
JOURNAL OF OPTOELECTRONICS AND ADVANCED MATERIALS                                               Vol. 20, No. 5 - 6, May – June 2018, p. 271 - 278 

 

Optical solitons with quadratic nonlinearity by extended 

trial equation method 
 
MEHMET EKICI

a
, MOHAMMAD MIRZAZADEH

b
, ABDULLAH SONMEZOGLU

a
, MALIK ZAKA ULLAH

c
, 

QIN ZHOU
d
, MIR ASMA

e
, SEITHUTI P. MOSHOKOA

f
, ANJAN BISWAS

f,g
, MILIVOJ BELIC

h 

a
Department of Mathematics, Faculty of Science and Arts, Bozok University, 66100 Yozgat, Turkey 

b
Department of Engineering Sciences, Faculty of Technology and Engineering, East of Guilan, University of Guilan, 

P.C. 44891-63157, Rudsar-Vajargah, Iran  
c
Operator Theory and Applications Research Group, Department of Mathematics, Faculty of Science, King Abdulaziz    

University, PO Box 80203, Jeddah-21589, Saudi Arabia 
d
School of Electronics and Information Engineering, Wuhan Donghu University, Wuhan, 430212, PR China  

e
Institute of Mathematical Sciences, Faculty of Science, University of Malaya, 50601 Kuala Lumpur, Malaysia  

f
Department of Mathematics and Statistics, Tshwane University of Technology, Pretoria -0008, South Africa 
g
Department of Mathematics and Statistics, College of Science, Al–Imam Mohammad Ibn Saud Islamic University,  

Riyadh–13318, Saudi Arabia 
h
Science Program, Texas A&M University at Qatar, PO Box 23874, Doha, Qatar 
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1. Introduction 

 

Optical solitons is a very important and thrilling 

area of research in the field of nonlinear optics  [1-31]. 

The non-linear effect in a quadratic media is the second 

harmonic generation (SHG). A pump wave at the 

fundamental harmonic (FH) generates a second 

harmonic (SH) with double frequency. This SHG 

phenomenon is recoverable from Maxwell’s  equation 

with quadratic non-linearity. The solitons in quadratic 

nonlinear media are studied in optical switching, optical 

routing, lasers with quadratic non-linear crystal, and 

others [1, 4].  

 

1.1. Governing equation 

 

For quadratic nonlinear media, with inter-modal 

dispersion (IMD) and spatio-temporal dispersion (STD) 

is given by [1]  

 

  

                                                                       (1) 

 

                                                                       (2) 

 

Here,  and  represents the wave 

profile of the FH and SH components respectively. The 

independent variables are  and  that are spatial and 

temporal variables. The coefficients of group velocity 

dispersion (GVD) terms are  with  for the two 

components. Then, the coefficients of STD are . The 

coefficients of the quadratic nonlinear terms are  while the 

IMD terms are on the right hand sides of the two 

components and are given by the coefficients of . It was 

pointed out during 2011 that the inclusion of the STD makes 

the governing NLSE well-posed as opposed to the 

consideration of GVD alone, in which case, the model 

problem remains ill-posed [2, 3]. The first term for both 

components represents linear evolution. 

During the past few years a lot of research was 

conducted on quadratic nonlinear media and therefore many 

results were reported during the past couple of decades [4–

19]. Very recently, exact bright and singular 1-soliton 

solution was obtained for quadratic nonlinear media in 

presence of GVD only and also without IMD [4]. This paper 

is thus extension and generalization of those previously 

reported results. Extended trial equation method [20–24] 

will be the integration tool employed in this paper. Bright, 

dark and singular solitons will be obtained along with 

necessary constraint conditions that guarantees the existence 

of solitons and other form of waves. 

 
1.2. Mathematical analysis  

 

In order to integrate Eqs. (1) and (2), introduce the 

hypothesis [4, 25–27]  



272                            Mehmet Ekici, Mohammad Mirzazadeh, Abdullah Sonmezoglu, Malik Zaka Ullah, Qin Zhou, Mir Asma, … 
 

          (3) 

  

 

         (4) 

 

where  for  represents the amplitude 

component of the soliton and , 

while  gives the phase with  

 

                 (5) 

 

Here, the constant coefficients of , , , , and  are, 

respectively, inverse wave width, wave velocity, wave 

frequency, wave number, and phase constant. 

Substituting (3), (4) and (5) into (1) and (2) and 

decomposing into real and imaginary parts gives  

 

 2

1 1 1 1 1

2

1 1 1 1 1 2( ) 0,

a b c P

b v a B P k PP

    



    

  
         (6) 

 and  

                         (7) 

 respectively, from the first component. From the second 

component, one obtains  

 

 2

2 2 2 2 2

2 2

2 2 2 2 1

2 4 4 2

( ) 0,
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    (8) 

 and  

                      (9) 

 

Equating the speed of the solitons of the two 

components from (7) and (9) gives  

 
2

1 2 2 1 1 2 2 1

1 2 1 2 2 1

4 ( ) {2
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  (10) 

 

Setting the coefficients of independent parameters 

 and  yields  

                              (11) 

                              (12) 

                               (13) 

 

Therefore, one can naturally define  

 

                   (14) 

                   (15) 

                         (16) 

 

Consequently, speed of the solitons for both 

components simplify to  

 

                                (17) 

 

Also, real part components modify to  
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          (18) 

 and  
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       (19) 

 

respectively. Additionally, the governing model equations 

(1) and (2) simplify to  

 

  (20) 

  

 

    (21) 

 

 These equations will now be analytically solved for 

bright, dark and singular soliton in the following section. 

 

 

2. Extended trial equation method 
 

This section will apply the extended trial equation 

method to handle Eqs. (20) and (21). For solutions to (18) 

and (19), the following assumptions for the soliton structure 

is made  

 

                            (22) 

  

                           (23) 

 

 where  

 

     (24) 

 

Using the relations (22)-(24), one can derive the 

terms
''

1P  and 
''

2P  as below:  
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(25) 

 

and  
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(26) 

 

 where  and  are polynomials of . One 

can reduce Eq. (24) to the elementary integral form  

      (27) 

 Using the balance principle, One determines a relation 

of ,  and  as  

                    (28) 

 

Case-1: When ,  and  in Eq. 

(28), we gain  

 

                       (29) 

  

                        (30) 

and  

 

               (31) 

  

               (32) 

 

where  and  Substituting Eqs. (29)-(32) 

into (18) and (19), and solving the resulting system of 

algebraic equations one recovers  
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  (33)  

Substituting these results into Eqs. (24) and (27), we 

obtain  

                (34) 

where  

 

  (35) 

 

Integrating (34), one obtains the traveling wave 

solutions to Eqs. (20) and (21) as the following: 

When , plane wave solutions are:  
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                                                                                  (36) 
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                                                               (37) 

 

When  and , one 

recovers dark solitons:  
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(38) 
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                                                              (39) 

 

When  and , 

singular solitons are recovered:  
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 When  and 

, Jacobi elliptic function solutions are:  
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                                                       (43) 

 

Note that   are the roots of the 

polynomial equation  

                               (44) 

 

When ,  and , 

solutions (36) - (41) are reduced to plane wave solutions  
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bright 1-soliton solutions are:  
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and singular 1-soliton solutions  
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where  

1 1 1 2 1 2 1 3 1 1 2

~ ~ ~

1 1 1 1 2 1 1 12 2

1 2
1

1

3

2 , ( ), ( ),

2 , ( ), ( ),

.
2

A W A A

A W A A

B
B

W

      

      

 

    

    




(51) 

 

Here, ,  and ,  are respectively the 

amplitudes of 1-solitons and singular solitons, while  

is the inverse width of the solitons. So, the solitons exist 

for  and . Furthermore, when 

,  and , the 

solutions  (42) and (43) are simplified as  
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where  
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Remark-1: When the modulus , dark soliton 

solutions emerge:  
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  (56) 

 

where . 

Case-2: When ,  and  in Eq. (28), 

one obtains  

                   (57) 

  

                 (58) 

and  
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where  and  Substituting Eqs. (57) - (60) 

into (18) and (19), and solving the resulting system of 

algebraic equations, one recovers the following results:  
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Substituting these results into Eqs. (24) and (27), we 

have  

                 (62) 

where  

                                                                                           

(63) 

 

Integrating (62) and taking , we obtain the 

traveling wave solutions to Eqs. (20) and (21) in the 

forms:  
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When  and ,  
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Note that   are the roots of the 

polynomial equation  
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3. Conclusions 

 

This paper obtained solitons and other relevant 

solutions to quadratic nonlinear media. The integration 

algorithm is extended trial equation approach. Bright, 

dark and singular soliton solutions are recovered. In 

addition, plane waves and snoidal wave solutions are 

also presented in this paper. These additional results are 

being reported for the first time in this paper. The results 

come with constraint conditions that guarantee the 

existence of these variety of waves. This principle will 

be further explored later to other areas of nonlinear 

optics such as couplers, birefringence, metamaterials, 

liquid crystals and others. The results of those research 

are awaited at this time. 
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