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The article studies the extraction of electromagnetic wavetructures in a spin ladder
anti-ferromagnetic medium with a coupled generalized notinear Schrodinger model.
The direct algebraic technique is used to extract the wave dations. The solutions are
obtained in the form of dark, singular, kink, and dark-singlar under different constraint
conditions. Moreover, the dynamic behavior of the structues have depicted in 3D graphs
and their corresponding counterplots. The results are hefol for the understanding of
wave propagation study and are also vital for numerical andx@erimental veri cations in
the eld of electromagnetic wave theory.

Keywords: electromagnetic waves, coupled Schrodinger model , anti-ferromagnetic medium, integrability, direct

algebraic technique

1. INTRODUCTION

The theory of solitons is an attractive and exciting areaesfearch. It is interlinked with many
branches of mathematics and engineeriigd]. Its aspects are charming and amazing because
soliton travels with a steady speed and maintains its shaple wiopagating. It arises by balancing
dispersive and non-linear terms. Solitons are discussed eratit elds, and for references see
[106-19.

The magnetic moments of molecules and atoms, normally linte the spins of electrons,
adjusted in an ordinary pattern with neighboring spins spellr@verse directions. This is like
ferrimagnetism and ferromagnetism, a manifestation of ewal magnetism. Theoretical and
mathematical theories argue that the spin ladder system éxaallent medium through which the
interaction between di erent spins can be mapped to an approxintégesinberg-type coupling
with a coupling parameter that is inversely proportional to thistdnce between two separated
spins. The dynamics of electromagnetic solitons with thepted model in an anti-ferromagnetic
spin ladder medium is of great interest among researcherstduiés variety of applications.
The spin ladder systems are a great source with which to dev@tmi cant interest in both
experimental and theoretical points of view. Anti-ferromagmtest di erent ideas that involve a
strong correlated systent{9]. Spin ladders have many applications in di erent elds of quark
physics, superconductors, and ultra-cold atoms, etc. Thaystd anti-ferromagnetic is still in its
early stages. In anti-ferromagnets, the staggered mamietn variableM contributes the rst
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derivative in this manner, i.e.r (M). This is because, in the Step 2:tis supposed that the solution of above equation satis es
case of anti-ferromagnets, we have taken limits in speci edhe following ansatze:

intervals for two di erent sublattices individually. The pate
cuprate insulators are the best example of anti-ferromagnigts
isotropic and predominantly nearest-neighbor coupling. They

xo o _
U()DAC  A'lce 1,

satis ed the theory that gives an ordered ground state ®D( . 1po
%AF) by showing simple long range anti-ferromagnetic order at ''D C'?
low temperature [9-26].
In this article, a coupled generalized derivative nonWhere  is a parameter and its value is determined,

linear Schrodinger that describes the dynamical behavior d D' (), °D g—'.

electromagnetic waves in a spin ladder antiferromagnetic

medium system is considered and under investigation. Th&tep 3: The homogeneous balance technique is followed

Heisenberg model was studied in Chen et abj[and Xu et al. where the highest order derivative is balanced with nomdin

[16] and considered with an anisotropic spin ladder and twoterms, to nd the value ofn, and wheren 2 Z¢.

ferromagnetic lattices. This lattices consistMfspins and are

directed in the same direction? For more details see alsdh¢av Step 4: The use of the above equation and collecting the

et al. 6. The system isread as terms of the same order 6f together. Equate each term'ofto
zero, which produce the system of algebraic equations.

Gcici, Cgrg ,%c Cq g
@ o2 @ " @3 a " 7 Step 5: The solution of the system of algebraic equations
c @an @ Do along with the following wave structures are general sohgio
4 5— DO,
@ @ @ If <0

1.1

. , "D p_tanh(p_ ), or' D IO_coth(p_ ),
whereq; for j D 1,2, andn D 3 |, are the wave pro les,

and forkD 1,2, 5, representthe real coe cients and are it depends on condition.
iCg ija 3 iip ijc 8 .

denedblengo,zDS—,ng—,4D5 and (i) If > 0

iA O L eni ; ;
_ 5.D g Wherej, |s.ferroma.gnfat|$: spin exchange |nterac_t|on, "D p _tan(p =), or'D p _cot(p =),
jb is antiferromagnetic couplingjc is the exchange coupling,
and A represents the single-ion uniaxial anisotropy. The lastit depends on condition.
equation is reduced to generalized coupled derivative no@ai (i) If DO
Schrodinger system by considering D 0,formD 2, ,5.1In
the following section, the considered model is analyzed. "D 71

2. THE MODIFIED DIRECT ALGEBRAIC In the following section, the exact wave structures of Equmti
METHOD (1.1) can be obtained.

The section studies, MDAM Z7 to investigate the
wave structures of NLPDs. Thus, we consider NLPDs ir?" ANALYTICAL ANALYSIS

following form: We consider the complex transformatiaj(x,t) D Uj( ) € ,

where DB(x t)and D kxCwtC .Itreduces the partial
di erential equation to an ordinary di erential equation. Adér

whereqis a pro le of wave structure anH is called a polynomial some mathgmatical work, the following real part of Equation
of gand its partial derivatives along with non-linear terms. (1.1)is obtained.

To extract wave structures, the method is followed by usin ) 20,90 20 3 0 3,000
) y using lUjCB; K°U;Ck 1UPC3 ;BKU; B 5y,
the steps as discussed under.

H o, dx, Gx, Oxxs D 0,

CB Uy B U 3BK U CB® Uy  sBUDO. (3.2)
Step 1:First, the NPDEs is converted into non-linear ODEs

using the following transformation. ) ) ) ) ) N
The imaginary part equation gives the constraint condition

qix,t) DU( ), and D B(x wt), r
D2kD 2

3C 5
whereBandw are arbitrary parameters. It allows us to reduce the 5
above equation in an ODE &f and have the form

for 2( 3C 5) > 0. To nd the solution of Equation (1.1), let

Qu,u’u”u™ Hypo. us consider thaJ( ) D agC [B(&Z' C bz ') form of the
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solution (see alsdf]), wherez’D  CZ2,a%,b%, and arethe For > 0, one may have the following periodic solutions.
real parameters. The parameters are to be determined latsr. It S

also noted thaZ D Z( ), and so doeg°D 9. _ 2B > (p_ ;

. ) ) g;DgDi —————=—cot( r) €,

To investigate the electromagnetic waves of the system, we 1( 3C 5)
nd the solution of Equation (3.2) by nding the homogenous
balancem D 1 between the non-linear term and highest orderand
derivatives present in this equation. We have the followirigera 5 B,
S . ) 9 _ _
of U after substituting the homogenous balance: G,DwuD i mtan(p r) €.
UDaCaZChZ 1, (3.3) . - .
For D 0, one may have the following periodic solutions

where ag,a; and by are real parameters. To calculate real s
parameters, we pud and required derivatives in Equation (3.2).  DaD i 2B » d
Atfter simpli cation and by equating the coe cients of same Gjs L U5 ! 71( 2C 9 )

power of Z, the system of equations is obtained. To get the

values of parameters and the solutions against these di erenthere,

parameters, we solve this system by uditaple Thus, di erent |2 2 2
i i i : 2C 1( 3C 5)

cases along with solutions are discussed below. D

vt .
2 2
2 751

For case 1The values of parameters are The graphical representations and contour plots of the sohgio

S$ ——— for qp to g4 are shown inFigure 1 for dierent values of
aDO0, D0, byDr 2B 2 , parameters 1 D 1,r D 1.25BD 5,k D 0.1, D 0.01, D 0.2,
1( 3C s) andb D 0.5.

I 2C %(3C 5)?

BD
22 %

For case 2The values of the parameters are

s
and the corresponding dark and singular wave structures @n b, 5 4 p 2B 2 biD 0. BD i( 2C 5) 122
obtained for di erent values of . The constraint condition, for ' 1( 3C 5)’ ' 2 1

the existence of these solutions, is given by . . )
and the corresponding combined dark-singular wave strugsur

2p(b> C2 %)< 0. are constructed.

For < 0, the following type of exact solutions of Equation
For < 0, one may have the following wave structures of1.1) is written:

Equation (1.1) S
2rB - -
s gs D g D #tanhopr) e,
2B p- ; ¢ 1( 3C 5)
g, Do D ———% _coth i r €
1( 3C 5) _ .
The following two cases are obtained from the above
and solution and considered as the diagonal components of the
s spin ladder.
2rB - ;
G, D G D A—Lgfmmi% d . S5 )
1 3C s gs1D 772 tanh@ TB(x 1)
_ _ _ 1( 3C )
The following two cases are obtained from the above solgiuh c
considered as the diagonal components of the spin ladder. cos 3 > xcwtC
s s ¢
2B 2 P 2B » P-
0j,,1 D —————tanh i rB(x t) D ——— % _tanh( rB(x t
. 1( 3C ) do.1 1( 3C ) ¢ TB( )
C
cos (3725)XCWtC , sin & xCwtC
2
and
s
and we also have
2B - p-
i,1 D —————tanh i rB(x t
Gt 1( 3C ) ( ) s
C B2 p- i
sin (22 Sxcwc . g, DD ——=——=coth(' r) €.
5 1( 3C 5)
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FIGURE 1 | The 3D plots and contour plots of the real part of solutiorg (X, t) to q4(x, t) for different parameters.
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For > 0, one may have the following periodic solutions
S

. 2B - _ ;
i D Di —————tan( r é s
QJg Os 1( 3 C 5) (p )

and
S

2B .
QoD ageD i 7cot(pr ) €.
1( 3C 5)
D 0, one may have the following periodic solutions
s
i 2B »
1( 3C )

For
Gizo D qioD é B

where,
1 2
D ——(3C 5) 1aj(x wvt).
2,
The pattern of the solutions fogs to gg are shown inFigure 2
for the values of parameterg D 0.007, » D 0.98, 3 D 0.01,
rD0.76BD 0.98kD 0.98, D 0.01, D 0.2,ancb D 1.5.

For case 3The values of parameters are

r S
2 2B »
Dby -, DO, bDr ————,
e & ! 1( 3C )
(3C 5 102
BD —————=
2I’22

For > 0, one may have the following periodic solutions

s— s__
202 2B » .
. DoqzsD =2 Ci cot( r d
Qi3 D 013 r l( 3C 5) (p )
and
S— s___
2b? 2B _ .
G, DouD =2 72tan(pr )y €.
1( 3C 5)
For D 0, one may have the following periodic solutions
S — s
202 2B ,
i sDqusD 2 ir —— S ,
Ojzs D Q15 (3C 9
where,
(3C 5) 102
D —————= t
2r2 (v
2Br? 5(3C b C
b rsz((3 5)11 (2 Sy
by re2 2

The pattern of the solutions faij; 1 to q14 are shown inFigure 3
for the values of parameterg D 2,r D 1.5,BD 3.9,k D 0.98,
D 0.01, D 0.2,ando D 0.25.

For case 4The values of parameters are
s

2B
aDO0, D0, byDr 2

bf( 3C 5) 1
1( 3C 1)’

BD
2 or2

. . and the corresponding dark and singular wave structures can
and the corresponding dark and singular wave structures calls obtained.

be obtained. . . .
For < 0, the following forms of the exact solutions to For < 0, the following exact solutions to Equation (1.1)
: . are obtained.
Equation (1.1) are obtained. S
S— s 2B » i
202 2rB _ . Oy D 016 D 7coth( r) €
g, DouD[ =2 _e cothﬂp ry)y €, * 1( 3C 5)
1( 3C 5)
and
and s
S___ s .
Gy; D a17 D _ tanh( ry €.
202 2rB p_ . c
GoDaD[ 2 —T22 qanng r) €. 1(3C 5)
r 1( 3C 5)

The following two cases are obtained from the above solutiwh a

The following two cases are obtained from the above solutiwh ~ are considered the diagonal components of the spin ladder.

considered as the diagonal components of the spin ladder. S
2rB - p-
S5 S Q71D — =2 _tanh@ TB(X 1))
202 2B » p_ 1( 3C 5)
J12,1 D — 7(: tanh(i rB(X t))
1(3C 5) cos (u)xc wt C
C
cos ( 3 5)watC ST
s s o @D ——2 ann" B 1)
202 2B » p_ 1( 3C 5)
Q221D =2 ———=—tanh( rB(x t)) ,
1(3C 5) sin ( ®)xCwtC
sin - (=—2)xCwtC

For > 0, one may have the following periodic solutions
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FIGURE 3 | The 3D plots and contour plots of the real part of solutiorgi1 (X, t) to q14(X, t) for different parameters.
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S

. 2B - — ;
.. D Di ————cot( r é s
Gjqs D 18 (3C o (p )

and
s
. 2rB _ .
Ojo D Q19D i 72tan(pr) d .
1( 3C )
For D 0, one may have the following periodic solutions
S
. 2B, ;
iy D oD iIr ——— &,
G0 P 0 (3C 9
where
b2( 3C
p Pi(sC 81

2 or2

The pattern of the solutions fay s to 19 are shown inFigure 4
for the values of parameterss D 0.002,r D 0.5,B D 0.9,
kD 0.98, D 0.01, D 0.2,ancb D 0.25.

For case 5The values of parameters are
s
2B >
aDO0, byDr ———,
' 1( 3C 5)
I 2C(3C s5)? 2 2Br
aD 2 (3C 5) 281
311 2( 3C )
80 2C(3C 5)% Baby 1 2( 3C 5)

2
r 5

and the corresponding dark and singular wave structures

are obtained.
For < 0, one can obtain the following exact solutions to
Equation (1.1).

5C(3C 5?2 23Brp_ P
. D D 2 2= i rtanh( r
Gz 221 [ 3b; 1 2( 3C 5) ¢
2Br » p- )
————=% _coth( r d .
1( 3C ) ¢

The following two cases are obtained from the abov
solution and considered as the diagonal components of th
spin ladder.

2 2 2 ZB _ B
O21,1 D[ 26(=C 9 2 riprtanhGprB(x t)
S 3b1 1 2( 3C 5)
B2 o o)cos( (25 %)
1( 3C 5) 2
cwiC )
2 2 2
w10 —2o(3C 97 2B hPiex 1)
s 3b1 1 2( 3C 5)
B2 omiPrex o)sin( (2S5)x
1( 3C 5) 2
cwic ),

e

and
I 2C(3C 52 23Brp- p_
i, D D 2 27 " rcothf' r
Gzz 222 [ 3 1 2( 3C 5) ¢r)
2Br » p_ ;
— % _tanh( r d .
1( 3C 5) ¢l

For > 0, one may have the following periodic solutions

2C(3C s5)?
3b1 1 2( 3C 5)

2 §BrpF

I _
Gj2s D 3D [ tan(pr )
S

2Br - _ :
C ————cot(r €
1( 3C ) (p 2
I 2C(3C 52 2 2Brp- _
s D 024D 2 2= "Yeot( r
s 224 : 3b1 1 2( 3C ) (p )
2Br » _ ;
————tan( r €
1( 3C ) (p 2
For D 0, one may have the following periodic solutions
2C(3C 5?2 22Br,1
D > D 2 2 -
Gios qz [ 31 1 2 3C 9) (=)
2B » ;
r ——=—1 €
1( 3C 5)]
where

2C(3C 5)? 3Baby 1 2( 3C 5) «

I
.
2

vt .

These are the new solitons and periodic wave structures.

4. CONCLUSIONS

The article gives single and combined electromagnetic
wave structures for the coupled non-linear Schrodinger
equations along with the coe cients of ferromagnetic spin
exchange interaction, antiferromagnetic coupling, exd®n
8oupling, and single-ion uniaxial anisotropy. The model
under investigation describes the dynamic behavior of
electromagnetic waves in a spin ladder antiferromagnetic
medium. First the complex transformation is used and then
modi ed extended direct algebraic method is utilized to
nd dark, singular, and dark-singular wave structures. Som
other solutions (singular periodic) are also fall out during
the analytical analysis. The constraint conditions for the
existence of wave structures for di erent parameters are also
observed. Moreover, the 3D plots and corresponding contour
plots of the real part of solutions are drawn by choosing
suitable parameters.

It is also observed that the method used is e ective,
powerful, reliable, and much more practical in obtaining the
exact wave structures for non-linear phenomena that arise
in elds like telecommunication engineering, mathematical
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FIGURE 4 | The 3D plots and contourplots of the real part of solutioris(X, t) to qi9(x, t), for different parameters.
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