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Abstract

In this paper, a nonlinear reaction-diffusion equation is reduced to the standard heat equation by
seeking appropriate nonlinear transformation and solves reduced equations with a variable se-
paration approach, finally, through the inverse transformation of the nonlinear transformation,
some new explicit exact solutions can be obtained.

Keywords

Nonlinear Reaction-Diffusion Equation, Variable Separation Approach, Nonlinear Transformation,
Explicit Exact Solutions

— M EE&M R M BT ERNE R

2R
JTINRZHE SE BRI, T &R M
Email: 707701855@qg.com

ks HiH: 2019412 H26H; FHHEM: 20204F1A8H; &4 HH: 20204F1H15H

wm B

ACE BB R B G BRI BR — N R M R P BOT R R R RS R 7, RERAZR
B BEERBREANMENRERIE, ReETX R RAE R A R RN BOTEEE
Xiid

FLERNY BTE, RES B, FRERER, SRR

SCESI A BRI AR RN O R I RO SR D]. N R, 2020, 9(1): 100-104.
DOI: 10.12677/aam.2020.91012


http://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2020.91012
https://doi.org/10.12677/aam.2020.91012
http://www.hanspub.org

BRI

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

PR, ARZRMERI 7R 2 N T AR RS SR TREL. (LR siE 2 R
A, FIRT, AR T RS AR R R TAEE AR R R R B T EE R . IR, M
AR RIS — LB L i o g FE AR 2R MR R GG R AR 1) 5 7%, T Hirota XU 1% 7772 1], Backlund 284 75 %[ 2]
FURCPHTE[3] [4], BB I7ES] [6], RIEBUNIET], EZRIETTIE8] [915F . AELtEmi sy 7 e
PSR SE — A1 o> AL R E R R R, 24 IR H — Mm@ H AT 28 R0 51, — ek,
T e R LOs AR B B AR AR MR I ECE R B AR M E T BOR A B AR T2, B AR B RATE
AR 2 M Ak 3 77 R EICEH oy TRR () BT X, e SR A e 2 1 sk 23 7 R B oy T R () A
M2 H b 7R RRE AR . SRMITEIR 245 00 NIRRT T RSl — AN A & AR 23 L2t il — &R 51
H1 22 Ak 7 7 FE L RSP T Sl e 1 (i 2 FR A [10] [11] 6

PR RBA TS a0 N AR Lt e BT 0 2

v

v, = AV, +%vf + kv(l—gj, (1.1)

Hrp, 2ak BIEEHEE, HA=0, XNAREMERNY BOTREZH IR T A2z bl KRah 11525%
U, TR Is 8 AR AR SEILR [12] [13], IEHRZEIVF 2 2E ). KT RSN R
LA O FR(L L) PTARE RS AT TR A — LS 8 [14] [15] [16], SRR &3 J7 W Fu b, AR SCHY)
H IAE T3 BIARLNE SN RO FE(LL) 8 AR B, AT AE LR S N B RE (L.1) RO AH SG BB AT 7T
T SL RN TE A, A ORISR 1 KB T S A TR A T $R (1A 06

2. HRAAFL TR
N TR ERRTRE(LL), TE kB G E M AR A, B BT i
u, = Au, +ku, (2.1)
MITRE(.1) AT QDRI TR IEQ.)MA TR £ F kA R B — N R
JEL SN BT FE(L ) AL SR AR (2.) 1A e, TR R, e A

u=g(v), (22)
Hopg(v) et mE, B
b=, 23
Uy = g"(v)vxx + g,(v)vxx’ (24)
#EEN(2.3) (24H)MRANTTH(2.1), W15:
9'(v)Vv = 2(9" (V)V} + 9" (V)vy, )+ 9 (v), (2.5)
ARk, XEEAIL 9'(v) =0, 0 LUFEI—A5 N 805 R (L. 1) 1 206 B 7 2
v = v, 123 ey 9W) 2.6)

IORCTO)

DOI: 10.12677/aam.2020.91012 101 IR Esid


https://doi.org/10.12677/aam.2020.91012
http://creativecommons.org/licenses/by/4.0/

YR FE(LL)AN(2.6), ZERBIXAIEL AR, WS T %0

(v)/g'(v) :—V -
1
T
T SR A ) T RRAH(2.7) AT B A0 R AR e
Y
u=g(v)=r—. (2.8)

sz, Q)R LUEDT ﬁﬁ@&%ﬁEﬁV=——%ﬁ§ﬁﬁQD RN Tt HFE(2.2),
B AR LFR L e™, BRI HTFE:

e Mu, =16 u,, +ke™u, (2.9)
P A
w=e"y, (2.10)
B AT K 7 72 (2. 9) LR — R vl 5 5 7
W, = Aw,,. (2.12)
i HE(2.8) (2.20)FATAT AR I: il Id LR 1A e
:g%g%’ (2.12)
(AT LUK 5 AR (L) A B 305 78(2.11)
3. BRI

AT A AR BEER I AL SRR QAN K — e B RS H M, PR AR AR 2 AR #(2.12) (5 7T A
13BN AELME SN H(L.1) T 8 1 SRS Aff e
B R BB, BME TR QRN AL XA R 7 B i

w(xt)=X(X)T(t), (3.1)
Forh X (X),T(8) A i e i 5
FEOHRANEIFFER2.11), 715
T'(t) X (%) =AT (t) X"(x), (3.2)
5 (3.2)73:
T'(t) _X"(x)
AT(t)  X(x)' (33)

XEFAR(3.9), S AL T A A X B, S AR €T, PR LA 25 P A
—ANER, TRREI) AL, AWWIXANEECN 4, 15
T'(t)=A4T (1), (3.4)
X"(X) = X (x). (3.5)

DOI: 10.12677/aam.2020.91012 102 IR Esid


https://doi.org/10.12677/aam.2020.91012

BRI

W g = OWF, ESRARITFE(3.4). (3.5)15:

T(t)=h, (36)
X (x)=cx+d, (3.7)
Hehb,c,d &®H, £:4@.10)M(2.12) AN 5 ARL i I N BUT 2 (L.1) 10— i i RS B i«
kt
b (x0) = ae" (C,x+C,) 38)

e*(Cx+C,)-1’
Hec,c, MERHEH.
M4, <O, SKAFF T ITFE(3.4). (3.5) T F5H -
T(t)=ae™, (3.9)
X (x)= blsin(\/ix)w1 cos(ﬁx), (3.10)
Hodva, by, o HCRAEREHEL A3 L)MI(2.12) P4 A LR VL S S I F2(1.1) 7% — R R i
ael ) (C1 sin (Hx)JrCZ cos(ﬁx))

v, (X,1)= , (3.11)
(%) e(k*“l)‘(clsin(\/ix)+c2 cos(ﬁx))—l
Hrc,c, MEREH.
44, >0, ZHE _EEARR R ERAT ORAG anR 2 2R
a(Cle(k+/ul)l+ X +C2e(k+/ul)l— llx)
vy (x,t) = , (3.12)
(Cle(k+/1/11)t+ i +Cze(k+ll1)t— ,le)_l
MRAESTHR[L3180 77 1%, FRATTAT AR B A% 7 AR (3.1) i~ S ARG A e -
w(x,t)=Celrite L c, (3.13)
w(x,t) = et (C,cos(kx+&y)+iC,sin(kx+¢, ))+Cs, (3.14)
W(xt)=Cx* +C,x+2AC;t +C;, (3.15)

Hrpc,C,,Co k& THUER WL | AEHUAAL. MRS AR H(2.12) R R B 6 T 7 (LK — L 8

A
a(clek1x+(lk12+k)t+§0 i Czekl j
o (et ’ 3.16
4( ) Clek1x+(lk12+k)t+§g +Czekt 1 ( )
ael “T) (C, cos (kyx + ¢, ) +iC, sin (kyx+ &, ) + 2Ce
Vs (x,1) = K2 k)t | o
e(_ £4) (C1COS(k1X+§o)+iC2 S‘m(lejLé‘O))4_03.‘3}(t -1
kt 2
ae” (Cx* +C,x+2ACt+C
( ] , 1 3) (3.18)

Ve (X,t) = e'“(

CX* +Cpx+24Ct+Cy ) -1

DOI: 10.12677/aam.2020.91012 103 IR Esid


https://doi.org/10.12677/aam.2020.91012

4. R 5T

3o M) FH A 2 PR AR HORE A 2 S S BOS R (L) e Ao — e 0k S U5 RS, AR IZFHACE ) 8

AT B LRI SNy BT R (L) 38 RS RAAR . X 45 JnT DU ARZ M S REAT HIOT F2 (1. 1) A SR U )
PERAR AT FE PR AL — L8R M By, DR S U B T SR TR B IR BRI E . HfEiA% 5K
KA RS

&5k

(1]

[]

(3]
(4]
[5]
(6]
[7]
(8]

[°]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

Jimbo, M. and Miwa, T. (1983) Solitons and Infinite Dimensional Lie Algebras. Publications of the Research Institute
for Mathematical Sciences, 19, 943-1001. https://doi.org/10.2977/prims/1195182017

Beal, R., Rabelo, M. and Tenenblat, K. (1988) Backlund Transformations and Inverse Scattering and for Some Pseu-
do-Spherical Surface Equations. Studies in Applied Mathematics, 81, 125-151.
https://doi.org/10.1002/sapm1989812125

Wazwaz, A.M. (2013) On the noulocal Boussinesq Equation: Multiple-Soliton Solutions. Applied Mathematics Letters,
26, 1094-1098. https://doi.org/10.1016/j.aml.2013.06.008

Senthilvelan, M. (2001) On the Extended Applications of Homogeneous Balance Method. Applied Mathematics and
Computation, 123, 381-388. https://doi.org/10.1016/S0096-3003(00)00076-X

Fan, E. and Zhang, H. (1998) A Note on the Homogeneous Balance Method. Physics Letters A, 246, 403-406.
https://doi.org/10.1016/S0375-9601(98)00547-7

Kong, L.Q. and Dai, C.Q. (2015) Some Discussions about Variable Separations of Nonlinear Models Using Riccati
Equation Expansion Method. Nonlinear Dynamics, 81, 1553-1561. https://doi.org/10.1007/s11071-015-2089-y

Zhang, S., Lou, S. and Qu, C. (2002) Variable Separation and Exact Solutions to Generalized Nonlinear Diffusion Eq-
uations. Chinese Physics Letters, 19, 1741-1744. https://doi.org/10.1088/0256-307X/19/12/301

Wazwaz, A.M. (2005) Exact Solutions to the Double Sinh-Gordon Equation by the Tanh Method and a Variable Sepa-
rated ODE Method. Computers & Mathematics with Applications, 50, 499-508.
https://doi.org/10.1016/j.camwa.2005.05.010

Wazwaz, A.M. (2004) A Sine-Cosine Method for Handling Nonlinear Wave Equation. Mathematical and Computer
Modelling, 40, 499-508. https://doi.org/10.1016/j.mcm.2003.12.010

YL, KPR, Whitham-Broer-Kaup %7K 7 F2 1) Backlund ZE B S HAME[I]. NS 5 S5, 1998, 19(8):
667-670.

Shang, Y.D., Huang, Y. and Yuan, W.J. (2011) Backlund Transformations and Abundant Exact Explicit Solutions of
the Sharma-Tasso-Olver Equation. Applied Mathematics and Computation, 217, 7172-7183.
https://doi.org/10.1016/j.amc.2011.01.115

Grimson, M.J. and Barker, G.C. (1994) Continuum Model for the Spatiotemporal Growth of Bacterial Colonies. Phys-
ical Review E, 49, 1680-1684. https://doi.org/10.1103/PhysRevE.49.1680

Wang, D.S. and Zhang, Z.F. (2009) On the Integrability of the Generalized Fisher-Type Nonlinear Diffusion Equation.
Journal of Physics A: Mathematical and Theoretical, 42, Article ID: 035209.
https://doi.org/10.1088/1751-8113/42/3/035209

Wang, X.Y., Fan, S. and Kyu, T. (1997) Complete and Exact Solutions of a Class of Nonlinear Diffusion Equations
and Problem of Velocity Selection. Physical Review E, 56, 4931-4934.
https://doi.org/10.1103/PhysRevE.56.R4931

Bindu, P.S., Senthilvelan, M. and Lakshmanan, M. (2001) Singularity Structure, Symmetries and Integrability of Ge-
neralized Fisher Type Nonlinear Diffusion Equation. Journal of Physics A: Mathematical and General, 34, 689-696.
https://doi.org/10.1088/0305-4470/34/49/101

Feng, Z.S. (2008) Traveling Wave Behavior for a Generalized Fisher Equation. Chaos, Solitons and Fractals, 38,
481-488. https://doi.org/10.1016/j.chaos.2006.11.031

DOI: 10.12677/aam.2020.91012 104 IR ES

2
b


https://doi.org/10.12677/aam.2020.91012
https://doi.org/10.2977/prims/1195182017
https://doi.org/10.1002/sapm1989812125
https://doi.org/10.1016/j.aml.2013.06.008
https://doi.org/10.1016/S0096-3003(00)00076-X
https://doi.org/10.1016/S0375-9601(98)00547-7
https://doi.org/10.1007/s11071-015-2089-y
https://doi.org/10.1088/0256-307X/19/12/301
https://doi.org/10.1016/j.camwa.2005.05.010
https://doi.org/10.1016/j.mcm.2003.12.010
https://doi.org/10.1016/j.amc.2011.01.115
https://doi.org/10.1103/PhysRevE.49.1680
https://doi.org/10.1088/1751-8113/42/3/035209
https://doi.org/10.1103/PhysRevE.56.R4931
https://doi.org/10.1088/0305-4470/34/49/101
https://doi.org/10.1016/j.chaos.2006.11.031

	Explicit Exact Solutions for a Nonlinear Reaction-Diffusion Equation
	Abstract
	Keywords
	一个非线性反应扩散方程的显式精确解
	摘  要
	关键词
	1. 引言
	2. 相应的非线性变换
	3. 显式精确解
	4. 结论与讨论
	参考文献

