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Abstract A improvement of the expansion methods namely the improved tan(®(¢)/2)-
expansion method for solving the Tzitzéica type nonlinear evolution equations is proposed.
In this work, the dispersive optical solitons that are governed by the Tzitzéica type non-
linear evolution equations. As a result, many new and more general exact travelling wave
solutions are obtained including periodic function solutions, soliton-like solutions and
trigonometric function solutions. The exact particular solutions containing four types
hyperbolic function solution, trigonometric function solution, exponential solution and
rational solution. We obtained the further solutions comparing with other methods.
Recently this method is developed for searching exact travelling wave solutions of non-
linear partial differential equations. Abundant exact travelling wave solutions including
solitons, kink, periodic and rational solutions have been found. These solutions might play
important role in engineering fields. It is shown that this method, with the help of symbolic
computation, provides a straightforward and powerful mathematical tool for solving the
nonlinear problems.
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1 Introduction

Nonlinear evolution equations (NLEEs) are very important equations in mathematical
physics, engineering and applied mathematics for describing diverse types of physical
mechanisms of natural phenomena in the field of applied sciences, biochemical and
engineering. Nonlinear wave equations play a substantial role in various fields such as
plasma physics, fluid mechanics, optical fibers, solid state physics, chemical kinetics,
geochemistry, nonlinear optics and so on (Gray and Scott 1990; Kabir and Khajeh 2009).
Much work has been down over the years on the subject of obtaining the analytical
solutions to the nonlinear partial differential equations (NPDEs). One of the most exciting
advances of nonlinear science and theoretical physics has been a development of methods
to look for exact solutions for NPDEs. With the rapid development of nonlinear sciences
based on computer algebraic system, many effective methods have been presented, such as,
the homotopy analysis method (Dehghan et al. 2010), the variational iteration method (He
1999; Mohyud-Din et al. 2009; Dehghan et al. 2010; Jafari et al. 2014), the homotopy
perturbation method (Dehghan and Manafian 2009; Mohyud-Din et al. 2011; Zhang et al.
2014), the sine-cosine method (Wazwaz 2006), the tanh-coth method (Manafian Heris and
Lakestani 2013), the modified extended tanh-function method (Abdou and Soliman 2006;
El-Wakil and Abdou 2007), the Exp-function method (Dehghan et al. 2011; Ebrahimi
Ghogdia et al. 2015; Yildirim and Pinar 2010; Abdou et al. 2007; Noor et al. 2008, 2010;
Mohyud-Din et al. 2010, 2012; Manafian and Lakestani 2015b), Taylor expansion method
(Ma and You 2004), the exp(-®(¢))-expansion method (Roshid and Rahman 2014; Hafez
et al. 2015), the (%)—expansion method (Naher et al. 2013; Saba et al. 2015; Manafian and
Lakestani 2015a), the modified simple equation method (Jawad et al. 2010), the novel (%)—

expansion method (Alam et al. 2014), the new approach of the generalized (%)-expansion
method (Naher and Abdullah 2013), the Jacobi elliptic function method (Chen and Wang
2005), the homogeneous balance method (Zhao et al. 2006) and so on. Here, we use of an
effective method namely the improved tan(®(&)/2)-expansion method (Manafian et al.
2015; Manafian and Lakestani 2016) for constructing a range of exact solutions for the
following ordinary partial differential equations that in this paper we developed solutions
as well. In this paper, we put forth the new approach of improved tan(®(&)/2)-expansion
method to construct exact travelling wave solutions including solitons, kink, periodic and
rational solutions to the Tzitzéica type nonlinear evolution equations. Wazwaz (Wazwaz
2005) applied the tanh method to the Dodd-Bullough—-Mikhailov and the Tzitzéica—Dodd—
Bullough equations. Huber (2008) applied a class of solitary-like solutions of the Tzitzéica
equation where generated by a similarity reduction. Borhanifar and Moghanlu (2011)
obtained the exact traveling wave solutions of the DBM equation and TDB equation are
using the (G’/G)-expansion method. The Tzitzéica equation (Tzitzéica 1910)

Uy — Uy — €' + e =0, (1)

has been investigated by Tzitzéica in the study of integrable surfaces. The Dodd-Bul-
lough—-Mikhailov (DBM) equation is given as

Uy + e e =0, (2)
and consider the Tzitzéica—Dodd-Bullough (TDB) equation as follows

Uy — et — e—Zu — 07 (3)
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where these equations play a significant role in many scientific applications such as solid
state physics, nonlinear optics and the quantum field theory (Abazari 2010). Also,
Mikhailov (1910) deducted the N-soliton solutions for Tzitzéica equation by the inverse
scattering method. The purpose of this paper is to obtain exact solutions of the Tzitzéica
type nonlinear evolution equations and to determine the accuracy of the improved
tan(®(£)/2)-expansion method in solving these kind of problems. The paper is organized
as follows: In Sect. 2, we describe the improved tan(®(&)/2)-expansion method. In
Sect. 3, we examine the Tzitzéica equation, DBM equation and TDB equation respectively
with method introduced in Sect. 2. In Sect. 4, we examine the physical interpretations of
the solutions of the Tzitzéica type nonlinear evolution equations. Also conclusion is given
in Sect. 5. Finally some references are given at the end of this paper.

2 Description of improved tan(®(¢)/2)-expansion technique

The tan(®(£)/2)-expansion method is well-known analytical method which first presented
and developed in Manafian et al. (2015). Also Manafian and Lakestani (2015c) applied the
stated method to solving the generalized Fitzhugh—Nagumo equation with time-dependent
coefficients.

Step 1. We suppose that the given nonlinear partial differential equation for u(x, f) to be
in the form

N(uvuxautyuxxvuth"') :07 (4)
which can be converted to an ODE
Qu, i, —pud " 1P, .. ) =0, (5)

by the transformation ¢ = x — uz, is wave variable. Also, u is constant to be determined
later.
Step 2. Suppose the traveling wave solution of Eq. (5) can be expressed as follows

‘15(25)>T+k2m;3k[p+tan(¢f))}_k7 (6)

where A;(0 <k <m) and Bi(1 <k <m) are constants to be determined, such that A,, #
0,B,, # 0 and ® = ¢(&) satisfies the following ordinary differential equation:

@' (&) = asin(®D(&)) + beos(P(E)) + c. (7)

(&) = S(@) = kﬁ;Ak {p + tan(

We will consider the following special solutions of equation (7):
Family 1: When a*>+0b>—-c?><0 and b—c#0, then &(¢)=2arctan
{ﬁ - \/”ngi"’z tan(‘/cz’é’z’“2 &+ C))}

Family 2: When &®+b*—c>>0 and b—c#0, then (&)= 2arctan
[b%( + @a_j—?tanh(ﬁﬁg—@(z + C))] .

Family 3: When > +b*—~c*>>0, b#0 and c=0, then &(¢)=2arctan
[Z—‘ + —\/}’Zb*—“ztanh (—‘/”22*—”2 (&+ C))} .
Family 4: When o> +b>—c?<0, c#0 and b=0, then ®(¢)=2arctan
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[ a4 Ye—a tan( Yoo (¢4 C))]
Family 5: When > +b> —¢>>0, b—c#0 and a=0, then &(¢)=2arctan

[\/”—“tanh( b2 (¢ 4 C))}

Family 6: When a = 0 and ¢ = 0, then ®(&) = arctan [& u}

ezl:(\,+c)+1 ) @2b(¢HC +1

Family 7: When b = 0 and ¢ = 0, then &(¢) = arctan [ﬁ et >+ﬂ

Family 8: When a? + b* = ¢?, then ®(¢) = —2arctan {%}

Family 9: When a = b = ¢ = ka, then &(&) = 2arctan[ ka(e+0) —1].

ku

Family 10: When a = ¢ = ka and b = —ka, then @(¢) = 2 arctan T M]

Family 11: When c = g, then @(£) = —2arctan {%}

(b+c)e"(5+c)+l:|

Family 12: When a = ¢, then ®(& )T

2 arctan [

b(EH+C) _p—q

) =
) =

Family 13: When ¢ = —a, then @(¢) = 2arctan {M}
®(¢

Family 14: When b = —c, then

ced(E+C) 1

) = —2arctan [M}

Family 15: When b = 0 and a = ¢, then ®(¢) = —2arctan [‘%&fgz}
Family 16: When ¢ = 0 and b = ¢, then @(&) = 2arctan[c(& + C)].
Family 17: When a = 0 and b = —c, then (&) = —2 arctan[
Family 18: When a = b = 0 then ®(¢) =&+ C.

Family 19: When b = ¢ then (&) = 2arctan [&]

1
c(E+C) |

where Ay, By(k=1,2,...,m),a,b and c are constants to be determined later. But, the
positive integer m can be determined by considering the homogeneous balance between the
highest order derivatives and nonlinear terms appearing in Eq. (7). If m is not an integer,
then a transformation formula should be used to overcome this difficulty.

Step 3. Substituting (6) into Eq. (5) with the value of m obtained in Step 2. Collecting

the coefficients of tan (qs; )) cot"( ;5)) (k=0,1,2,...), then setting each coefficient to

zero, we can get a set of over-determined equations for Ay, Ay, By(k =1,2,...,m) a, b,
¢ and p with the aid of symbolic computation Maple.

Step 4. Solving the algebraic equations in Step 3, then substituting
A(),A],Bl, .. .,Am,Bm,,u,p in (6)

3 The Tzitzéica type nonlinear evolution equations

In this section, we will exert the improved tan(®(¢)/2)-expansion technique to obtain new
and more general exact solutions of the Tzitzéica type nonlinear evolution equations.

3.1 The Tzitzéica equation

We consider the Tzitzéica equation as follows

Uy — Uy — €+ e =0, (8)
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by using the transformation v(x,t) = e~1) Eq. (8) transforms into the following partial
differential equation,

vv,,—vtz—vvxx—t—vi—v‘%—kl:o. 9)
The travelling wave transformation & = kx + wr reduces Eq. (9) to the following ODE
W =)W — (vV)*) = +1=0, (10)
where Vv = Z—g and V' = M Balancing the terms vv" and v* by using homogenous principle
the following result could be obtained
IM+2=3M, M=2. (11)

Here, for simplicity, we set p = 0. Then (6) reduces to

= arin("2) s (%) (%) s o (%), (12

Substituting (12) and (7) into Eq. (9) and by using the well-known Maple software, we
obtain the following sets of non-trivial solutions
Set I: We have the following:

3 1
a = C2_b2_Z7 A:kZ_wz, b:b, c=c, AO:EA(bz_C2)+17 (13)
Al:o’ A2:07 k:k, w=w,
1
b+c)\/ —?) - 34, Bzz_EA(bJFC)z’
¢ E @ }4 (14)
v(&) = Ao + By cot<%> +Bzcot2( ;C))7

where a, b and c are arbitrary constants. Using the transformations # = Inv and according
to (12), we obtain several types of travelling wave solutions of Eq. (9) as follows:
By using of the Families 1, 2, 3, 4, 11 and 19 can be written, respectively, as

ul(é):ln{1+ A(B* = c*) + (b? 2)4{1 @tan(i\/j(ﬂc))

-1

%Az(bz —c?) {\/ —A(B?* =) =3 —V3tan (— \/%(5 + C)>

(15)
—1
Mz(é)=1n{1+;ﬁ(b2cz)+(b262)4‘ 1+ HA(ZZ_CZ)tanh<; j(é+c>>
)
%AZ(bz - {\/WJr V=3 tanh (é \/:—%(cf + C)) }
(16)
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uz (¢ ):ln{1+2Ab2+b2A

b [m+ V=3 tanh (% \/jg(C + C))
1 3 1 /3
u4(6) _ln{l _54‘62_024‘ |:1 - Mtan<2\/;(§+C))
2
}7 (18)

204 [\/Acz —3—+/3tan <% \/%(5 + C))

p 3)eV3EHO) _
us(&) =1In 1+2(3—aA) <a+\/§)\/m Eafé;e\/%(ﬁc)_

_1A<a+ 3)2 (a+ Y30 1| ,

A
ug (&) = {1+6b[ Vo) } —6b2[ VEEO _p } 2}, (20)

where & = kx + wrt.
Set II: We have the following:

3 1
a=\[c—b -2, A=k —w* b=b, c=c, Ao:l+§A(b2—c2)7 1)

Bi=0, B,=0, k=k, w=w,

A= (b=~ )34, Ay =4,
E 22
V<¢>:A0+Altan(@)+A2tanz<@)_ (22)

By using of the Families 1, 2, 3, 4, 11 and 14 can be written, respectively, as

1 1 /3
ln{—2 - EA(bz — ) = \/=34(h? — ¢2) — 9tan (5 \/%(f + C))

2
-3 [m ~V3tan (% \g(g " c>> } (23)

M7(5)
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us (&) _ln{—2 B %A(bz — )+ /34(p2 — ) + 9tanh(% —%(5 + C)>
2
_%[\/W—\/jgtanh<%\/—%(5+c)> } (24)
uo (&) :ln{—Z —%Abz —V=34b% — 9tan<%\/§(é - C)>
}, (25)

R e T L)

3
A
2

_%{m_\/:tanh<%\/—g(é+c)> }7 (26)
a 3 e\/§(£+C)_1
() =In 1*;(3a24)<\/ja> —A(6 — a2A) ( +\/;)

=)oV

1
2

[\/—Abz —3—+V3tan G \/g(é + C))

(a_ \/g)e\/%mc) 1

(27)

3V L [=3ev 0 ’
=In{ 1 =26V =34 | F—=———| -2’4 | ————— 28
u(¢) =In be\/__%(5+c) 1 be\/—_%(CerC) -1 ’ )

where & = kx + wrt.
Set III: We have the following:

1 2
=—0, A=k—w, b=\/c2—-=, c=c, Ay=0, B =0, B,=0
a /—:A7 w-, c Aa c c, 0 5 1 ) 2 )
k=k, w=w,

Al:(c_b)m, Az:l—czA —|—C\/m7
v(£) = A tan (@) + A, tan? (@) (30)

By using of the Families 1, 2, 11 and 13 can be written, respectively, as
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ui3(§) = ln{—l + \/—_3tan(% \/g(é + C)> —% {1 - \/—_3tan<% \/g(é + C))

4 (&) = 111{—1 - ﬁtanh(% \/——g(f + C)) —%

1 + v/3tanh (% \/jg(é + c))

o (14 V3)eV =0 /=4
ms(g)ln{(lﬁ) [(1\/§)e\/—%<5+c>\/7 +(2+V3)

(14 V3)eV 0 — /=4
(1= V3)eV 0 — /=4

V=AeV O (V3 - 1)
V=AeVHEH0) _ (V3+1)

V=AeVHEHO (3 - 1)
V= AeVAEHO) _ (V3+1)

u16(€)—ln{—(l+\/§)[ :| +(2+\/§)|:

where & = kx + wrt.
Set IV: We have the following:

B,=0, k=k w=w,

1 —/3i 1
Ay =(b—c) — 4 A=y

v(é) = A tan (@) + A, tan® (?)

By using of the Families 1, 2 and 11 can be written, respectively, as

A

)

(33)

)

(34)

2
up7(x,1) = 1n{1 74\/§i (2 I:l — mtan< 3\/227 3(kx+wt)):| — |:1 — mtan< 3\/227 3(kx+wt)>:| ) },

wis(x, ) = ln{l 74‘/5 (2 {1 + \/Etanh( 3 7831‘\/51'(10: + wt)>:| - [1 + /3 tanh < 3 783Aﬂi(kx + wt))}

@ Springer
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ug(x,1) =In %(ﬁ—1)(1_\/§){( 14+ V3)V/1 = VBieV/ Skt _ \/—]

( )\/1———713 —3(kx+wr) ) — 24

1 2 (14+V3)V1 —3ieV ikt /3 ’
-~ (V3- V3 .
7 (V31 - 3){ VW = ViVt /34 (39)

Set V: We have the following:

24 s (40)
1-2i 5 5 3—i B
A()— 6 A(b - )_ D) ’ Al _07
3v3-3 1
A2 :0, B] = (b+C)A\/(b2 7C2)l.7 \/;A l,Bz = 77A(b+C)27k:k, w=w,

v(&) = Ag + By cot (@) + B, cot? <@) .

By using of the Families 1, 2, 14 and 18 can be written, respectively, as

o Jr—2i V3 —i 24(c2 — b2)(1 4 1) +3v/3 — 3i
”2"()"”_1“{ g AW —) -3 +<bzcz+¢ 24(0* — )i — 3v/3 + 3i

-1

3v3-3i ;
V- -+ £y
Xtan( 2 (kx+wt)):| _2A(b2—02)i73\/§+3i

) [1 . fA(cz 01D +3f_3im<¢%— (= )1 +9) (mm))

2A(b% — )i —3/3 + 3i 2

U (x,1) —ln{ \/§—i+(b2 —cz)|:1 + \/2A(b2 — )1 +0) ~3V3 43

2 24(b? — c2)i — 3/3 +3i

-1

—3V343i 2 _ o2 i 2
=l (B2 =) (L +i 2(p2 — 2
x tanh \/ 2 ( i )(kx+wt) - 4G =)

2 24(b* — )i — 33 +3i

5 [1+\/2A(b2—cz)(l+l)—3\/_+3l anh(\/_3x2/j+3i+(b2_c2)(l+i)(kx+wt))} },

2A(B% — )i — 3v/3 + 3i 2

(43)
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3 _3V3-3is
(x,) =In ﬁﬂ@z 4 3v3 -3 \/——3@3@\/ EHO)
uxn(x,t) = ) c > - _7%(&@ -

333,/ - W3Sz -
V=24 (44)

3\/_ 3'(C+C> l ’

ce

ux(x,t) =In 4= f)l;1_4f (V3 + i) cot \/%ﬁ(kxﬁ-wﬂ

343V3i L[ [34+3V3i
+ ———cot s —
4 84

(kx4+wt) | ». (45)

Set VI: We have the following:

3 3 1
a=0, b= CZ—Z, c=c, A1=0, Ab==—c*4+c4 i AO__E’
(46)
(]
B =0, B,=0, k=k, w=w, V(é) =A)+ A tan’ <%> (47)

By using of the Families 5, 6 and 18 can be written, respectively, as

2_ 3
1 (3 [, 3 ¢ —gtce 1 /3
upa(x,1) =1In —E—i-(z—i—czl cz—Z—c2A>271tanh2(§ —Z(kx—l-wt)) )
—-3-

C C

(48)

1 3 1 e\/—_%(karwt) 1 28\/*_%(10\‘“”) (49)

ups(x,t) = In{ — =+ 7tan —arctan ) ) 49
25(x, 1) ) 2 eV Rlketwt) T o/ Rlhtwn) 4

uxs(x,1) = ln{ - % — %tan2 (\/g(kx + wt)) } (50)

Set VII: We have the following:

j 1
a=0, b= icz—%? c=c, A =0, A2:—§A(b—c)2, (51)

2i—1)4 i 3
Ao:C(l6 ) +l+4f7 B =0, B,=0, k=k w=w,

V(&) = Ag + A, tan (@)

By using of the Families 5, 6 and 18 can be written, respectively, as

(52)
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uyy(x,1) = 1“{0-(i6 D4 + i+4\/§—%zl<(i— 1) — 3 J;j\/g> tanh? (; (i—1)c? e ;jf kx+wt)> },

i+ \/_ 3i+ 3\/_ oV~ Bt _ 1 Ze HM (hr+2wr)
uzs(x,1) =In Earctan

4 oV~ o) n 1 e /8 ) 1
(54)
2v/3 -1 2 ] - ] —
uo(x,1) =1In (@V3-1)+@+ V3 3 3\/gltanz 3fl
4 4 8A
(55)
Set VIII: We have the following:
3 1 3
a=0, b= cz—ﬂ, c=c, AOZZ’ Al =0, Ay==—Ac"+c4 v
1= 07
(56)
3 3
32:§—A62—CA cz—a, k=k, w=w,
P (]
V(&) = Ag + A tan® (%) + B, cot? (?) , (57)

where 4 = k> — w?. By using of the Families 5, 6 and 18 can be written, respectively, as

1 (3, L 3\Ve-ate (1 [ 3

H=In{~+ 2 — A2 +eAy]2 — = | 22— tanh? [~/ — Z(kx + wr

uzo(x,1) =1In ) g~ Ac tedyje -~ 6273ican 2 A( wr)
Y

3 3\ Ve @ 1 [ 3
+ g—Ac2 —cdy/c? ~ 14 Y = coth® ) —Z(kx—i-wt) ,
V-t
(58)
1 1 e\/——%(kx+wt) -1 Ze%ﬁ(kx-%—wt)
u x t - —arctan s
i 4 \/T%(kx+vv't) 41 e\/j%(kx+wt) +1
+ 3ot
8

+ 2 tan
8
-3 k_x+wt) _ 1/ =3 (kx+wr)
larctan L 2 , (59)
2 V3 krtwr) ) 41 e\/:<k"+W’ +1
1 3 1 /3 3 1 /3
up(x,1) = IH{Z - gtan2 <§ \/g(kx + wt)) - gcot2 (5 \/%(kx + wt)) } (60)

Set IX: We have the following:
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3 —3V3i 1
a=0,b= 62—}—77 c=c, A =0, AZ:—EA(b—c)Z,
1
Ao—g(Cz—bz)A B =0, (61)
o(& ®
Bz———A(b—i—c)z7 k=k, w=w, v(¢)=A4+A tan( (ZC)>+B <$>,

(62)
where 4 = k> — w?. By using of the Families 5, 6 and 18 can be written, respectively, as

3vV3i—-3 3V3i-3 o1 [3-3V3i o1 [3-33i |
u;;(x,t)—ln{ 7 + 16 {tanh 1 2 (kx + wt) | + coth 1 Y (kx + wr) ,

(63)

3\/_1 -3 3\/§i -3 L1 eV 3 ) _ 1 Ze%\/%ﬁ(k.wrwt) )
u34(x I) tan

—arctan ,
24 16 2 e / 3’;/“/3‘(kx+wt) +1 e\/%ﬁ(kﬂrwt) +1

3v3i—3 1 oV B ktwt) _ 1 o b/ )
+ 2 —cot? 3 arctan ,
e

16 \/2 23/}/5’(kx+wr) +1 78\/ 3 ?‘/_’(kaer) 41
(64)
3v3i—-3 3v3i-3 3v3i—-3 3v3i—-3 3v3i—-3
uzs(x,1) = ln{ \/;4 - \/}6 tan? (i \/;A (kx + wt)) - \/}6 cot? <i“ \/;A &+ C) }
(65)
3.2 Dodd-Bullough-Mikhailov (DBM) equation
Now we consider the Dodd-Bullough—Mikhailov (DBM) equation as follows
Uy + e +e =0, (66)

by using the transformation v(x, 1) = e~"1) Eq. (66) transforms into the following partial
differential equation,

Wy — v+ +1=0. (67)
The travelling wave transformation ¢ = kx + wt reduces Eq. (67) to the following ODE
w(w” — (V) +v3 +1=0, (68)

where Vv = d" and V! d—z Balancing the terms vv" and v* by using homogenous principle

one can be found
2M +2=3M, M=2. (69)

Here, for simplicity, we set p = 0. Then (6) reduces to
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v(€) = Ap + A, tan (@) A, tan® (@) + B cot (@) + B, cot? (@) . (70)

Substituting (70) and (7) into Eq. (68), the following solutions are obtained.
Set I: We have the following:

3 1
a= \/cz—bz—l-m, b=, c:c,Ao:—l—i-Ekw(bz—cz)7

A=0, A =0, k=k w=w, (71)
3 1 2
By =—(b+c)kwy/c? —=b*+-—, By =—=kw(b+c),
seN " red) 72)
v(&) = Ag + By cot (T) + B, cot? (T)’

By using of the Families 1, 2, 12 and 19 can be written, respectively, as

-1
uy (x, 1) ln{—l +%kw(52 — %) — (b = A)kw {1 - —mtaneﬁ—%(kxntwt)ﬂ
1 2w (p? — ¢2)? 3 1 [ 3 -
T 23— (12— D)kw {1 T —c2)tan<§ V _E(kx“”))} }
(73)

3 1 /3
1+ =) CZ)tanh<§ \/%(kx-i- wt))]

-1

1
iy (x, 1) —ln{—l + Ekw(bz — %) = (1 = A)kw

)
1 w2 (b? — ¢2)? 3 1 \/?
23— (B = Pkw 1+ 3_kw(b2_c2)tanh S\ et + w) ,
(74)
—1
( ) 1 1 ! (3 fw 2) \/—3‘ Tow ( % + c) e\/g(kﬂ»wt) +1
uz(x, t)=In{ —1+— . 2) — 3 .. .
2 kw (\/% _ C) e\/%(kx+wt> 1
-2
1 3 2 ( %-FC) e\/kl;(kwwr) 1
- kw —+c ’
? fow (\/% — c) Slkxtwt) _ 1
(75)

1 1 g
ug(x, 1) =In{ =1 — 6¢|—————| — 62 | ———| ». 76
4(x, 1) { L\/g(kﬁwt) B C] L@(/mm) _ J } (76)
Set II: We have the following:

@ Springer
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(77)
3+33i 1
By = —(b-i—c)kw\/cz—bf—w, B, = —Ekw(b—i-c)z, 78)
v(&) = Ag + By cot (@) + B, cot® <$> .

By using of the Families 1, 2, 12 and 19 can be written, respectively, as

-1
L+ V3i+kwB?*=¢®)  , 34330 [3 4 3/3i
) =In{ ————— = — (b* = )kw |1 — [ — t (kx + wt
e "{ 2 (b = how 343V 1 2kw(b— ) ST

-2
1 RwA(b? —c2)? 3433 343/3i
+ a <) 1—4/— 3V tan + fl(karwt) ,
2(b? — c2)kw +3 +3/3i 34 3V/3i + 2kw(b* — ¢?) 8kw

(79)

-1
ug (x, 1) 1n{1+\/§i+kW(VCZ) — (B? = Pkw |:1 + \/Mibzcz)tanh< 3 z:w\/-l kx + wt)):|

2 3+ 3v/3i + 2kw(

-2
2.02(12 22 . .
- 3 [ 3
! KW - ) -1+ A+ 3V3i tanh S 3\/§l(kx+wt) R
2(b% — c2)kw +3 +3V/3i 34 3V/3i + 2kw(b? — ) 8kw

+ =

(30)

uz(x,1) =In¢ —

343V3i /22w B
1+\/§i+2kwcz_ ( _3+3\/§i+c>kwc (\/ 2hw +C>e 2 +1
4 2, . 3+3V3igy ;
kw <\/7 32?0\{51 _ C>e\/f%(kx+wt) -1

_ 3+3\/_l 3+3;/,3‘(k)r+wt)
1 ( 343V ) <\/ Yo > : +l
— —kw — + (\/

-2

2 2kw _ 3+23:fi _ C>e\/73‘2'2:‘/,3‘(kx+w1) 1
(81)
2
1 3i 34+3V3i 1
ug(x,7) = In V3 + ol + V3i) + ¢*(3 4 3V/3i) v
2 oV B etwr) _ oV B ) _
(82)
Set III: We have the following:
2 2 2 b2
a=a, b=b, c:c,A():—L7
2(a* + b* — ¢?) (83)
3a(b — c) B 3(b—c)?

Al:a2+b2—cz’ 2T 2@+ =)
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3
~ w(a® 4+ b2 —2)’

(9] ?(<)

(84)
w=w, V(é) =Ap+ A tan (T) + A, tan’ <T) .

By using of the Families 1, 2, 6, 10, 12 and 18 can be written, respectively, as

(1) =In 6a* + b* — ¢? N 3a wan V2 — b2 —a? 3 o
uy(x,t) = X+ w
o 2@ +b—c) e _p g2 2 w(a + b2 — ¢2)

—— 2
3)|:a c2b2a2tan< csz27a2< ( 3 2)x+wt>):| }7

2(a* +b* — 2 w(@® + b —c¢
(85)
(6.0) =1n 6a* + b? — ¢ 3a anh [YE P =€ 3 -
uo(x, 1) = - w
o 2a>+0* =) e+ -¢? 2 w(a? +b? —?)

2
3 Va? 4+ b? — 2 3
[ 212 _ 2
NPT — ) a+va*+b>—c tanh< > (W(02+b262)x+wt>>:| }7
(86)
(1 o2 (Zprtwr) _ 1 26 (Zprwr)
uy(x,t) = In{ = — = tan* | ~arctan - , - : (87)
2 2 2 e2b (m)ﬂ»wt) + 1 (32b (m)ﬂ»wt) + 1
( ) | e eka (ﬁx#»wr) eka (wk%(lzx+wt) 2 (88)
up(x,t)=In{ -1-6|————| —6|——F—
12 1— eka (ﬁ)ﬁf“ﬁ) 1— eka (ﬁﬂrwt) ’

3 3 2

P =3¢ 3e(b—c) |(b+c)e (Getr) 4y 3b—c) |(b+ c)e”(f‘hz”W’) +1

up3 (X, t) =1In + — s
2b? b? (b _ c)eh (W;%Prwr) 1

(89)

1 3 1 3
ura(x, 1) :ln{—E—Etan2 {5 <—ax+cwt+C)}}. (90)

Set IV: We have the following:

3 —3V3i 1 3—3V3i
aZ\/Cz—bz—iﬁ, b=b, c:c,Aoz—kw(bZ—c2)+7\[’, B, =0,

2kw 2 6
B,—0, k=k
(o1)
w=w, A= (b—c)kwa, A= —lkw(b — ),
(o) (900 2)
V(é) = A() +A1 tan (T) +A2 tan2 (T) .

By using of the Families 1, 2, 14 and 18 can be written, respectively, as
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2 8kw

2
1 3 —3v3i 3 —3V3i 3 —3/3i
_ 2 _p2 _ 4 (
3 kw |:\/C b T ¢ o tan (\/ o (kx + wt) )

u|5(x,t)ln{1kw(c2h2) 3\[[ \/18 +V/3i) — 6kw(1 — V/3i)(b? cz)lan( 33\/§i(kx+wt))

(93)

u16(x, 1) =1n{;kw(c2 —b?) - 3 _iﬂi +%\/6kw(l —V3i) (B2 — ) — 18(1 + V/3i) tanh( 3\/8_1{1 ~(kx + wt))

2
1 3-3V3i | [3v3i-3 3v3i-3
_ - 2 _ (
2kw |:\/ —b T \/ o tanh (\/ T (kx + wt) )

(94)
_ i _3-3V3i Wi
bp) —md 32 IVA e 3 VA e R R
up7(x,t) = ——— + 2ckw{/ —
v 6 2kw Ce\/@(kﬁ»wt) —1
2 (95)
vV~ : 2?&/_["
ce = 3‘/_(k:c+wt) 1 ’
1—V3i—kwe> 1, , [ [3-3/3i
uig(x,t) =1In — - Ekwc tan W(kx +wt)+C| 3. (96)
Set V: We have the following:
b —c? 2 b —c?
= b=b>b = Ay=0, B =0, B,=0, A =
a 2 ) y € C, 0 ’ 1 ’ 2 ) 1 b+c ) s
w=w,
97)
— 2 -1 ]
Azz—b c7 = z +/3i 7

v(¢é) = A tan <¥> + A, tan? <¥) )

By using of the Families 1 and 2 can be written, respectively, as

o (x,1) = ln{l - \/_3tan< f%(bz ~ ) (W(bfi = (_1 Zﬁ")w wt))

_;[1_\/—_3tan< —%(bz—@)(w(bzz_cz) (—1—;\/§I>X—&—wt)>r )

(99)
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o (x, 1) —ln{l + \Etanh< %(bz _ ) (w(bzz_ 5 (_1 ;ﬁi>x+ wt))

1+ \@tanh< %(bz - (W(bzz— ) <_l +2\/§l'>x " Wt))] |

(100)

Set VI: We have the following:

b _ 2
26, b=b, c¢=c,Ay=0, B, =0,

101
B—oa — 2 P-¢ —14+V3i\ (101)
2= TV T2 AN

b—c(—1+3i 2 —1+V3i
Ay = — 77 k= )
b+c —c?) 2

0 nn () (%)

By using of the Families 1 and 2 can be written, respectively, as

(102)

uzl(x,t)ln{%\/ﬁi l—\/——3tan< —%(b2—02)<w(b227c2) (’lzﬂ’)ﬁm) }
I e e CE=y ) |

103)

(
1+ \/§tanh< %(bz ) (w(bzzf ?) <_1 +2 \/gi)x i Wt))}
(

—1+V3i
up(x, 1) =In —

_—1+\/§i
4

1+ \/§tanh( %(b2 —c2)<w(b22_ = (_1 J;\/gi)erwz))

Set VII: We have the following:

104)

1 3b—c
a 07 ) c c, 0 2’ 1 07 2 2b+c7 1 07 2 07
(105)
3 44C9)
k:m, w=w, V(é):AQ+A2tan (T . (106)

By using of the Families S and 6 can be written, respectively, as
1 3 (Vb= ¢? 3
ups(x, 1) :ln{i—itan ( 7 W(bz_cz)x—i-wt—i-C , (107)
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2b<wix+wf+C) _ b(wierthrC)
L arctan | . L 263 . . (108)
2 eZb(meerC) 1 eZb(mJHerrC) 41

2

— étan
2

1
u24(x, [) =1In E

Set VIII: We have the following:

a=0, b=b, c=c, Ao—(_l%\/@), A =0,
109
Ao Bboe(—1VE (109)
2 = 2b+C 2 y 1 =Y,
B 3 —1+V3i _ o _ 2(P()
B, =0, kiw(bz—c2)< 5 ), w=w, v(f) =Ap+A;tan <T
(110)

By using of the Families 5 and 6 can be written, respectively, as

uzs(x,t)—ln{_l+\/§i3<_1+\/§i>tan2<m< 3 <_1+\[ +t+c }

4 2 4 2 w(b? — ) 4
(111)
_ . Zb(#( "Z‘Ei),\terl) _ b(nzz “‘1 x+m
uz(x,2) = In L+ Vi 1-— étam2 lalrctan ¢ - ! , 2 )
4 2 2 o2 (3 (255 ) 1 o2 (2 (255) )
(112
Set IX: We have the following:
1 3b—
a=0, b=b, c=c, Ag=—=, A1 =0, Ay=-2__F
4 8b+c (1 13)
B —0.B 3b+c
1= Y,D2 8h— C’
3 2 (209 2(2(9)
:m, w=w, V(é) :AO +A2tan <T +BzCOt T . (114)

By using of the Families 5§ and 6 can be written, respectively, as

uyr(x,t) = ln{fi 7% {tarf( b22— < (4w(b23— Cz)x + wt)) + cot2< b22_ ¢ <4w(b23— Cz)x + wt))} ,
1

(115)

eZb (4‘3172 ) —1 2€b (ﬁx{»wr)

M) o o) |

3 1
upg(x,t) =Inq — i gtan2 3 arctan

(116)
o2 (#.Prwt) 1 26" (ﬁx +w,)

€2b (ﬁ)ﬂ»wt) + 1 ’ezb (4:}12)(4»\4»7) + 1

t2 ! t
— —CO —arctan
8 2

Set X: We have the following:
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1 /-1 3i
a=0, b=b, c=c, A =0, Ao——(_;\/_l),

117
PR LAl Gl B (117)
2T T 8h+o 2 ’
Blz()’k: 3 _1+\/§l s w=w,
4W(b2 — C2) 2 (118)

0 [
v(&) =Ao+ Az tan’ (%) + B, cot? (@) .
By using of the Families 5 and 6 can be written, respectively, as
1/=1+3i\ 3/-1+3i Vb — 2 3 —1+V3i
uzg(x.,t):ln{—1< 5 >—§< 3 >|:tan2< 5 <4w(b2—c2)< 5 >x+wt+C>>+

(P ey (o))

(119)

_ h Zb(ﬁ("“@)ﬂr»w) _ b(%(’“’ﬁ')ﬂ»wt)
uzo(x, 1) _ln{l 3 <M> tan® (%arctan [e ( : i : ) 2o e

2 m( Hzﬁl),\urwr) 1 EZb(ﬁ( H:ﬁi)XJrW[) 1

3 <—1 + \/§i> 2 (Lian 1€ (Re(52)emm) _ g (G (255 vhm)
— = |———=— ] cot —arctan 5 .
8 2 2 eZb(#(’l?/g'))H»wr) +1 eZb(ﬁ("é‘/g'))H»wr) 41

(120)
3.3 Tzitzéica-Dodd-Bullough (TDB) equation
As last example, we consider the Tzitzéica—-Dodd-Bullough equation as follows:
Uy —e " —e =0, (121)

by using the transformation v(x,f) = ¢ ™", Eq. (121) transforms into the following
partial differential equation,

—Wy v — v =Vt =0, (122)
The travelling wave transformation & = kx + wr reduces Eq. (122) to the following ODE
kw((V)2 = w") =P — vt = 0. (123)

Balancing the terms v” and v* by using homogenous principle one can be found M = 1.
Then (6) reduces to

v(&) = A0+ A {p + tan (d)(;))} + B [p + tan (@(25))} 71. (124)

Substituting (124) and (7) into Eq. (122), the following solutions are obtained.
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Set I: We have the following:

—b)—a b—c
kek A=d s p=p AgPlePlma o bocp o (125
p=p, Ao S 1= B (125)
1 o(¢
W= v(&) = Ao+ Ay {p—i—tan(%)} (126)

Using the transformation # = Inv and according to (126), the following solutions are
obtained.
By using of the Families 1, 2, 6, 10, 11 and 18 can be written, respectively, as

ul(x,t)—ln{—\/jtan< c-boa (kx—k( ! )t)>}, (127)

2 2 a? + b — 2
1 Va2 +b? —c? 1
t) = In< —tanh kx — t 128
2 (1) “&a“< 2 k(@ + b2 — &2) o (128)
) | eZb(kx—khth) 1 2eb(kx—ﬁr)
uz(x,t) = In{ —tan [ —arctan l , 1 , (129)
2 2 o2 (- L1 (ke—1xt) 1
1 1 ea<kx7ka%t)
t) = -t
S A e
] (130)
. —a b—a(a+ b)eb(k"*m’) -1
us(S) =1n3 55— 1 ’
(a— b)eb (kxfkﬁt) -1
1 1 1
ué(x,t)zln{zitan[i (kx—i—@t—i-C)}}. (131)
Set II: We have the following:
—1 A 1
w=w, p=—- 4 ) A0:_7 A1:07 B1: \/_ ) k:__7
b—c 2 2(b—c) wA (132)
o -1
v(&) = Ao + B, [ertan( (25))} )

where 4 = a® + b> — 2. By using of the Families 1, 2, 6, 10, 11 and 18 can be written,
respectively, as

u7(x,t)=1n{_71—%icot< C2_b2_a2< ! x+Wf>>}, (133)

2 Cw(a + b —2)
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2b(7w+2x+wt) _ b<7w#2x+wt)
ug(x, 1) = In —l—l— lcot larctan ¢ - ! , 200 . (135)
2 2 2 eZb(—ﬁﬁrwt) 1 eZb(—ﬁXerr) 41

1 111 e“(7;»-22x+‘Vt) !
uro(x,1) = In ST Al T ) (136)

1 b b b(—w#zx-#wt) -1
(1) =Ind — 2+ e laxhe 7

2 2b—-a)| b—a (a— b)eb(*ﬁﬁw’) -1 (137)

1 1, 1 1
upn(x, 1) —ln{—i—ilcot[i <Ex+wt+C)} }

Set III: We have the following:

_—a+3Va? + b -2
N b—c

4
Ao:—z, Al :O7 Bl :b—\/a2+b2—c2, (138)
—C

1
w(a? + b? — 2)’

V(&) = Ao + By {pﬂan(@)y. (139)

w=wk=—

By using of the Families 1, 2, 6, 10, 11 and 18 can be written, respectively, as

-1
3 —itan c-b-a ! + wt
—i - x+w
2 w(a* + b> — ?) ’

(140)

3+ tanh Va? 4+ br — 2 1 et -
an — xX+w
w(a® + b —c?) ’

ups(x,t) =Inq¢ —2+4

u14(x, t) =In< —2+4

2

(141)

1 eZb(fn‘,‘)zxwLwt) 1 Zeb(fwll’szﬁwr) !

uis(x,t) =1In< —2 + 4|3 + tan | —arctan ] , 1

2 €2b <7wb2x+wt) +1 eZb(fm)ﬁwt) +1

(142)
ea (7“_(‘l2x+wt) -
M16(X7l):1n —24+2(1+—7F——= )
1 — ea(fﬁ)ﬁkwt)

(143)

-1
a [3b—a (a+ b))

b —da b —d (a _ b)eb(—ﬁ)ﬁ—wt) _ 1

uig(x,t) = ln{—z —4i {—31‘ + tan (% (%x + cwt>)] h } (144)
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Set IV: We have the following:
_2(240 + 1)(a® + b* — %) +2aVa® + b* — c2
2(b—c)Va* +b*—? ' (145)
2A A 1
B — 0(Ao + ) /—2 s

1 ®(¢ -1
Ao =Ag, w=w, k:—m, V(f):A0+B1[P+tan(%>] .
(146)

By using of the Families 1, 2, 6, 10, 11 and 18 can be written, respectively, as

- 11
) 2 —b2—qa? 1
uro(x,1) =1nq Ag — 2A40(Ao + 1) 240 + 1 +itan ) 7w(a2+b27c2)x+m ,

r 1-1
Yy — I
ugg(x,t)—ln{Ag—ZAo(A0+l) 240 + 1 —tanh( e (— ( )x+wt> ,

2 w(a® +b* —c?
(148)
1 eZb(—#xﬂvr) 1 zeb(—#ﬁrwr) -
ur1(x,1) = In¢ Ag — 2A0(Ap + 1) | 249 + 1 — tan | —arctan , ,
2 o2 (~perm) IR (~perm) 1
(149)
6 ( M 2x+wt) !
uzz(x,t) =In Ao—Ao(A0+1) 2A0+2—ﬁ R
+wt)
2bA0(Ag+1) |(2A0+ )b +a  (a+ b)eb(*ﬁﬁw’) -1 B
up3(x, 1) =Ing Ag + b b — 1 )
—a p @iy
(150)

1 -1
o (x,1) = ln{Ao —240(Ag + l)i[(ZAo +1)i+ tan(z—wcx+%t + C)] } (151)

Set V: We have the following:

—c—2aA b—c) —4A2(@® + b — 2
boez2ah 1 A—a, B =T M@ )
Z(b—C)Al 4A1(b—6‘)

(152)

p:
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4A?
k(b —c)*’

0= to o rn(22)] 4o (2]

By using of the Families 1, 2, 6, 10, 11 and 18 can be written, respectively, as

1 Ve - —a? Vet — b —a? 442
1) =In{ —~—A t kx — Lt
urs(x, 1) n{ 3 1 P an( > <x k(hfc)z ))

—1
N (b—c)* —aA2(a> +b* =) | 1 \/c2—bZ—aZt Ny e 442 ,
— = an - s
47, (b — ¢’ 24, b-c 2 k(b —c)?

k =k,

W= —

(153)

1 Va2 + b2 =2 Va® + b —¢? 4A?
t)=In¢{ —=—+A tanh kx —
U6 (X, 1) n{ 2+ | Py an| ( 3 k(bfc)zt

L AN 222 SR — SR —) 2 !
+(b ¢)’ — 4A%(a +2b ) L_‘r\/a T Var + b —c A . 7
4A,1(b —¢) 24, b—c 2 k(b —c)

(155)
2
1 1 ( __21) ( ‘%)
uy7(x,t) =Ing — 3 + A tan Earctan
2ek) | ( )
lJ) +1
s ~1
2b —') b(kxfﬁ)
v IO R e( g 2\ @
A |za, T tan| yarctan ~ ,
A |24 2b (kx 71) (k)ﬁﬁt)
e )41
(156)
1
a (kfo—%zt) a (kfo—%zt)
() =Ind —Ly AL A} 7 JloAlgA, ed "
uxg(x, 1) = —
e 22 a(kxif) Al | 24 a(kxﬁt) ’
1—e ka2 l—e *a2
(157)
__)
1 aAq (a—}-b)gb(kx o= -1
uzg(x,t):ln —E—b — 2
—a b(kx—ﬁt)
(a—D)e |
(158)

442 -1
b kxf—])
(b - a) A2b2 b—a—2aA, (a + b)e ( W) 1
4A,(b — a)* 2(b — a)A, b(kxi w ,) ;
(a — b)e kb -1

—a)?
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1 1 2A2 1—|—4A2 1 242 -
t)=In< —=+ At kex —=Lr) + — +tan| —kex — =1L¢ .
uzo(x,1) n{ 5 1 an( cx o ) A, [2 ) an(2 cX o )}

(159)
Set VI: We have the following:
—a 1 b—c A4
= Ay=—=, Aj=——, B = 160
p b_c’ 0 2’ 1 4\/27 1 4(b_c)7 ( )
R S _ () PO\
w=— k =k, v(é)—Ao—l—Al{p—i—tan( > )}—i—B{p—&—tan( > ,
(161)

where 4 = a®> + b> — 2. By using of the Families 1, 2, 6, 10, 11 and 18 can be written,
respectively, as

uz (x,1) —ln{—;—ii{tan<\/? (kx—4klAt>> +cot<\/;—A (kx—4klAt)>} },

(162)
VA VA 1
= In{ —=+- |tanh| — | kx — th{ — [ kx ——
a2 (1) n{ 2 Ta | (2 ( 4kA> +eoth| < 4kA’) ’
(163)
) 1 11 1 eZb(kxfﬁt) _ 2eb<kx—ﬁt>
uzz(x,r) = In<d — -+ —tan| <arctan s
2 4 2 eZb(kxfﬁt) +1 eZh(kx s ) +1
(164)

. ) 1 . ezb(’“*ﬁ’) -1 2é (Mfﬁt)
—cot | ~arctan ;
4 2 2lbt) 7 () g

-1
3 1 ea(kxfﬁt) 111 ea(kxfﬁt)
wg(e,t) = —>— - L - wL L (165)
34 42 aleot) 8|2 Laleg)

5 (166)
n b a (a+ b)eb(kxﬂkl/ﬂ’) -1
Mb—a)la=b b)eb(kx_ﬁ;ﬂ[) T ;
1 1 kc 1 1. kc 1
M36(X7[) —ln{—i—&-zltan(Ex—l-%l) 4[C0t(—x+§1)} (167)

e Note that: All the obtained results have been checked with Maple 13 by putting them
back into the original equation and found correct.
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4 Physical interpretations of the solutions

In this section, we depict the graph and signify the obtained solutions to the Tzitzéica type
nonlinear evolution equations. Now, we will discuss all possible physical significance for
parameter.

Remark 1 InFigures 1,2,3,4,5,6,7,8,9, 10 and 11, we plot three dimensional graphics
of real values of (15), (16), (20), (54), (73), (74), (76), (108), (127), (128), (130) respec-
tively, which denote the dynamics of solutions with appropriate parametric selections. We
plot three dimensional graphics of Figs. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 and 11, when
—10<x<10,0<7<10. To the best of our knowledge, these optical soliton solutions have
not been submitted to literature in advance. The analytical solutions and figures obtained in
this paper give us a different physical interpretation for the Tzitzéica type nonlinear
evolution equations.

Remark 2 Solutions uy,uy, u7,uy, Uiz, u17, Uz, U3, Use, Uog, Uy, Uszs of the Tzitzéica
equation and uy,us,ug, Uja, Uys, Uig, U9, Uzl U3, Uss, U9 Of the DBM equation and
Uy, Us, U7, U1z, U13, Uis, U9, Uoa, Uds, U3, Us1, Uze Of TDB equation represent the exact peri-
odic traveling wave solutions. Periodic solutions are traveling wave solutions that are
periodic, such as sin(x + t). Figures 1, 5 and 9 show the shape of the periodic solutions of
uy of (15), (73) and (127) respectively. The other figures are ignored for simplicity.

Remark 3 Solutions uy, u3, ug, u1o, U4, U1g, U1, Uag, U7, U3, Uzz of the Tzitzéica equation
and uy, ue, 10, U1, Uo,uz; of the DBM equation and up,ug, uja, Uz, Use, u3p of TDB

(@) (b)

u 1(x,t)

0 -10 X 0 -10 X

Fig. 1 Graphs of u; real values of (15) are demonstrated at a k=5w=3b=2c=3,
bk=3,w=2b=2c=4,when -10<x<10,0<r<10
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(a) (b)

4.95

4.9

u,(x,t)

lass =

4.8

10

.4.75

0 -10 X t 0 -10 X

Fig. 2 Graphs of u, real values of (16) are demonstrated at ¢ k=1,w=3b=3,c=1,
dk=2,w=5b=5,c=3,when -10<x<10,0<tr <10

(a1) (b1)

3.5

3.5

0 -10 X

Fig. 3 Graphs of ug real values of (20) are demonstrated atal k = 1, w =2,b=2.blk=1,w=2b=35,
when —10 <x < 10,0 <7< 10

equation are the soliton solutions. Solitons are special kinds of solitary waves. Solitons
have a remarkable property that keeps its identity upon interacting with other solitons.
Soliton solutions have particle-like structures, for example, magnetic monopoles, and
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(c1) (d1)

0 -10 X Yoo x

Fig. 4 Graphs of uyg real values of (54) are demonstrated at ¢1 k = 1,w =2 and d1 k =2,w = 1, when
-10<x<10,0<t< 10

(a) (b)

u1(x,t)

0 -10 X 0 -10 X

Fig. 5 Graphs of u; real values of (73) are demonstrated at a k=1,w=—-2b=1,c=2 and
bk=3w=—-6,b=2,c=4,when —10 <x < 10,0 <7< 10

extended structures, like, domain walls and cosmic strings, that have implications in
cosmology of the early universe. Figures 2, 6 and 10 show the shape of the exact soliton
solutions of u, of (16), (74) and (128) respectively. The other figures are ignored for
simplicity.
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(a) (b)

0.1
0.2,.

0.05
0.1y

0

0-10 X
Fig. 6 Graphs of u, real values of (74) are demonstrated at ¢ k=1,w=2b=3,c=2 and
dk=2,w=1,b=4,c=2,when —10 <x < 10,0 << 10

(a1) (b1)

5.5

u 4(x,t)

0 -10 X t 0 -10 X

Fig. 7 Graphs of uy4 real values of (76) are demonstrated at al k =5,w = 6,c =4 and bl k = —10,w =
6,c =10, when —10 <x < 10,0 <t < 10

Remark 4 Solutions us, ug, u11, 12, Uys, Ui, U1, Uz, Ups, Usg, U31, Uzs Of the Tzitzéica
equation and uz,ug, u7,ug, Ui, U, U3, U17, Uog, Ug, Usg, Uzg of the DBM equation and
U3, Ug, Us, Uy, W10, U1, U5, U6, U17, UL, U2, U3, Ud7, Udg, Udg, U33,U34, U35 of TDB equation
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(d1)

(c1)

0 -10 X 0-10 X

Fig. 8 Graphs of uy4 real values of (108) are demonstrated at ¢l w =2,b =2 and d1 w = 10,b = -5,
when —10 <x < 10,0 <t < 10

(b)

0-10 X

Fig. 9 Graphs of u; real values of (127) are demonstrated at a k =10,a =3,b=2,c=5 and
bk=-10,a=4,b=5,c=7,when —10 <x< 10,0 <7< 10

represent the singular kink-type traveling wave solutions. Figures 3, 4, 7, 8 and 11 show
the shape of the exact singular kink-type solution of ue, uz3 of (20), (54), ua, us4 of (76),
(108) and u4 of (130) respectively. We note that kink solution acquires non-vanishing
values as x — oo. For convenience the other figures are omitted.
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10 Graphs of u, real values of (128) are demonstrated at ¢ k=5,a=3,b=3,c=4 and
dk=5a=4b=4,c=5 when —10<x<10,0<t< 10

t 0 -10 X t 0 -10 X

Fig.
(al) (b1)

25

u 4(x,t)

0 -10 X 0 -10 X

Fig. 11 Graphs of u4 real values of (130) are demonstrated at al k = 5,a =2 and bl k = 10,a = 2, when
—-10<x<10,0<t<10

5 Conclusion

In this paper, the new approach of expansion method namely the improved tan(®(¢)/2)-
expansion method has successfully been implemented to investigate the Tzitzéica type
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nonlinear evolution equations. Abundant exact travelling wave solutions including soli-
tons, kink, periodic and rational solutions are obtained. It is worth mentioning that some of
newly obtained solutions are identical to already published results. It has been shown that
the applied method is effective and more wide-ranging than the generalized and improved
(G’/G)-expansion method because it gives many new solutions. Also figures analysis for
Tzitz€ica type nonlinear evolution equations have surveyed as well. Therefore, this method
can be applied to study many other nonlinear partial differential equations which fre-
quently arise in engineering, mathematical physics and nonlinear optics and the quantum
field theory.
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