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Abstract 

In this paper, the regular perturbation method and the Adomian 
decomposition method are used to construct the solution of the FHN 
equations. 

1. Introduction 

The FitzHugh-Nagumo (FHN) equations [13] form a reaction-diffusion model. 
The FHN equations are used to model the electric waves of the heart: the excitation 
wave and the recuperation wave. Because of nonlinearity, they do not have an exact 
analytic solution. Solutions have been constructed by the uniform fixed “grid 
method”. Recently, Longin Some of Ouagadougou University, in his Ph.D. thesis 
[12], [14], has constructed a numerical solution using the mobile grid method. The 
Adomian decomposition method (ADM) and the regular perturbation method are 
very useful to get an approximation of a solution of an equation. Here, we use both 
methods to study the FHN equations. 
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2. An Application of the Regular Perturbation Method 

General properties of the perturbation method and its applications can be found 
in [11]. The general form of the FHN equations is given by 
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where δγγε ,,, 21  are given real constants, ( )tzu ,  is the excitation wave, ( )tzv ,  is 

the recuperation wave, z is a space variable and t stands for time. 

We examine the following initial and boundary value problem: 

( ) ( ) ( ) ( ) ( )

( ) ( ) ( )( ) ( )⎪
⎪

⎩

⎪
⎪

⎨

⎧

><<−
∂

∂
+γ−ε=

∂
∂

><<−
∂

∂
+−−=

∂
∂

0,5050,,,,,

,0,5050,,,;,,

2

2

1

2

2
3

tz
z

tzvtzvtzut
tzv

tz
z

tzutzvtzutzut
tzu

 (2.2) 

with the initial conditions 
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and the Neumann boundary conditions 
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Suppose that the solutions ( )tzu ,  and ( )tzv ,  of problems (2.2)-(2.6) have the 

following form [1]: 
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where ( )ε,,1 tzR N  and ( )ε,,2 tzR N  are the remainder terms of these two series. 

Taking (2.7) into (2.2), (2.3), (2.4), (2.5), (2.6), and collecting equal powers of 
ε, we obtain systems of recurrent initial and boundary value problems for ( )tzui ,  

and ( ) ...,,2,1,0,, =itzvi  
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etc., and further systems for higher order terms of the series (2.7) can easily be 
calculated using a symbolic computation package, such as Scientific Workplace, 
Maple or Mathematica. 

3. Application of ADM to Find the Terms of Series (2.7) 

General properties of ADM and its applications can be found in [1-10]. To find 
( )tzu ,0  and ( ),,0 tzv  we consider system (2.8). We first get ( )tzv ,0  using the 

following initial and boundary value problem: 
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According to the ADM, we suppose that the solution of (3.1) has the following 
form: 
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From (3.1), we have 
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From (3.3)-(3.4), we have 
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We thus obtain the following Adomian algorithm: 
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which gives us 

( ) ( ) ( ) ( ) ,0,;;0,;0,;1.0, ,02,01,00,0 ===−= tzvtzvtzvtzv n  

so that 
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To find ( ),,0 tzu  we consider the following initial and boundary value problem: 
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We modify problem (3.7) and examine the following equivalent problem: 
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Thus, we have 
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and note that, in the interval [ ],50,50−  ( )z1ϕ  and ( )z2ϕ  have the same graph. 

We suppose that the solution of (3.8) has the following form: 
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and obtain the following Adomian algorithm: 
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( 32322120 105901.110214.1100227.2 ttt −−− ×+×+×+  

) 4528426 107359.1105635.8 ztt −− ×+×+  

( ) 6440338236 106788.2102003.9100473.9 zttt −−− ×+×+×+  

( ) 8351249 100833.210107.4 ztt −− ×+×+  

( 25610263 101012.310648.9104800.2 ttzt ×+×+×+ −  

)
201.06543 00015.01068.0373.302.4320 zetttt −++++  

( 4326 44.444.824.62942100487.1 tttt +++×+  

) ( )
22 03.043202.05 3.004.103.10141009.0 zz etttet −− ++++  

( ) ( tetett zz 705.0204.032 109127.20.486.50.1104
22 −−− ×++++  

46332 100.810208.220237.0 ttt −− ×−×−−  

) ( 3201.02515 00064.013248.0104998.2
2

ttezt z −−+×+ −−  

) ( 202.02413 0192.0102500.1
2

tezt z −+×+ −−  

)
22 04.0221103.02312 10333.3101109.3 zz eztezt −−−− ×+×+  

( 31727 106664.6106000.1 tt −− ×−×+  

) ( 21501.04426 109998.3107359.1
2

tezt z −−− ×−+×+  

)
22 03.0422402.04325 10258.9104807.6 zz eztezt −−−− ×+×+  

( )
201.06338228 100003.6108516.1 zeztt −−− ×+×−+  

,10928.8102858.1
22 01.0825002.06236 zz eztezt −−−− ×+×+  

etc. Using (3.14), we can calculate each term of the series in (3.10), and obtain the 



AN APPLICATION OF THE PERTURBATION METHOD … 167 

solution of (3.8): 
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and we suppose that the solution of (3.15) has the following form: 
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which gives us 
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( 2610364 108238.40.2102667.8 ttzt ×++×+ −  

65435 0178.00746.61.1080100337.1 tttt +++×+  
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)
201.04527417 104718.3106666.1 zeztt −−− ×+×−  

( )
202.04315425 103333.1106202.1 zeztt −−− ×−×+  

( 43803.04324 105001.110086.3
2

tezt z −−− ×+×+  

)
22 02.0633701.06329 10286.410172.6 zz eztezt −−−− ×+×−  

,10976.2
201.08350 +×+ −− zezt  

( ) 29
1

11
1,1 109939.10.10100252.1, tttzv ×−γ−×−=  

5437 25.240.95897109136.1 ttt −−×−  

12746 10977.1100714.119666.0 ×−×−− − tt  

( 320819 100453.41044.7 tt −− ×+×+  

524421 105408.910214.1 tt −− ×+×+  

) 2729626 109597.4104253.3 ztt −− ×+×+  

( 337435 100715.1102619.2 tt −− ×−×+  

) 4640537 106788.2103801.1 ztt −− ×+×+  

( ) 6551448 108332.5109166.1 ztt −− ×+×+  

( 328462 .3215902.01086.1 ttzt −−+×+ −  

6254 100248.23206.488.516 ttt −×−−−  

)
201.08875 103573.5100857.5 zett −−− ×−×−  
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( )
204.054 0224.036.7 zett −−−+  

( 543 6489.182.2097.6990 ttt −−−+  

) ( 302.0766 08.0105714.800592.0
2

tett z +×−− −−  

)
203.0654 0006.030912.0708.50 zettt −−−−  

( 3205.04 17.6430004.04.0
2

ttet z ++− −  

6454 1005.408642.0339.10 ttt −×+++  

)
201.028976 100715.1100171.1 zeztt −−− ×+×+  

( 5243 105962.63943.863.279 ttt −×+++  

)
202.027764 104286.310368.2 zeztt −−− ×+×+  

( 5234 108547.10144.00428.3 ttt −×+−+  

) ( 403.026 5888.06.3
2

tezt z ++ −  

)
22 05.02404.0253 04.010792.1 zz eztezt −−− +×+  

( 45618 107664.1106667.6 tt −− ×−×+  

)
202.0431658 108887.81012.5 zeztt −−− ×−×−  

( 4638 107483.6103353.5 tt −− ×−×+  

61058 100667.110416.4 tt −− ×−×−  

) ( 51601.04720 105996.5103807.2
2

tezt z −−− ×+×+  

)
203.0432846 107774.21076.5 zeztt −−− ×−×−  
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( 41204.04414 103333.5107776.1
2

tezt z −−− ×+×+  

)
201.06631521 103145.2103333.1 zeztt −−− ×+×−  

22 01.01045402.08440 10976.2107144.1 zz eztezt −−−− ×+×+  

( )
202.06419529 103333.5101846.5 zeztt −−− ×−×+  

203.06427107775.2 zezt −−×+  

( ) .10172.6102001.1
201.08433542 +×−×+ −−− zeztt  

Thus using (3.17), we can calculate each term of (3.16), and, by the same 
process, we can calculate ( );,1 tzu  and deduce solution of system (2.2) from this. 

4. Conclusion 

1. We remark that using the regular perturbation method and the ADM, with a 
symbolic computation package, we can construct a solution of the FHN equations 
which is valid in a bounded domain. 

2. Our future preoccupation is to study the convergence of these solutions and 
draw a comparison between these results and those of Some [12]. 
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