2436 x 10~* 1.7965 x 10~ 4.8344 x 10~*
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F3  ALHMIER) LBM (WAUE MRLEA F 25 [0 R E N R IR Z 5 AN $, 240 At = 0.001, t = 2.0
Table 3. The errors and the convergence rate of the present method for u(z,t) with fixed time step At and

different space grid N. The parameters are taken as At = 0.001, ¢t = 2.0.

Loo Lo

kTN LBM Wi LBM Lesidy

20 2.3060 x 1073 3.6092 x 1073

40 1.0324 x 10~3 1.9625 1.4637 x 10~3 2.0147

60 5.9989 x 10~4 2.1164 4.6251 x 10~ 2.1037

80 4.2095 x 10—+ 2.2312 2.0136 x 10~* 2.2472

100 5.8317 x 10~% 2.4325 5.0170 x 10~3 2.4416

Koido T, Furusawa T, Moriyama K 2008 J. Power. Sour.
5 gég %W 175 127

AT $ FitzHugh-Nagumo & 4t i) 20 {H i,
FATHE T A B IE B BO YR 3T 4% T Boltz-
mann TR R H 2 ]EH AR 15 FitzHugh-
Nagumo R 4t15 2] 1 K&, BEM 5N+ 2w
B30, AR S T — IS A2 IR R B B
Jiik, MMZT7 ik, AR BT R e T iR
A T 14 N PR A2 TE T3 R 2 h(w), TRV, 3 A% X
Lo Fa @ HAE — B A T3] 1 fRIE. 18X 6
B F(u)H ERZSE o KA RBUE AT 07 E5, 3A
32T o KIFF S AR, S EUE S T B AR R R
PN #0270 I AR ()R 2 TSk A B T 1R A S
Hh, Ba < —1IF, PR ik £e 1 Ar B 7 A g
MWR.

AR ST RS AT BLAE ) B s 4E 9 FitzHugh-
Nagumo % 4t J 4 & 1 FitzHugh-Nagumo £ 4t 1
LBM B, FATREAEA J5 4k L e ITH S 5%

Y R A e 1 P S TGS A SO L PR 5 5 L
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Abstract

The lattice Boltzmann method (LBM) was proposed as a novel mesoscopic numerical method, and is widely used
to simulate complex nonlinear fluid systems. In this paper, we develop a lattice Boltzmann model with amending
function and source term to solve a class of initial value problems of the FitzHugh Nagumo systems, which arises in
the periodic oscillations of neuronal action potential under constant current stimulation higher than the threshold value.
Firstly, we construct a non-standard lattice Boltzmann model with the proper amending function and source term.
For different evolution equations, local equilibrium distribution functions and amending function are selected, and the
nonlinear FitzHugh Nagumo systems can be recovered correctly by using the Chapman Enskog multi-scale analysis.
Secondly, through the integral technique, we obtain a new method on how to construct the amending function. In
order to guarantee the stability of the present model, the L° stability of the lattice Boltzmann model is analyzed by
using the extremum principle, and we get a sufficient condition for the stability that is the initial value uo(z) must
satisfy |uo(z)] < 1 and the parameters must satisfy 0; < —7(1 + a)%, (i = 1-4). Thirdly, based on the results
of the grid independent analysis and numerical simulation, it can be concluded that the present model is convergent
with two order space accuracy. Finally, some initial boundary value problems with analytical solutions are simulated
to verify the effectiveness of the present model. The results are compared with the analytical solutions and numerical
solutions obtained by the modified finite difference method (MFDM). It is shown that the numerical solutions agree well
with the analytical solutions and the global relative errors obtained by the present model are smaller than the MFDM.
Furthermore, some test problems without analytical solutions are numerically studied by the present model and the
MFDM. The results show that the numerical solutions obtained by the present model are in good agreement with those
obtained by the MFDM, which can validate the effectiveness and stability of the LBM. In conclusion, our model not
only can enrich the applications of the lattice Boltzmann model in simulating nonlinear partial difference equations, but
also help to provide valuable references for solving more complicated nonlinear partial difference systems. Therefore,

this research has important theoretical significance and application value.

Keywords: lattice Boltzmann model, FitzHugh-Nagumo equation, Chapman-Enskog expansion, finite

difference method
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