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Abstract

Rational solutions to the sixth equation of the NLS hierarchy are given.
We construct explicit expressions of these solutions for the first orders
depending on multi-parameters. Patterns of these solutions in the (x, t)
plane according the different values of the parameters are studied.
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1 Introduction

We consider the sixth equation of the NLS hierarchy of order 6 (NLS6) which
can be written as

ut + u7x + 14|u2|u5x + 42uuxu4x + 28uuxu4x + 14uuxu4x + 70|u|4u3x

+98|ux|
2u3x + 70uu2xu3x + 42uu2xu3x + 28u2

x
u3x + 28uu2xu3x + 280u|u|2uxu2x

+140|u|2uuxu2x + 140|u|2uuxu2x + 70uu2
2x + 112ux|u2x|

2 + 70u2u3
x
+ 280|u|2|ux|

2ux

+70u2|ux|
2ux + 140|u|6ux

(1)

with as usual the subscripts meaning partail derivatives and u the complex con-
jugate of u.
The NLS hierarchy includes different classical equations. The first one is the
NLS equation [1]; the second one is the mKdV equation [2]; the third one is the
LPD equation [3].

Many works has been done for these first three equations of the NLS hierar-
chy; for example, we can mention the following works, for the NLS equation [4],
the mKdV equation [5], the LPD equation [3, 6, 7]. However, very few studies
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have been carried out for the following orders of this hierarchy. Here we explic-
itly construct solutions of the order equation six of this hierarchy.
We construct explicitly rational solutions for the first orders and study the pat-
terns of the modulus of the solutions in the (x, t) plane.

2 Rational solutions of order 1 to the NLS6 equa-

tion

Theorem 2.1 The function v(x, t) defined by

v(x, t) =
−3 + 4 x2 − 1120 xt+ 78400 t2

1 + 4 x2 − 1120 xt+ 78400 t2
(2)

is a solution to the (NLS6) equation (1).

Proof: We have to replace the expression of the solution given by (2) and verify
that (1) is satisfied.

Figure 1. Solution of order 1 to (NLS6).

We get a smooth solution of the equation (1).

3 Rational solutions of order 2 of the NLS6 equa-

tion depending on 2 real parameters

Theorem 3.1 The function v(x, t) defined by

v(x, t) =
n(x, t)

d(x, t)
(3)
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with
n(x, t) = −(−64 x6+53760 tx5+2304 b1x

5 +144 x4− 34560 b1
2x4 +768 ia1x

4 −
18816000 t2x4 − 1612800 b1tx

4 − 768 a1
2x4 +430080 ta1

2x3 + 19353600 b1
2tx3 +

18432 b1a1
2x3 + 276480 b1

3x3 − 188160 tx3 − 430080 ia1tx
3 − 18432 ia1x

3b1 −
4992 b1x

3+3512320000 t3x3+451584000 b1t
2x3−368793600000 t4x2−165888 b1

2
a1

2x2+
6144 ia1

3x2+90316800 ia1t
2x2+4032000 b1tx

2−7741440 b1ta1
2x2+5760 a1

2x2+
58752 b1

2x2−4064256000 b1
2t2x2+7741440 ia1b1tx

2−90316800 t2a1
2x2+62092800 t2x2−

1244160 b1
4x2 +180 x2− 63221760000 b1t

3x2 − 3072 a1
4x2 − 116121600 b1

3tx2 −
1152 ia1x

2+165888 ia1b1
2x2−322560 ta1

2x+4425523200000 b1t
4x+1083801600 b1t

2a1
2x+

379330560000 b1
2t3x−835430400 b1t

2x+348364800 b1
4tx+16257024000 b1

3t2x+
46448640 b1

2ta1
2x−4608 ia1xb1−1083801600 ia1xb1t

2−7902720000 t3x+2985984 b1
5x−

28062720 b1
2tx+663552 b1

3a1
2x−50688 b1a1

2x−1720320 ia1
3tx+8429568000 t3a1

2x−
46448640 ia1xb1

2
t− 73728 ia1

3xb1 +36864 b1a1
4x− 663552 ia1xb1

3− 5616 b1x−
967680 ia1tx−290304 b1

3x+20652441600000 t5x+860160 ta1
4x−8429568000 ia1t

3x−
292320 tx−720 ia1+1536 ia1

3−50577408000 b1t
3a1

2−5160960 b1ta1
4+995328 ia1b1

4+
10321920 ia1

3b1t−645120 b1ta1
2−45+8386560 ia1b1t+350353920000 t4+63866880 b1

3t+
12288 ia1

5−92897280 b1
3ta1

2+295034880000 ia1t
4+96768 b1

2a1
2−67737600 t2a1

2+
51631104000 b1t

3+120422400 ia1
3t2−7761600 t2+947520 b1t+221184 ia1

3b1
2−

481890304000000 t6−3251404800 b1
2t2a1

2−13276569600000 b1
2t4+2777241600 b1

2t2−
24385536000 b1

4t2−758661120000 b1
3t3−995328 b1

4a1
2−110592 b1

2a1
4−123914649600000 b1t

5−
295034880000 t4a1

2−60211200 t2a1
4+69120 ia1b1

2+158054400 ia1t
2+92897280 ia1b1

3
t+

3251404800 ia1b1
2t2+50577408000 ia1b1t

3−418037760 b1
5t+8448 a1

4+518400 b1
4−

2985984 b1
6 − 4096 a1

6 + 1872 a1
2 + 18000 b1

2)e2 ia1

and
d(x, t) = 64 x6 − 2304 b1x

5 − 53760 tx5 + 34560 b1
2x4 + 1612800 b1tx

4 + 48 x4 +
18816000 t2x4+768 a1

2x4−430080 ta1
2x3+384 b1x

3−19353600 b1
2tx3−18432 b1a1

2x3−
3512320000 t3x3+80640 tx3−276480 b1

3x3−451584000 b1t
2x3−2096640 b1tx

2+
368793600000 t4x2−1152 a1

2x2+108 x2+165888 b1
2a1

2x2+7741440 b1ta1
2x2+

4064256000 b1
2
t2x2+116121600 b1

3
tx2+63221760000 b1t

3x2+90316800 t2a1
2x2−

39513600 t2x2+1244160 b1
4x2−17280 b1

2x2+3072 a1
4x2−1083801600 b1t

2a1
2x+

16450560 b1
2tx−967680 ta1

2x−110880 tx−379330560000 b1
2t3x+5795328000 t3x+

124416 b1
3x−348364800 b1

4tx−16257024000 b1
3t2x−4608 b1a1

2x−4425523200000 b1t
4x−

2448 b1x− 46448640 b1
2ta1

2x− 663552 b1
3a1

2x− 2985984 b1
5x− 36864 b1a1

4x−
860160 ta1

4x + 564480000 b1t
2x − 20652441600000 t5x − 8429568000 t3a1

2x +
5160960 b1ta1

4−40642560 b1
3t+69120 b1

2a1
2−1964390400 b1

2t2−38986752000 b1t
3+

58564800 t2+158054400 t2a1
2+8386560 b1ta1

2−276595200000 t4+13276569600000 b1
2t4+

418037760 b1
5
t+9+758661120000 b1

3
t3+995328 b1

4
a1

2+110592 b1
2
a1

4+24385536000 b1
4
t2+

295034880000 t4a1
2 + 60211200 t2a1

4 + 2116800 b1t + 123914649600000 b1t
5 +

481890304000000 t6+92897280 b1
3ta1

2+3251404800 b1
2t2a1

2+50577408000 b1t
3a1

2+
6912 a1

4 − 269568 b1
4 + 2985984 b1

6 + 4096 a1
6 + 1584 a1

2 + 20016 b1
2

is a solution to the (NLS6) equation (1).

Proof: It is sufficient to replace the expression of the solution given by (3), and
check that the relation (1) is verified.
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Figure 2. Solution of order 2 to the equation (1); to the left a1 = 0, b1 = 0; in
the center a1 = 1, b1 = 0; to the right a1 = 3, b1 = 0.

Figure 3. Solution of order 2 to the equation (1); to the left a1 = 0, b1 = 1; in
the center a1 = 0, b1 = 4; to the right a1 = 0, b1 = 10.

4 Rational solutions of order 3 of the NLS6 equa-

tion

The solution depending on 4 real parameters being too long, we only present in
the appendix. Here we give the solution without parameters.

Theorem 4.1 The function v(x, t) defined by

v(x, t) =
n(x, t)

d(x, t)
(4)

with
n(x, t) = 4096 x12−6881280 tx11−18432 x10+5298585600 t2x10−2472673280000 t3x9+
60211200 tx9+778892083200000 t4x8−59609088000 t2x8−57600 x8−174471826636800000 t5x7−
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18063360 tx7+30346444800000 t3x7+28497065017344000000 t6x6+92665036800 t2x6−
172800 x6−9417513369600000 t4x6−3419647802081280000000 t7x5−218695680 tx5+
1915224824217600000 t5x5−61552705536000 t3x5+226800 x4−630637056000 t2x4+
299219182682112000000000 t8x4−262302530273280000000 t6x4+19127111270400000 t4x4−
1094688000 tx3−18618082477998080000000000 t9x3+24092973151027200000000 t7x3+
284118589440000 t3x3−3315956023296000000 t5x3−38170137600000000 t4x2+
781959464075919360000000000 t10x2+1052489894400 t2x2−1428091553710080000000000 t8x2+
113400 x2+330931419807744000000 t6x2−703080000 tx+49507173861949440000000000 t9x−
214611005952000 t3x+1379170050048000000 t5x−17856001875640320000000 t7x−
19904422721932492800000000000 t11x− 14175 + 30758094323712000000 t6

+ 232218265089212416000000000000 t12+ 404965962016358400000000 t8

− 764187658074193920000000000 t10− 632512540800 t2+63315462551040000 t4

and
d(x, t) = 4096 x12−6881280 tx11+6144 x10+5298585600 t2x10−2472673280000 t3x9+
25804800 tx9+778892083200000 t4x8−37933056000 t2x8+34560 x8−174471826636800000 t5x7−
121282560 tx7+22254059520000 t3x7+28497065017344000000 t6x6+143242444800 t2x6+
149760 x6−7434878976000000 t4x6−3419647802081280000000 t7x5−56125440 tx5+
1582142246092800000 t5x5−75714379776000 t3x5+54000 x4−188987904000 t2x4+
299219182682112000000000 t8x4−223442896158720000000 t6x4+21605404262400000 t4x4+
395539200 tx3−18618082477998080000000000 t9x3+20984202421862400000000 t7x3−
12770795520000 t3x3 − 3593524838400000000 t5x3 + 28265816678400000 t4x2 +
781959464075919360000000000 t10x2+121775270400 t2x2−1264881090428928000000000 t8x2+
48600 x2+350361236865024000000 t6x2−162388800 tx+44429515004313600000000000 t9x+
324417719808000 t3x−5029695627264000000 t5x−18633194557931520000000 t7x−
19904422721932492800000000000 t11x+ 2025 + 259682974580736000000 t6

+ 232218265089212416000000000000 t12+ 418566833956454400000000 t8

− 693100434067292160000000000 t10+ 432678153600 t2+ 2070646986240000 t4

is a solution to the (NLS6) equation (1).

Proof:We have to check that the relation (1) is verified when we replace the
expression of the solution given by (5).

In the following, we give the patterns of the modules of the solutions according
to different values of the parameters.
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Figure 4. Solution of order 3 to (1); to the left a1 = 0, b1 = 0, a2 = 0, b2 = 0;
in the center a1 = 1, b1 = 0, a2 = 0, b2 = 0; to the right a1 = 5, b1 = 0, a2 = 0,

b2 = 0.

Figure 5. Solution of order 3 to (1); to the left a1 = 0, b1 = 0, 1, a2 = 0,
b2 = 0; in the center a1 = 0, b1 = 1, a2 = 0, b2 = 0; to the right a1 = 0, b1 = 5,

a2 = 0, b2 = 0.

Figure 6. Solution of order 3 to (1); to the left a1 = 0, b1 = 0, a2 = 0, 5,
b2 = 0; in the center a1 = 0, b1 = 0, a2 = 1, b2 = 0; to the right a1 = 0, b1 = 5,

a2 = 3, b2 = 0.
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Figure 7. Solution of order 3 to (1); to the left a1 = 0, b1 = 0, a2 = 0,
b2 = 0, 5; in the center a1 = 0, b1 = 0, a2 = 0, b2 = 1; to the right a1 = 0,

b1 = 5, a2 = 0, b2 = 5.

5 Conclusion

Rational solutions to the (NLS6) equation have been constructed for the first
orders. In all these N-order solutions we get quotient of a polynomial of degree
N(N + 1) in x and t for the numerator by a polynomial of degree N(N + 1) in
x and t for the denominator.
Unlike other equations belonging to this NLS hierarchy, for example, the NLS
equation [37], the mKdV equation [59], or the Lakshmanan Porsezian Daniel
equation [62], we do not recover the structure of triangles with peaks which
appear in function of the different values of the parameters.
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Pöschl-Teller potentials, J. Math., V. 2013, ID 645752, 1-10, 2013

[18] P. Gaillard, Two-parameters determinant representation of seventh order
rogue waves solutions of the NLS equation, J. Theor. Appl. Phys., V. 7,
N. 45, 1-6, 2013

[19] P. Gaillard, Deformations of third order Peregrine breather solutions of
the NLS equation with four parameters, Phys. Rev. E, V. 88, 042903-1-9,
2013

8



[20] P. Gaillard, Two parameters deformations of ninth Peregrine breather
solution of the NLS equation and multi rogue waves, J. Math., V. 2013,
1-111, 2013

[21] P. Gaillard, Six-parameters deformations of fourth order Peregrine breather
solutions of the NLS equation, J. Math. Phys., V. 54, 073519-1-22, 2013

[22] P. Gaillard, The fifth order Peregrine breather and its eight-parameters
deformations solutions of the NLS equation, Commun. Theor. Phys., V.
61, 365-369, 2014

[23] P. Gaillard, Ten parameters deformations of the sixth order Peregrine
breather solutions of the NLS equation, Phys. Scripta, V. 89, 015004-1-7,
2014

[24] P. Gaillard, Higher order Peregrine breathers, their deformations and multi-
rogue waves, J. Of Phys. : Conf. Ser., V. 482, 012016-1-7, 2014

[25] P. Gaillard, M. Gastineau, Eighteen parameter deformations of the Pere-
grine breather of order ten solutions of the NLS equation, Int. J. Mod.
Phys. C, V. 26, N. 2, 1550016-1-14, 2014

[26] P. Gaillard, Two parameters wronskian representation of solutions of
nonlinear Schrödinger equation, eight Peregrine breather and multi-rogue
waves, J. Math. Phys., V. 5, 093506-1-12, 2014

[27] P. Gaillard, Hierarchy of solutions to the NLS equation and multi-rogue
waves, J. Phys. : Conf. Ser., V. 574, 012031-1-5, 2015

[28] P. Gaillard, Tenth Peregrine breather solution of the NLS, Ann. Phys.,
V. 355, 293-298, 2015

[29] P. Gaillard, M. Gastineau, The Peregrine breather of order nine and its
deformations with sixteen parameters solutions of the NLS equation Phys.
Lett. A, V. 379, 1309-1313, 2015

[30] P. Gaillard, Other 2N-2 parameters solutions to the NLS equation and
2N+1 highest amplitude of the modulus of the N-th order AP breather, J.
Phys. A: Math. Theor., V. 48, 145203-1-23, 2015

[31] P. Gaillard, Multi-parametric deformations of the Peregrine breather of
order N solutions to the NLS equation and multi-rogue waves, Adv. Res.,
V. 4, N. 5, 346-364, 2015

[32] P. Gaillard, Higher order Peregrine breathers solutions to the NLS equa-
tion, Jour. Phys. : Conf. Ser., V. 633, 012106-1-6, 2016

[33] P. Gaillard, M. Gastineau Patterns of deformations of Peregrine breather
of order 3 and 4, solutions to the NLS equation with multi-parameters,
Journal of Theoretical and Applied Physics, V. 10,1-7, 2016

9



[34] P. Gaillard, M. Gastineau Twenty parameters families of solutions to the
NLS equation and the eleventh Peregrine breather, Commun. Theor. Phys,
V. 65, N. 2, 136-144, 2016

[35] P. Gaillard, Rational solutions to the KPI equation and multi rogue waves,
Annals Of Physics, V. 367, 1-5, 2016

[36] P. Gaillard, M. Gastineau Twenty two parameters deformations of the
twelfth Peregrine breather solutions to the NLS equation, Adv. Res., V.
10, 83-89, 2016

[37] P. Gaillard, Towards a classification of the quasi rational solutions to the
NLS equation, Theor. And Math. Phys., V. 189, N. 1, 1440-1449, 2016

[38] P. Gaillard, Fredholm and Wronskian representations of solutions to the
KPI equation and multi-rogue waves, Jour. of Math. Phys., V. 57, 063505-
1-13, doi: 10.1063/1.4953383, 2016

[39] P. Gaillard, M. Gastineau Families of deformations of the thirteenth Pere-
grine breather solutions to the NLS equation depending on twenty four
parameters, Jour. Of Bas. And Appl. Res. Int., V. 21, N. 3, 130-139, 2017

[40] P. Gaillard, From Fredholm and Wronskian representations to rational
solutions to the KPI equation depending on 2N − 2 parameters, Int. Jour.
of Appl. Sci. And Math., V. 4, N. 3, 60-70, 2017

[41] P. Gaillard, Families of rational solutions of order 5 to the KPI equation
depending on 8 parameters, New Hor. in Math. Phys., V. 1, N. 1, 26-31,
2017

[42] P. Gaillard, 6-th order rational solutions to the KPI Equation depending
on 10 parameters, Jour. Of Bas. And Appl. Res. Int., V. 21, N. 2, 92-98,
2017

[43] P. Gaillard, N -Order rational solutions to the Johnson equation depending
on 2N − 2 parameters, Int. Jour. of Adv. Res. in Phys. Sci., V. 4, N. 9,
19-37, 2017

[44] P. Gaillard, Families of rational solutions to the KPI equation of order 7
depending on 12 parameters, Int. Jour. of Adv. Res. in Phys. Sci., V. 4,
N. 11, 24-30, 2017

[45] P. Gaillard, Rational solutions to the Johnson equation and rogue waves,
Int. Jour. of Inn. In Sci. and Math., V. 6, N. 1, 14-19, 2018

[46] P. Gaillard, Multiparametric families of solutions of the KPI equation, the
structure of their rational representations and multi-rogue waves, Theo.
And Mat. Phys., V. 196, N. 2, 1174-1199, 2018

10



[47] P. Gaillard, The Johnson equation, Fredholm and wronskian representa-
tions of solutions and the case of order three, Adv. In Math. Phys., V.
2018, 1-18, 2018

[48] P. Gaillard, Families of solutions of order 5 to the Johnson equation de-
pending on 8 parameters, NHIMP, V. 2, N. 4, 53-61, 2018

[49] P. Gaillard, Multiparametric families of solutions to the Johnson equation,
J. Phys. : Conf. Series, V. 1141, 012102-1-10, 2018

[50] P. Gaillard, Rational solutions to the Boussinesq equation, Fund. Jour.
Of Math. And Appl., V. 2, 109-112, 2019

[51] P. Gaillard, Differential relations for the solutions to the NLS equation and
their different representations, Comm. In Adv. Math. Sci., V. 2, N. 4, 1-4,
2019

[52] P. Gaillard, Multi-parametric families of solutions of order N to the Boussi-
nesq and KP equations and the degenerate rational case, UJMA, V. 3, N.
2, 44-52, 2020

[53] P. Gaillard, The mKdV equation and multi-parameters rational solutions,
Wave Motion, V. 100, 102667-1-9, 2021

[54] P. Gaillard, Degenerate Riemann theta functions, Fredholm and wronskian
representations of the solutions to the KdV equation and the degenerate
rational case, Jour. Of Geom. And Phys., V. 161, 104059-1-12, 2021

[55] P. Gaillard, 2N parameter solutions to the Burgers equation, Jour. Of
Appl. Nonlin. Dyn., V. 1, N. 1, 1-6, 2021

[56] P. Gaillard, Multi-Parametric rational Solutions to the KdV equation, Asi.
Jour. Of Res. and Rev. In Phys., V. 3, N. 3, 14-21, 2021

[57] P. Gaillard, Multiparametric solutions to the Gardner equation and the
degenerate rational case, Jour. Of Appl. Ana. And Appl., V. 11, N.4,
2102-2113, 2021

[58] P. Gaillard, Other families of rational solutions to the KPI equation, Asi.
Res. Jour Of Math., V. 17, N. 6, 27-34, 2021

[59] P. Gaillard, Rational solutions to the mKdV equation associated to par-
ticular polynomials, Wave Motion, V. 107, 102824-1-11, 2021

[60] P. Gaillard, Multiparametric rational solutions of order N to the KPI
equation and the explicit case of order 3, Arch. Of cur. Res. Int., V. 21,
N . 6, 58-71, 2021

[61] P. Gaillard, Rational solutions to the KPI equation from particular poly-
nomials, Wave Motion, V. 108, 102828-1-9, 2022

11



[62] P. Gaillard, Rogue Waves of the Lakshmanan Porsezian Daniel Equation
Depending on Multi-parameters, As. Jour. Of Adv. Res. And Rep., V 16,
N. 3, 32-40, 2022

[63] P. Gaillard, Quasi-rational and rational solutions to the defocusing NLS
equation, Jour. Of Math. Sci. And Mod. Res. And Rep., V 5, N. 1, 24-34,
2022

[64] P. Gaillard, Rational solutions to the KdV equation in terms of particular
polynomials, Jour. Of Nonlin. Mod. and Ana., V. 4, N. 4, 615-626, 2022

[65] P. Gaillard, Rational solutions to the Painlev II equation from particular
polynomials, Int. J. Of Appl. Nonlin. Sci., V. 3, N. 3, 189-196, 2022

[66] P. Gaillard, Multi-lump solutions to the KPI equation with a zero degree
of derivation, Jour. Of Theor. And Appl. Phys., V. 16, N. 4, 1-8, 2022

[67] P. Gaillard, Families of solutions to the KPI equation given by an extended
Darboux transformation, Part. Diff. Equ. And Appl., V. 3, N. 80, 1-14,
2022

[68] P. Gaillard, Rogue waves of the Hirota equation in terms of quasi-rational
solutions depending on multi-parameters, WSEAS Trans. On Math., DOI:
10.37394/23206.2023.22.24, V. 22, 190-203, 2023

[69] P. Gaillard, Different representations of the solutions to the cylindrical
nonlinear Schrödinger equation, Dis. Nonlin. And Compl., V. 12, N. 3,
539-553, 2023

[70] P. Gaillard, Rational solutions to the KdV equation from Riemann theta
functions, Jour. Of Theor. And Appl. Phys., V. 17, N. 3, 1-5, 2023

[71] P. Gaillard, On Hadamard’s coefficients for two dimensional Schrödinger
operators, Int. Jour. Of Theor. Phys., V. 62, N. 205, 1-16, 2023

[72] P. Gaillard, Rational solutions to the Burgers’ equation from particular
polynomials, WSEAS Trans. On Math, DOI: 10.37394/23206.2023.22.94,
867-873, 2023

[73] P. Gaillard, Rational solutions to the Gardner equation from particular
polynomials, WSEAS Equ., DOI: 10.37394/232021.2023.3.2, V. 3, 1-24,
2023

[74] P. Gaillard, Rational solutions to the KPI equation as multi-lumps
with a one degree of summation, Int. J. Appl. Comput. Math,
doi.org/10.1007/s40819-024-01694-9, 1-14, 2024

12



Appendix

Solution of order 3 to the (NLS6) equation depending on 4 real parameters :
The function v(x, t) defined by

v(x, t) =

(

1− 24
n(x, t)

d(x, t)

)

ei(2 a1−6 a2+20 t) (5)

with
n(x, t) = 675−86400 (8 b1−80 b2+560 t)(32 b2−448 t)+15 (1+(4 a1−24 a2)

2)(2 x−
12 b1+60 b2−280 t)8+(210−60 (4 a1−24 a2)

2+50 (4 a1−24 a2)
4+7680 (4 a1−

24 a2)a2)(2 x−12 b1+60 b2−280 t)6+(−720 (4 a1−24 a2)
2(8 b1−80 b2+560 t)−

5760 b1−11520 b2+564480 t)(2 x−12 b1+60 b2−280 t)5−172800 (4 a1−24 a2)
3a2+

(450 (4 a1 − 24 a2)
2 − 150 (4 a1 − 24 a2)

4 + 70 (4 a1 − 24 a2)
6 + 19200 (4 a1 −

24 a2)
3a2−450+5400 (8 b1−80 b2+560 t)2−460800 a2

2+57600 (4 a1−24 a2)a2)(2 x−
12 b1+60 b2−280 t)4+(−2400 (4 a1−24 a2)

4(8 b1−80 b2+560 t)+460800 (4 a1−
24 a2)(8 b1 − 80 b2 + 560 t)a2 + 57600 b1 − 806400 b2 + 7257600 t− 7200 (4 a1 −
24 a2)

2(16 b1−128 b2+672 t))(2 x−12 b1+60 b2−280 t)3+(6750 (4 a1−24 a2)
4+

420 (4 a1− 24 a2)
6 +45 (4 a1 − 24 a2)

8 − 2700 (4 a1− 24 a2)
2(5 + 4 (8 b1 − 80 b2+

560 t)2−3072 a2
2)−675−10800 (8 b1−80 b2+560 t)2−2764800 a2

2+691200 (4 a1−
24 a2)a2− 230400 (4 a1− 24 a2)

3a2)(2 x− 12 b1+60 b2− 280 t)2+(−1680 (4 a1−
24 a2)

6(8 b1 − 80 b2 + 560 t) − 460800 (4 a1 − 24 a2)
3(8 b1 − 80 b2 + 560 t)a2 −

10800 (4 a1−24 a2)
2(8 b1−272 b2+3248 t)+86400 b1−1209600 b2+10886400 t+

43200 (8 b1 − 80 b2 + 560 t)3 + 11059200 (8 b1 − 80 b2 + 560 t)a2
2 + 3600 (4 a1 −

24 a2)
4(8 b1 + 80 b2 − 1680 t)− 86400 (4 a1 − 24 a2)(16 (8 b1 − 80 b2 + 560 t)a2 +

16 a2(32 b2 − 448 t)))(2 x − 12 b1 + 60 b2 − 280 t) + 450 (4 a1 − 24 a2)
4(−17 +

28 (8 b1−80 b2+560 t)2+3072 a2
2)+10800 (4 a1−24 a2)(−16 a2+64 (8 b1−80 b2+

560 t)2a2+16384 a2
3)+675 (4 a1−24 a2)

2(−3+16 (8 b1−80 b2+560 t)2+4096 a2
2−

128 (8 b1−80 b2+560 t)(32 b2−448 t))+i(−345600 (8 b1−80 b2+560 t)2a2+(4 a1−
24 a2)(2 x− 12 b1 + 60 b2 − 280 t)10 + (−60 a1 + 840 a2 + 5 (4 a1 − 24 a2)

3)(2 x−
12 b1+60 b2−280 t)8+(−600 a1−240 a2−140 (4 a1−24 a2)

3+10 (4 a1−24 a2)
5+

3840 (4 a1− 24 a2)
2a2)(2 x− 12 b1+60 b2− 280 t)6+(−240 (4 a1− 24 a2)

3(8 b1−
80 b2 + 560 t)− 23040 (8 b1 − 80 b2 + 560 t)a2 + 720 (4 a1 − 24 a2)(8 b1 − 176 b2 +
1904 t))(2 x− 12 b1 + 60 b2 − 280 t)5 + 417600 (4 a1 − 24 a2)

4a2 + (−450 (4 a1 −
24 a2)

3−210 (4 a1−24 a2)
5+10 (4 a1−24 a2)

7+4800 (4 a1−24 a2)
4a2+450 (4 a1−

24 a2)(−3 + 12 (8 b1 − 80 b2 + 560 t)2 − 1024 a2
2) − 14400 a2 + 28800 (4 a1 −

24 a2)
2a2)(2 x−12 b1+60 b2−280 t)4+(−480 (4 a1−24 a2)

5(8 b1−80 b2+560 t)+
230400 (4 a1 − 24 a2)

2(8 b1 − 80 b2 + 560 t)a2 + 7200 (4 a1 − 24 a2)(8 b1 − 48 b2 +
112 t)−2400 (4 a1−24 a2)

3(16 b1−128 b2+672 t)−230400 (8 b1−80 b2+560 t)a2−
230400 a2(32 b2 − 448 t))(2 x − 12 b1 + 60 b2 − 280 t)3 + (1710 (4 a1 − 24 a2)

5 −
60 (4 a1 − 24 a2)

7 + 5 (4 a1 − 24 a2)
9 − 900 (4 a1 − 24 a2)

3(7 + 4 (8 b1 − 80 b2 +
560 t)2− 3072 a2

2)+ 675 (4 a1− 24 a2)(7+16 (8 b1− 80 b2+560 t)2+4096 a2
2)−

345600 a2 − 345600 (8 b1 − 80 b2 + 560 t)2a2 − 88473600 a2
3 − 115200 (4 a1 −

24 a2)
4a2)(2 x − 12 b1 + 60 b2 − 280 t)2 + (−240 (4 a1 − 24 a2)

7(8 b1 − 80 b2 +
560 t)−115200 (4 a1−24 a2)

4(8 b1−80 b2+560 t)a2+10800 (4 a1−24 a2)(24 b1−
400 b2 + 3920 t + 4 (8 b1 − 80 b2 + 560 t)3 + 1024 (8 b1 − 80 b2 + 560 t)a2

2) +
3600 (4 a1 − 24 a2)

3(24 b1 − 176 b2 + 784 t) + 720 (4 a1 − 24 a2)
5(56 b1 − 400 b2 +

1680 t)+345600 (8 b1− 80 b2+560 t)a2+691200 a2(32 b2− 448 t)− 43200 (4 a1−
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24 a2)
2(16 (8 b1 − 80 b2 + 560 t)a2 + 16 a2(32 b2 − 448 t)))(2 x − 12 b1 + 60 b2 −

280 t)+90 (4 a1−24 a2)
5(−107+28 (8 b1−80 b2+560 t)2+3072 a2

2)+5400 (4 a1−
24 a2)

2(176 a2+64 (8 b1−80 b2+560 t)2a2+16384 a2
3)−225 (4 a1−24 a2)

3(11+
80 (8 b1 − 80 b2 + 560 t)2 + 20480 a2

2 +128 (8 b1 − 80 b2 + 560 t)(32 b2− 448 t))−
675 (4 a1− 24 a2)(−7+ 56 (8 b1− 80 b2+560 t)2 +22528 a2

2 − 128 (8 b1− 80 b2+
560 t)(32 b2− 448 t)− 128 (32 b2− 448 t)2)− 1440 (4 a1− 24 a2)

8a2 − 9600 (4 a1−
24 a2)

6a2 − 2764800 (8 b1− 80 b2 + 560 t)a2(32 b2 − 448 t)− 870 (4 a1 − 24 a2)
7 +

25 (4 a1− 24 a2)
9 +(4 a1− 24 a2)

11 − 151200 a2+265420800 a2
3)− 11520 (4 a1−

24 a2)
7a2−195840 (4 a1−24 a2)

5a2+86400 (32 b2−448 t)2+(2 x−12 b1+60 b2−
280 t)10+27000 (8 b1−80 b2+560 t)2+2190 (4 a1−24 a2)

6+495 (4 a1−24 a2)
8+

11 (4 a1 − 24 a2)
10 + 23500800 a2

2

and
d(x, t) = 2024− 777600 (8 b1 − 80 b2 + 560 t)(32 b2 − 448 t) + 120 (8 b1 − 80 b2 +
560 t)(2 x − 12 b1 + 60 b2 − 280 t)9 + 1440 (32 b2 − 448 t)(2 x − 12 b1 + 60 b2 −
280 t)7 − 115200 (4 a1− 24 a2)

7a2 − 518400 (4 a1− 24 a2)
5a2 +265420800 (8 b1−

80 b2+560 t)2a2
2+(−120 (4 a1−24 a2)

2+5760 (4 a1−24 a2)a2+120)(2 x−12 b1+
60 b2−280 t)8+(480 (4 a1−24 a2)

2−240 (4 a1−24 a2)
4+15360 (4 a1−24 a2)

3a2+
2320+ 2160 (8 b1 − 80 b2 + 560 t)2 + 1290240 a2

2 − 92160 (4 a1 − 24 a2)a2)(2 x−
12 b1+60 b2−280 t)6+(−720 (4 a1−24 a2)

4(8 b1−80 b2+560 t)−276480 (4 a1−
24 a2)(8 b1−80 b2+560 t)a2+4320 (4 a1−24 a2)

2(8 b1−176 b2+1904 t)−51840 b1+
103680 b2 + 2177280 t)(2 x − 12 b1 + 60 b2 − 280 t)5 + (−1440 (4 a1 − 24 a2)

4 +
11520 (4 a1 − 24 a2)

5a2 + 240 (4 a1 − 24 a2)
2(56 + 135 (8 b1 − 80 b2 + 560 t)2 −

11520 a2
2)+518400 (4 a1−24 a2)a2+345600 (4 a1−24 a2)

3a2+3360+32400 (8 b1−
80 b2 + 560 t)2 − 13824000 a2

2 + 86400 (8 b1 − 80 b2 + 560 t)(32 b2 − 448 t))(2 x−
12 b1+60 b2−280 t)4+(−960 (4 a1−24 a2)

6(8 b1−80 b2+560 t)+921600 (4 a1−
24 a2)

3(8 b1 − 80 b2 + 560 t)a2 − 43200 (4 a1 − 24 a2)
2(24 b1 − 272 b2 + 2128 t)−

7200 (4 a1−24 a2)
4(48 b1−448 b2+2912 t)+345600 b1−5529600 b2+53222400 t−

86400 (8 b1− 80 b2 +560 t)3 − 22118400 (8 b1− 80 b2+560 t)a2
2 +172800 (4 a1−

24 a2)(16 (8 b1−80 b2+560 t)a2−16 a2(32 b2−448 t)))(2 x−12 b1+60 b2−280 t)3+
(13440 (4 a1− 24 a2)

6+240 (4 a1− 24 a2)
8− 240 (4 a1− 24 a2)

4(−326+45 (8 b1−
80 b2+560 t)2−34560 a2

2)+480 (4 a1−24 a2)
2(−76+135 (8 b1−80 b2+560 t)2+

311040 a2
2)−4147200 (4 a1−24 a2)

3a2−414720 (4 a1−24 a2)
5a2−64800 (4 a1−

24 a2)(−96 a2 + 64 (8 b1 − 80 b2 + 560 t)2a2 + 16384 a2
3) + 12144− 97200 (8 b1−

80 b2+560 t)2+8294400 a2
2+518400 (32 b2−448 t)2)(2 x−12 b1+60 b2−280 t)2+

(−360 (4 a1 − 24 a2)
8(8 b1 − 80 b2 + 560 t)− 276480 (4 a1 − 24 a2)

5(8 b1 − 80 b2 +
560 t)a2−1440 (4 a1−24 a2)

6(8 b1−240 b2+2800 t)+32400 (4 a1−24 a2)
4(8 b1+

112 b2− 2128 t)+64800 (4 a1− 24 a2)
2(−40 b1+752 b2− 7728 t+4 (8 b1− 80 b2+

560 t)3 + 1024 (8 b1− 80 b2 + 560 t)a2
2)− 777600 (4 a1− 24 a2)(16 (8 b1 − 80 b2 +

560 t)a2+32 a2(32 b2−448 t))−172800 (4 a1−24 a2)
3(48 (8 b1−80 b2+560 t)a2+

16 a2(32 b2−448 t))−648000 b1+8553600 b2−74390400 t+259200 (8 b1−80 b2+
560 t)3+331776000 (8 b1−80 b2+560 t)a2

2−1036800 (8 b1−80 b2+560 t)2(32 b2−
448 t) + 265420800 a2

2(32 b2 − 448 t))(2 x − 12 b1 + 60 b2 − 280 t) + 80 (4 a1 −
24 a2)

6(191+63 (8 b1−80 b2+560 t)2+6912 a2
2)+21600 (4 a1−24 a2)

3(−368 a2+
64 (8 b1 − 80 b2 + 560 t)2a2 + 16384 a2

3) + 240 (4 a1 − 24 a2)
4(599 + 135 (8 b1 −

80 b2+560 t)2−57600 a2
2−360 (8 b1−80 b2+560 t)(32 b2−448 t))−16200 (4 a1−

24 a2)(496 a2 + 1280 (8 b1 − 80 b2 + 560 t)2a2 + 65536 a2
3 + 2048 (8 b1 − 80 b2 +
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560 t)a2(32 b2− 448 t))+ 24 (4 a1 − 24 a2)
2(3881+ 12150 (8 b1− 80 b2 +560 t)2+

7257600 a2
2+21600 (8 b1−80 b2+560 t)(32 b2−448 t)+21600 (32 b2−448 t)2)−

1920 (4 a1− 24 a2)
9a2 +518400 (32 b2− 448 t)2 +356400 (8 b1− 80 b2 +560 t)2 +

518400 (8 b1− 80 b2 + 560 t)4 + 3720 (4 a1 − 24 a2)
8 + 120 (4 a1 − 24 a2)

10 + (1 +
(2 x−12 b1+60 b2−280 t)2+(4 a1−24 a2)

2)6+33973862400 a2
4+223948800 a2

2

is a solution to the (NLS6) equation (1).
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