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In this paper, we aim to find a set of analytical soliton wave solutions for the time
fractional generalized Fitzhugh - Nagumo Equation with constant coefficients, in the sense
of modified Riemann - Liouville fractional derivative, by using the exp- function method.
Comparing the results with these of classical form of the time fractional Fitzhugh -
Nagumo equation. We found that this method is effective and easy to apply for this type of
partial fractional nonlinear differential equations.

Keywords: Fitzhug - Nagumo equation — Modified Riemann - Liouville derivative — The
Exp- function Method — Fractional order derivatives differential equations.

"Associate Professor , Department of Mathematics , Faculty of Sciences , Tishreen University |

Lattakia , Syria.
** Associate Professor , Department of Mathematics , Faculty of Sciences , Tishreen University ,

Lattakia , Syria.
***postgraduate  Student, Department of Mathematics, Faculty of Sciences, Tishreen

University, Lattakia, Syria.

158




Tishreen University Journal. Bas. Sciences Series 2019 (2) sl (41) alaal) ] ashell @ (3080 dnala dae

- -~

14adla
Jualil) e by (53 Agykatl) ilaalyyl) <NV e aal (o (pmesl Jilatl) (el Jalally Jualiil) lisa 2ey
Ay 1695 sle 588l cupels . gatiill JalSilly Jualiil) aseial Laant 2ay sgd clapmia e iy JalSills
Nl e Gl Gleay Gloidl 2iay Lald bk e bl Leibniz J) L'Hopital cald) o
Jualaily Cipey Lo lgd oy Al ddaall) ol el " o =% ol 13 Cuany 13k % &l OIS
assals <Abel «Fourier <Laplace <Euler :agie Alusa) oda clualyll slle (o aaal) Guya [1] S
Liouville «Riemann «Caputo «Cauchy Ji (e dpuSll clindall dalide cliyms JWAy) &5 25 (2]
Ergadlly Lpanadill Chaisal) o all T 5,aY) ZDEN a5iall 8 Slaalpll e gl 13 sl 54T
@Sl Jalgilly Jualall Glus e paise Jsf 1974 ale & Haven New dasla caakis 3 cdaslall
s ) Al bl eV alaall e Capeil) W5 s Tl gyusl) JalSilly Jualitll Qe Jl L aslipla,
$aall L[7] Laslgouells [6] (Rag sl Aigpa) oLl [3e4e5] sball ale 8 Agndall Jiludll (e daall 3l
VoAt Al G ey 13 digdase e ol ikl oda b 4y sl Alialil) e aleal) alasiny dual <Y
Aagaia Ay Laldll daladl (s L COAY) g5 ALl e la mea o o Al Lalla e adied
A5V AL ety ¥ aleal) 038 (saa) (il Apilly (g yuS (Bidial) 13 saseliE o8 8 Alalea a3
u— Uy —u(l—wu—w=0;t>0,0<a<1,xeR (1)
(the fractional variational iteration method) aslas el 4 Jola 2012 ole & M. Merdan
iassall Ayl R, Rajaraman 5 G. Hariharan ;e JS Jé e Lo lda & 2013 sl i [8]
Jola aily cass ol & Y.ATandogan 5 Y.Pandir g« JS 26 & ([9] (the wavelet methods)
A. A8 & ([10] (The modified trial equation method) daeall 4 jadll Aalaall Adypla (praddiivee A8
The (G/G) -expansion ) (G /G)—_siie diphy Lllas sy [11] 2016 2o & (55a0 5 Bekir
L) A diphy oasds Jsa [12] osals A Bekir a8 2017 ale 85 «(method
Aleal 2pY) A Aigyla aladinly dads Jola olag) Jesd) 138 8 Jslain .( The Exp- function method )
t ) JSal) aal Al QG @lds el Aailly sl Faiall 3 daanall a2l § 58 Fid
Diu+ Bu, —yuy —du(l—w(u—w=0;t>0,0<a<1l,xeR (2)
Py byl ae agara e dida CulF G5y 5 B Caa

u(x,0) = 1_x (3)

1+eV2

:adlaafy uaal) 4paal

Sl Gl ) daanall 905l ¢ 98 38 Alalaal Ajaie Aage 1D Ad Jola anam ) Sl 13a Cang
ok 4y (Ol il BpaaY) e 8 ay sed A AN Ak dlasialy A5G JBY) 3y Gaill dually
S Lalig Alaaslly ALl Al (e dsal) iy agd 8 DS Dss Jlall o3 Gl Y dagpa Ygla
Aghd e dal) ge Las )

159



a3 s S ¢ pal Alal) JE 15 ol Al (el Faal) 3 Aaanall 458 ¢ 58 i Alalaal st Jsla sla

10dlgag ) ik

Al e abeally sl Jilaill Jlae 8 (ald IS5y digylaill cilualll (alaial cud a1 2
o) Ja @il o ool 0S5 adie (L daaiiuall Lpualyll coliil) Gls Gl (gl SlIY1 il
lbaall malyy Aiadll pe Lpall cVabead) Jan Jag sl Gl @l ladll e dgkll Ll
...Mathematica s Maple Jis 4zl

F RN gl

gl b sy lgertinin ) dalid Gmeys Janall (Sl Jiod — layy Fidie Cappat Ladl 3 (e,
1(2) Aalaad) Jsla alay

(Modified Riemann - Liouville fractional derivative)

GBS O sl oo ol oS copaine QLS Cumy (R e yee s il g5 f 0SS
) Db @ el e f bl Jamall (sl Jidpab-lay) Gadia (amy Bxie ¢ J5¥) Al (g 3L

DEF(®) = e e o C = O U@ ~ f(O]dE ;0< a <1,6>0  (4)
{14,131 Jnal oS Jiboal — Glayy i Galsd Qany

t ) dalal)

D&tP = %t”‘“ ip>0 (5)
i) aalal)

DE(cf(t)) = cDEf(t) ;¢ = constant (6)

2 I EN

DE(af(t) + bg(t)) = aDFf(t) + bDEg(t) ;a,b = constant (7)
i)l Aalal)

Dffc =0 ; ¢ = constant (8)

t0f o Al cliiall Al dise e (chain rule) Al sacld ) :dualal) Lalal
af
DEf # 2. DiE
:):\ﬁaj ‘éjt\n_}}
af
Dif =o' ZeDE¢ ©)

T15] astmart it L pao’y =1 Cam

160



Tishreen University Journal. Bas. Sciences Series 2019 (2) axall (41) alaall L)) aglall @ (55 dasla Alae

rdgud) Al ARy h

@S gaie Jysai L 3) (2012 sle 4 [16] & Hes Li blaay A0 30y Al dih oY) (et
slea ) (@Sl BEEY) @l)) Ayl Ll dslaadl Jysail (Fractional complex transform)
Ggale Alals

) cphall e Al Agiadl bl Aol Lyl oK

F(u, D#u, Dfu, DEDFu, DED, ... ) =0 ;0 <@, f <1 (10)
gl Agiial) \liidas u(r, t) Al agan 3)ESF 5 clgeaall Al u(x, £) of Cua
() Clghaally diyll) o3 (adlis
f ) 3dadl)
:[16] ¥ (The traveling wave variable) alsall dxgall Jsatia (S

TxP At®

u(xt) =UE) 5 § = roim+ i (1)
JEY Leghned o Gasine e olitis gl 7,2 of Cua
e Juani ¢(9) ADa)) Hladinly

, af

Dif =0 xd_EDJ(CXE

, df
Df‘f=0td—€Df‘f (12)
7] pldds ol o'y 5 0"y of das
Apsle Aloalis Aolee I (10) Gpesl Ajal) dboaliil) Alsbaall Joai o(10) b (12) 5 (5)5 (11) Gmesei
U(8) il ddad e

QU, U, U",...)=0 (13)
Adliites U(E) Janlasm 58 Q S
3l 5 ghadl)
(18] N JSall U (&) pasall dall o (i
U(E) = T _caiexp(if) (14)

q , i
Yi-_pbjexp(s)
G Aggae il bjsa 5 Jal) dee Bl & BaY G Lase dama dlael Py g5 € 5d o s
; :
p V) Il (14) A LS (V) s j=p,g s 1=, . d

_ a_ce S +-+ageds

(15)

s 2 30aal)
e aall ae (13) Alslaadl 3 (28aY) A5yl 53 adl) aall Ljlsar € 5 P Linsall danpmiall slaeY) saas
55 hall all Bjlsa d 5 0 L) dapmaall o) paad) e Qs L oRiaY) dapall b adll
(15) dadl Gasniy -(13) Aaleall & oY) dapal) 53 ladll e sl e (13) Aobed) 3 oY) 4554l

161



a3 s S ¢ pal Alal) JE 15 ol Al (el Faal) 3 Aaanall 458 ¢ 58 i Alalaal st Jsla sla

oo dlaa e deans iuall gl @8558 Jhal Jrny &8sl A Al e Juan ¢(13) dalaall b
Mathematica s Maple (i dspa dualy) Gllia mely aladinly lelayy diladll je Al c¥oled)
(15) J=ll 8 Wind agmi i (j=-p,....g 5 1=-c, ...,d &= bj a culgll Je Jant i
[22-19] .(13) dsleddl da e Juand

Ladlly pusl) Fidall ) dasrall gagel foazisd Aslaal Aljaie dpge cld Lbilad Jola
:ALUN JESg ot

t oY) o) dopail 23l

ulx,t)=U(); é¢=cx— e (16)

Ol Adly gyl Gilall e dians ¢(9) 5 (8) 5 (7)5 (5) walsdd) alatinly .ol ¢, 4 # 0 &
t ol LS u(l, t) sl

Dfu = a’tZ—?Df‘f =1’ (o - F(ia) DEte) = —IAU’ (17)
isde Jiant (dlulul) sac B alassiuly
2
Uyy =ZTZ=;7(Z_?%) = c2U" (18)
e nlall Abalil) Aol ) (2) el Al Al Alladll Jsasi (2) 3 (18) 5 (17) pmusets
A0y Adasl)
(IA=cPU" +yC?U"+6UQ-U)(U —p) =0 (19)

tode demnt (U3 oY1 dapall (53 Jadl) s sl aa U o) dipall 63 sl aal) e il 531 pe
c3 e(3p+C)f+...

" _
ur) = Ca D). (20)
Boé4... (Be+p)é 4.
3 _ ¢ e€ + _Cr e +
U=(§) = cy eGP+ ¢, e(dP)E... (21)

) Al s el Ajlgars o(15) AR dapesdt Coagy Camaag chaglee A3 Jll €0=1,2,3,4 o ¢; Can

3p+c =3c+p (22)
:4_.\.A‘9
p=c (23)
Py el 8 A Al da s il )l aglie ISy
U() = o +dy e (24)
3rey e +dz e GDE 4 dg e~ BdHDE
U8 = g, oG = v a, oG (25)
tle Joans L ALY Japsi Ciagy Caning cdagles 246 Jalse (0=1,2,3,4 po d; S
—(Bgq+d) = —-(3d+q) (26)

162



Tishreen University Journal. Bas. Sciences Series 2019 (2) axall (41) alaall L)) aglall @ (55 dasla Alae

:A\.:\A}
q=d (27)
eV sl Al bl asl ey 138 o 5 P el LS oo Alie Jelall dapds o ([18,23] e oy
S Ja (15) dél‘ﬁ';bsﬂﬁhj‘q_d=1;p=c:1¢.amém‘q}prg.;ﬂ\w\
+ag+ -

U(f) ale ap a_qe

bes‘+bo+b et (28)
1
E[C3e3§ + Czezf +Cef +Co + C_le_f + C_ze‘zf + C_3e_35] =0

C = (b_1e~% + by + bye)?
C3 = atb, — 6a3 — Sa by + 6a2uby
C, = 8a2by — 38a2ay + yctaght + 28a1byay — [Aaghs + cBagh? + Suatb,
—8agh?u + 28a,aoub, — 28a;byuby — yc?a biby + lAa;b1by — cfa b, b,
Cy = 6a3b_; — 38a%a_, — 38a,a% + 8a2by + ycta bg — 21Aa_1bT + 2cfa_, b
—6a1b0u + 4yc?a_,b? + 26a,bya_; — Sa_1b?u + lla, b3 — cfa,b?
+8a?b_,u + Sadub, + 28a,byay, — yc?agh by + 28a,byayp
—4yc?a,bib_y — 28a,b;b_1p — lAagh, by + cBagbiby — 28a4b by
+2lla;b1b_1 — 2cfa,b1b_1 + 26a,b1a_1u
Co = —8a3 — Saghiu + Saduby — 28a1boub_1 + 28ajagub_q — 28a_1by by
+28a,bya_qy + 28a,b_qay + Sadby + 3lAa;bgb_ — 3cfabob_q
—3lAa_,1b by + 3cfa_1b by + 3yc?a,bgb_; + 3yc?a_,byb,
—6yc?agb;b_; — 68ajapa_, + 28aghia_; + 26a,a_,ub,
—26agbiub_q + 26aga_uby
C_1= 6Cl(2)b_1 — 36(1_1(1% — 36a1a2_1 + 5b1a31 - 2l/1a_1b1b_1 + ZCﬁa_lblb_l
+26a,a_1ub_q + lAagb_1by — cBagb_1by + 26aga_,uby
—yc?agbob_y — 28a_1byub_; — 28ayboub_, — 4yc?a_,b,b_4
+2lAa,b?, — 2cfa,b?, — lda_,bE + cBa_,b3 + Sa?,ub,
+28a;b_ja_y — ab?,u + 4yc?ab?, + Saiub_; + 28aybya_,
+yc?a_1b3 — Sa_,biu
C_z = —35a0a2_1 + 6b0a31 - 26a_1b0ub_1 + 26a0a_1/1b_1 - ’}/Cza_lbob_l
—1Aa_ybob_y + cBa_1bob_y + 28agh_ya_; — Bagh?,u + Aagh?,
—cfagh?; + §a?,uby + yctayb?,
C_3=6a2,b_; + 8a2,b_ju— 8b*ja_u—6a3,
e
C3=0,C,=0,C,=0,Co=0,C_1=0,C_,=0,C_3=0 (29)
sU 5C sb_g sby sby sa_; 5ap 5a;dwlaall dualh ba ye s EValae Aea o Juans
t el 34h Ll Cargy dMaple gabiy plasinly (29) Alead) dayy <A

171 = \/E\/ ]/5 ¢ 172 = _b—l + a_1

U3 = bzl - b_la,_]_‘ U4_ = azl - bzl

163



a3 s S ¢ pal Alal) JE 15 ol Al (el Faal) 3 Aaanall 458 ¢ 58 i Alalaal st Jsla sla

vs = —b; +a, « vg=Db?—ba,

177 - b]z_ - a% 3 178 = 1[_a1a_1

1\/—,/ —b_q+a_ a_
s 1),/,¢— L oS 13 1] Ala
Yb—q —

b_1
‘/_‘/_bzlﬁ ‘/_‘/—b P01 sp2 4 sa2,

1
AZZ lbzl ,a0=0,a1=b1,b0=0.

< da o dians (28) (A& Gty LDy #F0 5¥6 >0 5 sl cildags aqsb g &
1(2) Uolaall Ajaie dnse

Ay eV e Joass

a,eS+a_je”s

u(lx, t) = m , (30)
f V1V, V1 BV3—6YV, t*
- 4yb_ alyb?, T(1+a) -
1 b
\/_‘/_]Eb 1+a1) = %, oS 13) 12 Al
1 1
w/ 6b 2.y b
= V2Jyobip | ¥2yyobipay — 8a? + 6b?
A=Z lbz ,a0=0,a_1=b_1,b0=0.
dage @ da e M(ZS) @umyulh_,clb #0 596 >0 5 4laal g a_ 1)61 shicua
.(2) ‘dd\:.aﬂ dﬂ
§ =3
__ ae +a_qe
u(x, t) = brofra o’ (31)
f 771775 V1 BVe—6YVy t*
- 4yb1 4lyb? r(i+a) =
1\/_\/_(bb 1+a-1) #_2-1 61 13 e
Vb ~ DAl
\/_\/ b213 \/_\/ b 1Ba_q 1852 — Sh2
1~ aq -1
=3 lbz 80 =0,
b \/—ala 1(=b_ 1+a_1)
0= = daj.

a1
da e dani (28) A sl b_j,a_; # 05 y6 > 0 5 dplaal <l a13a_1Jb—1 RETEN
3(2) Aaleall Ajaia dage i3

alef+a_1e_f

ulx, t) = — , 32
(x,t) alef+—1;8v2+b_1e—f (32)
V1V; V1 Bv3+6Yv, t*
E = Cua
2yb_ 2lyb2;, r(1+a)

164



Tishreen University Journal. Bas. Sciences Series 2019 (2) axall (41) alaall L)) aglall @ (55 dasla Alae

1\/—\/_
2*/_\/_[?

A= g l y Ao = O; b—1 =da_q, bo = i —aqa_q, b1 = Zal.

da e deani (28) (B il caja_1 <0 51 #0 5 6 >0 5 olidl ol ag5a-1 &s
1(2) Aaleall Ajria dage 3

o3 4 Al

a1e5+a_1e_f

ulx,t) = 2a,e$Fvg+a_e¢’ (33)
f _ v 201 8+38y t*
Ty 8ly r(l+a) -
1x/’J_(bb1+a1) _ ﬂ O 13 15 s
YD1
- \/_\/ blﬁ \/_\/ blﬁal _ 6b2
1
A=3 be y@g =0,b_y =a_y,
b = —v—aia_1(=b1 + ay)
o=+ a .

Jeani (28) & pmsnilhycaja_g <0 5 Lby,a; #0 5 6 >0 5l cld by yay a3
1(2) Aabaall Uyrie dage ld da e

alef+a_1e_‘f

u(x' t) - bie$F8% g e~ (34)
1 a1 -1
E 171775 V1 BVve—8y vy t® .
- 2yb1 2lyb? r(i+a) =
1 1
\/_\/_ ‘UZE, o136 Al
2\/_ \/ 88 _ 4 5

1y
A g l Ob 1—2(1 1,b0—+ﬁ_a1a 1,b1—a1
da e deani (28) & pamilhy caqa1 <0 5 L#0 5 y6 > 05 oplid) ol agj5a1 &
3(2) Aaleall Ajaia dage i3

alef+a_1e_5

ulx,t) = ae$Fvg+2a_e¢’ (33)
_ v 2v1p-36y t*

5 - 4yx 8ly r(i+a) =

=1m, =4 oS 13 27 s

2 Ybl b1 e

V2,/y88b

1 al(T1 +28b; — 8a;) a2b_, + a2b,
AZE lbf ,aozao,a_lzo,bozTao.

165



a3 s S ¢ pal Alal) JE 15 ol Al (el Faal) 3 Aaanall 458 ¢ 58 i Alalaal st Jsla sla

Juani (28) (& il ol,by,aq,a0#0 5 ¥ >0 5 4yl cdag 5 by ag s bl (GITEN
1(2) Aabaall Uyrie dage 3 da e

3
. ajes+ag
blef+ S 0 +b_:|_€_E
aiaop
v1aq al(U1Bb1+26b1—6a1) ta .
€= X — > RREN
2y b, 2ylbs r(i+a)
1v2{yda_ _
c ::EYz_Z___l, U :;g_l’ oS 13) 18 Al
Yb_q1 b_,

a?,b, + adb_,

2./yé6Bb_
. a_l(% —26b_, + 8a_y)
== ,p = g, a1 = 0,by =
2 b2, 0T 0 a_,ag
deani (28) (& pausilles <Lb_g,a_g,a9 #0 5 ¥6 >0 5 kil b ag 5 by bogsa—g s
1(2) Usleall Wynie dage 3 Ja e

a0+a_1e_‘f

u(x, t) = > > : (37)
b b—
bies+ a—1a1'|1'28 1 b_je~$
via_4 a_,(v1Bb_1—-26b_1+Sa_;) t%*
E=lny ° i
2yb_q 2ylbz, r(i+a)

8asagall 3 Jelall e Jans [ = 1,8 =0,y = 1,8 = 1 pan (1,2,3,5,6)¥a (0 S 4
(1) el il (g pul) a0 I3 505l op 5 Alsladl [12] Wl
B=1Ly=1c§=1ca=05ca_; =-1wa,; =1 &= (35) Jalh J=a (1) JRa) s

gt Aad) Jolad) apeads cilinia dase oo 3o alSa o s =1

166



Tishreen University Journal. Bas. Sciences Series 2019 (2) sl (41) alaal) ] ashell @ (3080 dnala dae

t@luagilly claliiiuy)

JUYT ld saseli § 58 55 Alalaal Aljaie Aase <) Allat Jola e Jpmnll Alad) oda 3 Laliind 38l
Jslall lli (0 Gyases ST Jslal) o3a of Lo Lloas ) bl Cuing oasll Apnilly (gpusl) Futialls 230
Jie da o Al A Ak 5508 <pelal LS Badna o JleY! 220 Lavie L liag W 3 ([12] 4 danial)
gl Alatinl Cadi lgpen Jaadl 13 ddleiad) clluall G ) Al 8 puis cVabed) (e sl 12
O B ehals A Alas Leda i b o A8kl s38 gt S Aalgl) il e 2y .Maple 13
LJslal)

saalal)
[1] DAS, S. Functional fractional calculus, Second, Scientific Publishing Services Pvt.
Ltd. ,India, 2011, 612.
[2] NISHIMOTO, K. An essence of Nishimoto 5 Fractional Calculus. Descartes Press Co,
1991.
[3] AHMED, E; HASHISH, A.H; RIHAN, F.A. On fractional order cancer model. Journal
of Fractional Calculus and Applied Analysis, Vol. 3, No. 2, 2012, 1-6.
[4] ARAFA, A; RIDA, S; KHALIL, M. Fractional modeling dynamics of hiv and cd4+ t-
cells during primary infection. Nonlinear Biomedical Physics, Vol. 3, No. 2, 2012, 1-7.
[5] XU, H. Analytical approximations for a population growth model with fractional
order. Communications in Nonlinear Science and Numerical Simulation, VVol. 14, No. 5,
2009, 1978-1983.
[6] KOELLER, R.C. Application of fractional calculus to the theory of viscoelasticity.
Journal of Applied Mechanics, Vol. 51, 1984, 229-307.
[7] BENSON, D.A; WHEATCRAFT, S\W; MEERSCHAERT M.M. Application of a
fractional advection dispersion equation. Water Resources Research, Vol. 36, No. 6, 2000,
1403-1412.
[8] MERDAN, M. Solutions of time-fractional reaction-disusion equation with modified

Riemann-Liouville derivative, International Journal of Physical Sciences, Vol. 7, No. 15,
2012, 2317-2326.

[9] RAJARAMAN, R; HARIHARAN, G. Two reliable wavelet methods to Fitzhugh—
Nagumo (FN) and fractional FN equations. J Math Chem, Vol. 51, 2013, 2432-2454.

[10] PANDIR, Y; TANDOGAN, Y.A. Exact solutions of the time-fractional Fitzhugh
Nagumo equation, AIP Conference Proceedings, 2013, 1558-19109.

[11] BEKIR, A; GUNER, O; UNSAL, O; MIRZAZADEH, M. Applications of fractional
complex transform and (G ~ /G)-expansion method for time fractional differential
equations. Journal of Applied Analysis and Computation, Vol. 6, No.1, 2016, 131-144.
[12] BEKIR, A; GUNER, O; CEVIKEL, A. The Exp-function Method for some Time-
fractional Differential Equations.J.Autom. Journal of Automatica Sinica, Vol.4, No. 2,
2017, 315-321.

[13] JUMARIE, G. Modified Riemann-Liouville derivative and fractional Taylor series of
nondifferentiable functions further results. Computers and Mathematics with Applications,
Vol. 51, No. 9-10, 2006, 1367—1376.

167



a3 s S ¢ pal Alal) JE 15 ol Al (el Faal) 3 Aaanall 458 ¢ 58 i Alalaal st Jsla sla

[14] JUMARIE, G. Table of some basic fractional calculus formulae derived from a
modified Riemann-Liouville derivative for non-differentiable functions. Applied
Mathematics Letters, Vol. 22, No.3, 2009, 378—385.

[15] LIU, C. Counterexamples on Jumarir's two- basic fractional calculus formulae.
Commun Nonlinear Sci Numer Simulat, Vol. 22, 2015, 92-94.

[16] HE, J. H; ELEGAN, S. K; LI, Z. B. Geometrical explanation of the fractional
complex transform and derivative chain rule for fractional calculus, Physics Letters A,
Vol.376, No.4, 2012, 257-259.

[17] SAAD, M; ELAGAN, S. K; HAMED, Y. S; SAYED, M. Using a complex
transformation to get an exact solution for fractional generalized coupled MKDV and KDV
equations. International Journal of Basic & Applied Sciences, Vol. 13, No. 1, 2013, 23-25.
[18] HE, J. H; WU, X. H. Exp-function method for nonlinear wave equations. Chaos
Solitons and Fractals, VVol.30, No.3, 2006, 700—708.

[19] HE, J. H; ABDOU, M. A. New periodic solutions for nonlinear evolution equations
using Exp-function method, Chaos Solitons and Fractals, VVol. 34, No. 5, 2007, 1421-1429.
[20] EBAID, A. Exact solitary wave solutions for some nonlinear evolution equations via
Exp-function method. Physics Letters A, Vol.365, No.3, 2007, 213—-219.

[21] KUTLUAY, S; ESEN, A. Exp-function method for solving the general improved KdV
equation. International Journal of Nonlinear Sciences and Numerical Simulation, Vol. 10,
No. 6, 2009, 717-725.

[22] BEKIR, A. The Exp-function method for Ostrovsky equation. International Journal of
Nonlinear Sciences and Numerical Simulation, Vol. 10, No. 6, 2009, 735—739.

[23] AHMAD, H; MAHMOUDI, S. M. Application of Exp - function Method to Fitzhugh -
Nagumo Equation, World Applied Sciences Journal , Vol. 9, No. 1, 2010, 113-117.

168



