Optical and Quantum Electronics (2019) 51:107
https://doi.org/10.1007/511082-019-1813-0

®

Check for
updates

Optical solitons in nematic liquid crystals with Kerr
and parabolic law nonlinearities

Nauman Raza’' - Usman Afzal? - Asma Rashid Butt® - Hadi Rezazadeh*

Received: 7 September 2018 / Accepted: 11 March 2019 / Published online: 27 March 2019
© Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract

In this work, a study is carried out to analyze nematicons in liquid crystals in the presence
of Kerr and parabolic law nonlinearity. Exp(—¢(&))-Expansion method is incorporated in
this regard. Solutions obtained include hyperbolic, periodic and rational solutions along
with their combo type solutions in both cases of nonlinearity and their existence is guaran-
teed by the constraints retrieved during the process.

Keywords Spacial optical solitons - Liquid crystals - Nematicons - Kerr law nonlinearity -
Parabolic law nonlinearity

1 Introduction

In optics, spatial optical solitons in nematic liquid crystals (NLC), also known as nematicons,
is a well-established topic now and it has been addressed in many books and a large number
of scientific articles. Spatial optical solitons form a specific class, as optics in space is charac-
terized by diffraction rather than dispersion, beam size rather than pulse duration, one or two
transverse dimensions rather than one in the temporal domain. A lot of work has been done
recently on solitons and, especially, spacial solitons due to their importance and vast applica-
tions, for instance, see Zhou et al. (2013), Ekici et al. (2017a), Raza et al. (2017), Raza and
Javid (2018a, b), Javid and Raza (2018), Raza and Zubair (2018), Zubair et al. (2018), Liu
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et al. (2018, 2019a, b), Zhang et al. (2018), Zhou et al. (2018), Yu et al. (2018, 2019), Yang
et al. (2018), Bulut et al. (2018), Rezazadeh et al. (2018a, b), Biswas et al. (2018) and Tabir-
yan et al. (1986) and references therein. Nematic liquid crystals (NLC) are a class of dielectric
media possessing a number of mechanisms of optical nonlinearity such as thermal, electronic
and photo refractive nonlinearities (Khoo and Wu 1993; Simoni 1997; Assanto 2012). How-
ever, their re-orientational nonlinearity became their signature. NLC are supposed to be an
ideal test bed to explore nonlinear optical phenomena and light manipulation (Peccianti and
Assanto 2012; Assanto and Karpierz 2009) because of their unusual nonlinearity and negli-
gible absorption. Nematicons are stable and robust self-trapped non-diffractive light rays in
NLC. The importance of their study arises due to their optically nonlinear, non-resonant, non-
local and saturable response which enables light to self-confine and guide additional optical
signals. Nematicons are being utilized as an ideal case for applications in all optical informa-
tion processing. The name 'nematicon’ was invented by Assanto in 2003 and used thereafter
(Conti et al. 2004). The term was first used in Garcia-Reimbert et al. (2006a) as part of its title
and, since then, a large number of theoretical, experimental and numerical results have been
obtained in many papers and conferences and paved the way to form a body of literature on
this topic (Garcia-Reimbert et al. 2006b; Minzoni et al. 2007; Sciberras et al. 2014; Savescu
et al. 2015; Kavitha et al. 2013, 2014; Ekici et al. 2017b). Nematicons have also been recently
studied by extended trial equation method (He and Wu 2006).

Keeping in mind this extensive study of nematicons in optics and other fields, we employed
Exp(—¢(&))-Expansion method in this article for the investigation of nematicons with Kerr
law nonlinearity as well as Parabolic law nonlinearity. Exp(—¢(&))-Expansion method is a
powerful method to determine the travelling wave solutions with wide applications in optics
and other fields. The method was first proposed by He and Abdou (2007) and further studied
systematically afterwards (Noor et al. 2008; Navickas et al. 2010; Ebaid 2012; Bekir and Boz
2008). In the recent years, the method proved to be a powerful method for determining travel-
ling wave solutions of a number of nonlinear PDEs (Akbar and Ali 2011; Kamruzzaman and
Akbar 2014, Ekici et al. 2017c; Ravi et al. 2017; Arnous et al. 2017). The method maintained
its pace and we obtained quite promising results in this article.

The rest of the article is organized such that in Sect. 2, the method is briefly explained and
in Sect. 3, it is applied successfully to the governing equations of nematicons to determine
different solutions for Kerr law nonlinearity and Parabolic law nonlinearity in Sects. 3.1 and
3.2 respectively. The article has concluding discussion in Sect. 4 which summarizes the whole
article in a nutshell.

2 Exp(—¢(¢))-Expansion method

In this section, the Exp(—¢(&))-Expansion method is summarized step by step as follows:

Step 1 Let us consider a nonlinear PDE given by

ou ou 0*u 0%u
9 3.0 3 % 2~ 2 A =0'
f<u or’ ox’ or 0x2) M

Step 2 Applying the wave transformation u(x, t) = F(¢), where e = x — It to (1), we get a
nonlinear ODE given by

g(F.F,F',.)=0, @)
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where prime () indicates the derivative w.r.t. €.
Step 3 Assume that (2) has a truncated series form given by

N

Fe)= ) a,(exp(-p(e)", (3)

n=0

where a,,n =0, 1, ..., N(a, # 0) are both constants to be determined and @(g) 1is given
by the following expressions for different cases:

Case 1 When A2 —4v > 0 and v # 0, then

Vi —4y tanh(—vi‘”(e +0) -4
2v ’

@ (e)=In

Case 2 When A> —4v > 0, v =0 and 4 # 0, then

A
=1 .
¢(e)=~In (cosh(i(e +C) + sinh(Ae + O)) — 1 >
Case 3 When A2 —4v < O and v # 0, then

Vv - 22 tan(—w‘;_’lz(e +0) -4
2v ’

@3(e) =1n

Case 4 When A2 —4v > 0, v # 0 and 4 # 0, then

_2/1(e+C)+4>

) =In ( (e + C)

Case 5 When A2 —4v =0, v = 0 and A = 0, then
@s(e) =In((e + 0)).
The following condition is also satisfied:

@' (e) = exp(=p(€)) + vexp p(e)) + A.

Step 4 The value of N is determined by balancing the highest order nonlinear term with the
highest order derivative of F'in (2).
Step 5 Substituting (3) in (2) gives

P(exp(—¢(€))) = 0. “)
Comparison of different terms in above equation gives the system of nonlinear equa-
tions whose solution yields a number of exact solutions for (1).

3 Governing system

The following coupled system of equations describe the dynamics of nematicons (Simoni
1997; Arnous et al. 2017):
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ug), + aq, + pdq = 0, (3)

19 + x9+aF(ql*) = 0, (6)
where ¢g(x, ) stands for the wave profile, 9(x, ¢) represents the tilt angle of the liquid crystal
molecule. Furthermore, the first term in (5) accounts for the temporal evolution of nema-
ticons and the second term stands for the group velocity dispersion. Functional F will be
chosen for the type of nonlinearity to be studied and a, 8, ¥, y, a are real numbers.

The solution of the above system of equations (5) and (6), chosen in phase-amplitude for-
mat, is given by

qx,1) = Q&) ™), & = k(x — up), 7

and

(x, 1) = P(S). ®)

The phase ®(x, ) is defined by
O(x, 1) = —kx+wt+ 0, 9
where « is soliton frequency, 6 is a phase constant and @ gives the wave number of soliton.

Inserting (7) and (8) in (5) and (6) and further splitting the resulting equation in real and
imaginary parts yields

ak?Q" — (ax? + w)0 + PO = 0, (10)
yk*P" + yP +aF(Q% = 0, (1)

— kuQ —2akkQ =0, (12)

u = —2ak, (13)

where u represents the speed of the soliton.
In the next subsections, nematicons shall be investigated in the presence of Kerr and para-
bolic law nonlinearity for the functional F.

3.1 Kerr law nonlinearity

The Kerr law nonlinearity arises when F(g) = ¢. In this case, (6) simplifies to

P9+ 19 +allgl’) = 0, (14)
and (11) reduces to
yk*P" 4+ yP 4+ aQ? = 0. (15)
Balancing Q" with PQ and P” with Q2 in Egs. (10) and (15) gives N = 2 and M = 2. Result-
antly, we get

(&) =y + a; exp (=9(&)) + @y exp (=2¢(8)), @, # 0, (16)

P(S) =py + P exp (—@(S)) + B, exp (=2¢(8)), p, # 0. (17)
Substituting Eqgs. (16), (17) and required derivatives of P(¢) and Q(&) in Egs. (10) and (15)
and equating the coefficients of each power of Q(£) to zero, we get a system of nonlinear
algebraic equations given by
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akz(ﬁ/ml + 20{2/42) - (w+ aKz)aO =0,

— W+ akHa; + ak®>(6Apay + 20, 1 + o)) + pagfy + pafy = 0,

- w4+ aKz)az + ak2(4/l2a2 + 3Aa; + 8ay ) + fayp, + fa, fy + Py fy = O,
ak’(10Aa, + 2a,) + fa, p, + fayf; = 0,

6ak*a, + fa,fy = 0,

Y (Aupy + 2P,u%) + x By + aaj = 0,

2B; + YK 6Py Ap + 2P, u + A*B)) + 2aaa; = 0,

2By + YK @GPy A7 + 3B A+ 8B, u) + aaga, + a7) = 0,

yk2(106,A + 2p)) + 2aa,a, = 0,

and

6yk2ﬂ2 +aa§ = 0.

Solving above system of equations, we have the following cases and accordingly different
forms of hyperbolic solutions.

Case 1
2 paa’® + 36ak>
= ——a(}(+y’( ), (x()ZiL l—x ’ alztxl’ a2:i6k2 ﬂ
; % e [Z ap
2 2
| apa’ + 36ak> y aa 6ak?
ﬁoz__lz—’ﬁlzi = b= - :
24 K2y o p
ap

Now, the exact traveling wave solutions of the system along with the condition 4> — 4y > 0
(where u # 0) are as follows:

1 ﬁaotl2 + 36ak’ y 2u
12051) “ulT L = |T® N
apk?, /j VA2 = 4y tanh(X5=E (k(x + 2axt) + C) + A
2
+ 6k? Ll 2p % pi(Kxtwi+0)
h ap 2 VP4 '
VA2 —4u tanh(T(k(x +2axt)+C))+ A
apa’ + 36ak’ y 2
91,0, 1) =— % ! 2 + ™ \/ﬁﬂ
Py VA = dptanh (Y2 kx4 2ax) + C) + A
2
B 6ak? 2u

X ei(—)(x+wt+9)

p mtanh(@(k@c +2ax1) + 0) + A
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For the constraint conditions A2 —4u > 0, 4 =0 and A # 0, another combined form of
hyperbolic solutions are obtained as

1 ﬂaaf + 36k y
G340, 0) = | —————

24 2 far
afk pr

A
o <cosh(/1(k(x + 2axt) + C)) + sinh(A(k(x + 2ax1) + C)) — | )

2
+ 6kt |2 A

- af \ cosh(A(k(x + 2axt) + C)) + sinh(A(k(x + 2akt) + C)) — 1

X ei(flcx+wt+6')

1 aﬂaf + 36ak’y

934(x,1) =— 7 K25y

ao A
ay (cosh(/l(k(x + 2axt) + C)) + sinh(A(k(x + 2axt) + C)) — 1 )
ap

_ 6ak? A ’
p cosh(A(k(x + 2akt) + C)) + sinh(A(k(x + 2axt) + C)) — 1

X ei(—Kx+1m+9)

Periodic solutions for the constrained conditions A% — 4y < 0, u # 0 emerged during the
calculations as follows:

1 | Baa? + 36ak? x 2u
qs’()(x, H=+— +a ViE
Vau— A2 tan(%(k(x +2axt)+ C)) + A

24 2 far
afk o
2

+ 6k21 /a—; \/72” X giKEHTIH0),
a — 0 4u—A2
Véu — A% tanh(“——(k(x + 2ax1) + C)) + 4

9. D 1 aﬂalz + 36ak’y . aaq, 2u
5610 =— >~ 5 + -
2 Ky S\ /i = 72 tan (L ((x + 2ax) + €)) + 4
2
_ 60‘_"2 2u 5 glKTHTHO)

P\ Van =7 tan(Y2Z (k(x + 2axt) + C)) + A
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The constrained conditions A2 —4u =0, 4 # 0 and A # 0 exist to hold the rational solu-
tions given by

1 paa? + 36ak® y A2((k(x + 2axt) + C)
Gr8(x, 1) =+ —— 1

2 apk? /% 2A((k(x + 2axt) + C) + 4

o [T P+ 200+ C) N o)
- ap \ 2A((k(x + 2axt) + C) + 4 ’
1 aﬁaf + 36ak?y L 9@ < A((k(x + 2axt) + C) >

24 Ky T fay \ 2A((k(x + 2ak1) + C) + 4
af

_6ak? [ AA((k(x + 2akt) + C) 2
B \2M(k(x + 2akt) + C) + 4

97505, 1) = —

i(—kx+wt+0)

Xe

Also, another form of rational solution is obtained for A2 — 4y = 0, y = 0, A = 0 as follows:

1 ﬂaoz]2 + 36ak’ y . 1 2
X N s "\ (k(x + 2ak1) + C)
af

2
+ 6k ay ; % l(—Kx+wi+0)
- ap \ (k(x + 2axt) + C) ’

Go10(x, 1) =+

1 aﬂaf + 36ak’y aaq, 1 2
199 10(x’ =—— +
’ 24 k2 By ay \ (k(x + 2axt) + C)
ap
2 2
_ bak 1 « pl-Kx+mt+0)
Vi (k(x + 2axt) + C) '
Case 2
2 aa® — 12ak?
= _—a(;(+y1<)’ oto=iL —ﬁ L I, @y = ap, ‘7‘2=J—“6k2 z
14 24 apk? /Z_; ap
1 —apa® + 12ak>y ao 6ak?
o= si— " B= =, f= -
24 k=py 72 B

af

In this case, the exact traveling wave solutions of the system for A2 — 4y > 0, u # 0 are as
follows:
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1 ﬂaalz - 12ak2)( 2u
511,2(x’ ==+ Byl — +a VA2—4y
apk? /j \//12—4ytanh(Tﬂ(k(x‘i'2‘7f’<’)"‘C))""1
2
) 6k2 ﬂ 2/4 % ei(—xx+1m+9)’
B\ /77 ap tanh( L (k(x + 2aict) + ©)) + 4
2
—afa? + 12ak?
191’2()5’ 1) :% lk2 ’4 + ao : 2/'{
By % VA2 —4pu tanh(@(k(x‘*'z“’d)"' O)+4
2
6ak? 2u i(—kx+wit+0)

- Xe

B N/ tanh(@(k(x +2akt) + C)) + A

For the constraint conditions A2 —4u > 0, =0 and A # 0, another combined form of
hyperbolic solutions is calculated as follows:

1 ﬁaa? — 12ak*y
24 aﬁkz\/?—;

A
% <cosh(,1(k(x + 2ak1) + C)) + sinh(Ak(x + 2axt) + O)) — 1 )

q3,4(-x’ t) =+

+ 6k ﬂ( 4 >2
- af \ cosh(A(k(x + 2axt) + C)) + sinh(A(k(x + 2axt) + C)) — 1

i(—xx+wt+6
Xet( KX+ )’

1 —aﬁaf + 12ak*y
T R

aa A
ay <cosh(/l(k(x + 2axt) + C)) + sinh(A(k(x + 2axt) + C)) — 1 >
ap

_ 6ak? A ?
p \ cosh(A(k(x + 2akt) + C)) + sinh(A(k(x + 2axt) + C)) — 1

X ei(—Kx+wt+9)
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For A2 —4u < 0,u #0, periodic solutions are given by

1 | Baa? —12ak* x y 2u
aq 1
24 apk* [ Vau - 22 tan(—W (k(x + 2axt) + C)) + A

2
+ 6k* L4 2u x KT
V 9P\ /= 72 tanh(LEE (k(x + 2ak) + €)) + 4

q5,6(x’ t) ==*

9. (.0) 1 —aﬂaf + 12ak%y aaq, 2u
56X, 1) =— 2 =+
M4 Ky E Van = 72 tan(PEE (k(x 4+ 2axn) + ©) + 2
2
_ 6ak? 2u « l—KxH@IH0)

PA\ani—z tan(—W(k(x +2ax0) + O) + A

Rational solutions for the constrained conditions 4> —4u =0, u # 0 and A # 0, are calcu-
lated as follows:

1 ﬁaaf — 12ak?y
G 0) =% —| ————— |+ 051<

24 2 [ar
afk pr

+ 6k2 ﬂ /12((k(x + Z(XKI) + C) ? X ei(—xx+wt+9)
N ap \ 2A((k(x + 2axt) + C) + 4 ,
9 (o) _1 —aﬁmz + 12ak? y L o P2((k(x + 2ax1) + C)
78D =27 k2 py T Jar \ 2A((k(x + 2axt) + C) + 4
af

_ 6ak? ( A((k(x + 2ax) + ©) )2 o —

A2((k(x 4 2axt) + C)
2M((k(x + 2akt) + C) + 4

B\ 2A((k(x + 2axt) + C) + 4

Again, another form of rational solution is obtained for A> —4u =0, =0, A =0 given
below.
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1 | Baa? — 12ak2 ¢ 1 ’
) =+ —
99,10(X, 1) 2 2 [ar 1 <(k(x + 2axt) + C))
afk py
2
o ay( 1 « pl—Kkx+mi+0)
+ ap \ (k(x + 2axt) + C) |
—apa? + 120k ?
19910()(’[) :L 1 X + axay 1
) 24 K2py ay \ (k(x + 2axt) + C)
ap
2
_ 6ak? 1 x gl—Kx+wi+0)
B\ (k(x +2ak1) + C) '

All these solutions are valid if aaxfy > 0.

3.2 Parabolic law nonlinearity

This type of nonlinearity occurs when F(s) = ¢,s + c,s>. In this case, (6) reduces to

¢l + 46 + a(cq|* + c,1q|*) = 0, (18)
and (11) simplifies to

ck*Q" + 20 + a(c, P> + ¢,P*) = 0. (19)
Balancing P” with PQ and Q" with P* in Egs. (10) and (19) gives N = 1 and M = 2. Thus,
we get

0(&) =ay + a; exp (—(&)), a; #0, (20)

P(&) =Py + B, exp (—@(&)) + B, exp (—2¢(§)), p, # 0. (21)

Substituting (20), (21) and required derivatives of P(£) and Q(¢) in Egs. (10) and (19) and
equating the coefficients of each power of Q(€) to zero, we obtain a system of nonlinear
algebraic equations given by

akzzlﬂal + fagfy —(w+ oucz)ao =0,

ak*Qayp + A*ay) + fagBy + fai fy — (W + axPa; = 0,

3ak? Aay + pagp, + fay fy = 0,

2ak*a; + paf, = 0,

ykz(/lﬂﬂl + 2,62M2) + xBy+ a(clag + czag) =0,

XBy + YK*(4A% By + 3B + 8B, u) + alc,a] + 6c,05a7) = 0,

ck2(10/1ﬁ2 +26) + 4acza0(xf =0,

and
6¢ck* +ac2af = 0.

Solving the above system of equations, we have following cases and accordingly different
forms of hyperbolic solutions.
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Case 1
. R2ay | xaciy %ﬂcz - cyay* = 3yac;p
a =0, a =k , By = —— 2 i
0 1 ape, ™ 16 carbx
2ak? 1 A9 \4/ Z;zy ey = 3cyax* = 16c,aK% yc + 3yac%ﬂ
ﬁ =0, ﬂ = - , W = — 2 .
1 ’ 5 16 =7

In this case, exact traveling wave solutions for A2 — 4y > 0, u # 0 are

12ay 2u i(—kxtw
412060 == k] o — X gl et mit),
2| /A2 —4pu tanh(T_”(k(x +2axt) + O) + A
—yacyy Z;Z Bcy, + cax? + 3yac?ﬁ
9,0, 1) =—
12 16 crBy
2
_ lekz 2” Xei(—xx+wt+9).

P\ V7 = du tanh (L x4+ 2kt + €)) + 4

For the constraint conditions A> —4u > 0, =0 and A # 0, another combined form of
hyperbolic solutions is obtained as follows:

[12ay p -
1) =k ‘= X i K«\+wt+0)’
34000 =K e, (cosh(/l(k(x + 2akt) + O)) + sinh(A(k(x + 2ax1) + C)) — 1 ) ¢

b —yac,y Z;Zﬁcz +ca % + 3yact
X, 1) =— =
34 16 1Yd')4
2
_ 2(1](2 A % ei(—Kx+wt+9).
p cosh(A(k(x + 2axt) + C)) + sinh(A(k(x + 2axt) + C)) — 1

Periodic solutions obtained for the constrained conditions A> — 4y < 0, u # 0 are given by

qs6(x, 1) = — kﬂ 12ay 2p x glKEHTI0)
ape: Vau - 2 tan(—”’;_’lz(k(x +2ak0) +C)) + A

—yac;{ Z%ﬂc2 +cyay* + 3yactp
2

s (x, 1) =—
56 16 Y4’V 4

— 2ak? 24 x o (CKxHmIH0)

P\ Van =22 tan( L2 (kx + 2axn) + €)) + 4
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The constrained conditions A2 —4u = 0, y # 0 and 4 # 0 exist to hold the rational solution

given by
Ray ( 22((k(x + 2axt) + C) o
b = —k 4 X i( KX+IUI+9)’
9750 1) \ ape, (2/1((k(x T 2axn+ O +4) 7€

ﬁc2 + CZ(X){ + 3yac p

—)(acl

TS crbx
2

_ Z(Zkz ,12((](()( + 20”([) + C) ? X ei(—l«x+wt+9)
B\ 2AM((k(x + 2ax1) + C) + 4 '

As before, another form of rational solution for A> —4u =0, u =0, A = 0 is obtained as

follows:
12 .
Go10(x, 1) = — k4 ar 1 X glrxFTiH0)
' afc, \ (k(x + 2axt) + C)
_Z“Cn/ ﬁc2+c2a;( +3yac’p
’9 (xy t) —_
. erbx
2
— 20{k2 1 X ei(—Kx+wt+9)
p \ (k(x +2axt) + C) )
Case 2
| Xaciy Z;Z ey = 3c,ay? — 16c,ax? yc + 3yacip [
Y= T6 , Oy = 0y, a4y = _
16 Y X 0 0 1 ape,
1 1 ., /12« , .
ﬁO = - E czyﬁk/ 8C2/¥ aﬂ aﬁa() + 3,%’61(/1 ﬁ ﬂ(’Z 3()2(11 — gyaclﬂ,
4aka 2ak?
ﬂl = - 0 , b = — (x_'

p

4] R2ay
b afc,y

In this case, exact traveling wave solutions for A2 —4u>0,u#0,are
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q12(x, 1) =0y — k4 12ay 2'“ x @IKAHTIHO)
\ ae, V22 = 4p tanh(Y=2 (k(x + 2ax1) + C)) + 4
91,01 = 48 . 7[”){ aﬂao +3yac {4 ﬂ02 3020:;( - 9yac p
4aka,
il R tanh(—”z“‘”(k(x +2axt) + O) + 4
afc,
2
_ 2ak2 2” i(—kx+wt+0)

Xe

p \/mtanh(@(k(x +2axt) + 0) + A

For the constraint conditions A2 —4u > 0, =0 and A # 0, another combined form of
hyperbolic solutions are obtained as follows:

12ay A i—
L) = ki —= x el Kx+u7t+9)’
Balel) =a+ \ ape, <cosh(,1(k(x ¥ 2axt) + C)) + sinh(Ak(x + 2ak) + C)) — 1 ) ¢

1 . 12a [
93 4(x, 1) = 48 oy 862,}’ ape, J/aﬂato +3yac 4 ﬁcz 30201;(2 —9yacfﬁ

4aka A
p 4/ 2ar \ cosh(A(k(x + 2ak7) + C)) + sinh(A(k(x + 2axr) + C)) - 1
apey

Zakz A : i(—xx+wt+0)
qquad — —— - X € .
p \ cosh(A(k(x + 2akt) + C)) + sinh(A(k(x + 2akt) + C)) — 1

Periodic solutions are determined for the constrained conditions A> —4u <0, # 0 as
follows:

2ay 2u
WP\ /=22 tan( V2L (k(x + 2axr) + ©) + 4

I56(x, 1) = 48 . Vﬂ)( ‘/ aﬁa +3yac,{

‘]5,6(X, 1) =ay—k ‘ % ei(—xx+wr+9),

ﬂc2 - 3c2a)( — 9yac p

N 4akay
ba 1;& /4/1_/lztan(@(k(x+2aKt)+C))+A
afc,
2
B 20!](2 2# x ei(—xx+wt+9).

P\ Van =72 (P (k(x + 2axt) + O)) + 4
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The constrained conditions 4> — 4y = 0, u # 0 and A # 0 exist to give the rational solution
given below:

[12ay { 22((k(x + 2axt) + C) i
1) = —k 4 % i( KX+117!+0)’
q73(%:1) = ag apc, <2/1((k(x +2akt) + C)+4 ¢

9;5(x,1) = 48 yﬁ)( ‘/ ﬂzaﬁa0+3)( clﬂ ﬁ2ﬁ02—302a)(

) daka, A2 ((k(x + 2axt) + C)
— 9yacip -
paf2ar 2AM((k(x + 2axt) + C) + 4
afc,
_ 20k [ A((k(x +2ax1) + C) ’ « pi(-Kxtwi+0)
B\ 2A((k(x + 2axt) + C) + 4 ’

Again, another form of rational solution is obtained for M—4u=0,y=0,A=0 as
follows:

12ay 1
b ' % i(— Kx+wl+v9)
qo.100%: 1) = &g — v <(k(x + 2axt) + C)) ‘

aﬁa +3yac

991006 1) = 48 ﬂcz 3c,ay?

yﬁx
4aka
pof2ar (k(x + 2al<t) +0)

afc,

_ 2(){](2 1 ? x ei(—;cx+wt+6’)
p (k(x + 2axt) + C) '

9yac p—

All the results presented in this subsection are valid if the condition ac,afy > 0 holds.

Remark The results retrieved in this paper are different from those presented in Simoni
(1997) and Kavitha et al. (2014).

4 Conclusion

Over the past two decades, the intense theoretical and experimental study of nematicons
has considerably improved the understanding of light localization in re-orientational non-
local media. Driven by this quest, this article produced hyperbolic, periodic and rational
solutions of nematicon equations with Kerr law and parabolic law nonlinearities. Some
combined solutions also emerged. This extraction of solutions is helped with the versatile
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Exp(—¢(&))-Expansion method. The symbolic computations are done on the MAPLE soft-
ware. The validity conditions are listed along with the solutions. The results produced here
are novel and form a great little addition to the existing literature.
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