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A generalized super-NLS-mKdV hierarchy is proposed related to Lie superalgebra B(0, 1); the resulting supersoliton hierarchy is
put into super bi-Hamiltonian form with the aid of supertrace identity. Then, the super-NLS-mKdV hierarchy with self-consistent
sources is set up. Finally, the infinitely many conservation laws of integrable super-NLS-mKdV hierarchy are presented.

1. Introduction

The superintegrable systems have aroused strong interest in
recent years; many experts and scholars do research on the
field and obtain lots of results [1, 2]. In [3], the supertrace
identity and the proof of its constant y are given by Ma et
al. As an application, super-Dirac hierarchy and super-AKNS
hierarchy and its super-Hamiltonian structures have been
furnished. Then, like the super-C-KdV hierarchy, the super-
Tu hierarchy, the multicomponent super-Yang hierarchy, and
so on were proposed [4-9]. In [10], the binary nonlineariza-
tion and Bargmann symmetry constraints of the super-Dirac
hierarchy were given.

Soliton equations with self-consistent sources have
important applications in soliton theory. They are often used
to describe interactions between different solitary waves, and
they can provide variety of dynamics of physical models;
some important results have been got by some scholars [11-
18]. Conservation laws play an important role in mathemati-
cal physics. Since Miura et al. discovery of conservation laws
for KdV equation in 1968 [19], lots of methods have been
presented to find them [20-23].

In this work, a generalized super-NLS-mKdV hierarchy is
constructed. Then, we present the super bi-Hamiltonian form
for the generalized super-NLS-mKdV hierarchy with the help
of the supertrace identity. In Section 3, we consider the
generalized super-NLS-mKdV hierarchy with self-consistent
sources based on the theory of self-consistent sources. Finally,

the conservation laws of the generalized super-NLS-mKdV
hierarchy are given.

2. The Generalized Superequation Hierarchy

Based on the Lie superalgebra B(0, 1)
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that is, along with the communicative operation

[ez>es] = [63>es] =€y

= [es>e1] = [63>e4] = €5,

2)

To set up the generalized super-NLS-mKdV hierarchy,
the spectral problem is given as follows:

¢x = Up,
3)
¢ =V,
with
Atw u +u, us
U= u-u -A-w u, |,
Uy -u; 0
(4)
A B+C o
V=| B-C -A p|,
P -0 0
where w = s((1/2)uf - (1/2)u§ + usu,) with € being an

arbitrary even constant, A is the spectral parameter, u; and
u, are even potentials, and u; and u, are odd potentials. Note
that spectral problem (3) with € = 0 is reduced to super-NLS-
mKdV hierarchy case [24].

- 1 _
~w+ 2u,0 'u, —Ea+2ula Yu,

1 -1 -1
L= —58 -2u,0 U, —w+2u,0 u,
~ty + 2u,0 ' uy  —uy + 20,0 'y

-1 -1
—uy, —2Uz0 U, Uy —2Uz0 Uy

Choosing the initial data
a, =1,
©))
by =¢=0p=py =0,
from the recursion relations in (6), we can obtain

a, =0,

b =u,,
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Setting
A= Z a, A",
m=0
B=Yb,A™",
m=0
C = Z Cm/\_m, (5)
m=0
o= Z g, A",
m=0
p= Pt
m=0
solving the equation V. = [U, V], we have
Ay = 2Uyb,, — 2U1C,, + U P, + U40,,,
b = 26,01 — 2uya,, — U30,, + Uyp,, + 2WC,,,
Cnx = 2bm+1 - 2Mlam — U30,, — UyPy, + 2u)bm’
Omx = Ome1 T WO, + (ul + uZ) Pm — U3y, — u4bm (6)

— UyCyy»
Pmx = “Pm+1 — WPy T U0y, — U0y — u3bm + UsGy
+ U,a,,,

and, from the above recursion relationship, we can get the
recursion operator L which meets the following:

bm+1 bm
- -
m+1 - L m om0, (7)
Pm+1 P
“Om+1 O
where the recursive operator L is given as follows:
1 . 1 .
—uys+u 0 u ——uU;—u 0 U
% 4t U0 Uy 12 3~ U 4
-1 -1
Jta = U0 U, JUs U0 uy )

-1 -1
—-0—w+u,0 Uy —u; +u, —u0 Uy

-1 -1
Uy +u, —uUs0 Uy O0—w+uz0 Uy

€ = Uy,
0y = Us,
pP1 = Uy,
1, 1,
a, = ——uj + —U5 — Usli
7] St T Sty T Usly
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G = Eulx - Wiy,
0y = Uy, — W5,
Pr = TUy — Wy,
1
as = 5 (ugtyy — Uy Uy, ) + Usthy,, + Uglly,

2 2
+w (ul - uz) + 2usuy,

1 , 1,
by = Zulxx - wauz + 5“1“2 - Eul + 5”3u3x
1 2
- Eu4u4x — Uy Usly — Wiy, + WUy,

1 , 1, 1
G = ZuZxx ) Uyt 5”2 - 5”2”1 + 5”3”3x

1 2
gy — tllslhy = Wik, + Wk,

1 5, 1 5, 1 1
O, =U + —UsU, — —UsU; + —UyU .+ —UU
3 3xx 232 231 241x 242x

2
+ Uy, + Uyl — WUz + W Uy — 2WHs,,

1 5, 1 5, 1 1
P3 = Ugyx + 5”4”2 - 5”4”1 + E“s”lx - E“a”zx

2
+ Uz, — Uy, + Wyl + W U, + 2WHy,.

Then we consider the auxiliary spectral problem

¢, =V,
with

a, b,+c, 0,
n
v = Z bp=Cn  —Gn  Pm |ATTHA,,

m=0
Pm O 0

Suppose

a b+c e
A,=| b-c -a f [,
f -e 0

substituting V™ into the zero curvature equation

u, -V +[uv?] =0,

(10)

(1)

(12)

(13)

(14)

3
where n > 0. Making use of (6), we have
w, =a,
b=c=e=f=0,
uy,, =b,, —2we, +2u,a, + U0, — uup, + b, — 2wc
+uze —u, f +2uya = 2¢,,, + 2u,a,
Uy = Gy — 2Wh, +2u1a + U30,, + Uyp, +C, + Uze
+u,f +2ua-2wb =2b,,, +2u,a,
(15)
Uzt = Opx — WO, — U1y — Uy T uza, + u4bn T UyGy
+e,—we—u f —u,f +uza+ub+uc
= Opyp T U4,
Ugt = Pux T wp, — U0, + U0, + u3bn — Us3C, — Uya,
—ua+ f, +wf —ue+ue+usb —uyc
= TPn+1 — Ugds
which guarantees that the following identity holds true:
Lo, 1,
—Uy — — U] + Uyl
2 2 t
" (16)
= 250,11 — 201Gy — PriaUs + UgOpyy = Gy
Choosing a = —ea,,,, we arrive at the following generalized
super-NLS-mKdV hierarchy:
U 26,41 — 2eUya,,,
Uy 2b,,y — 2eu,a,,,
utn = = > (].7)
Us Opi1 — EU3A, 4
g/ TPni1 T EULG,

where n > 0. The case of (17) with € = 0 is exactly the standard
supersoliton hierarchy [24].

When n = 1 in (17), the flow is trivial. Taking n = 2,
we can obtain second-order generalized super-NLS-mKdV
equations

_ 3 2
Uy, = EuZxx + Uy — Uplly + Usllg, + Uglly, — 2Uy U1y
2
+e€ (2u1u2u2x = 2u Uy, + Ug Uty — Us, Uyl
2
= 22Uz, — 2Uy sy, — 2UyUgUy, — 2UyU sy,
2
3 2 (1 o 15
+ 2u2u3u4) +2¢eu, (‘”1 - -u, + u3u4>
2 2
2 Lo 1, 22
+2¢u, (‘”1 - —uy + u3u4> (u2 - ul),
2 2
_ 1 3 2_,
Uy, = 2”1xx —Up U Uy — 2U Uz Uy UsUs, — Ul

2
+& (2u2u2x = 2Uq Uy Uy, — Uz, Uyl + Uy, Uzl



= 23Uyl — 2U Usy, — 2“1”4“3x)
oy (L1 ( 2 2)

e ( Suy = Sup +usuy | (U — 1

2¢? 1, 1, ? 2g? 2
267 Juy = Sy sy |y = 2e s (g

2
—u; ) uy,

1, 1 5, 1 1
Uz, = Usyy T 5”3”2 - 5”3”1 + 5“4“1;: + E“4“2x

1 1
T Ul T UUy, + E (5”3“1“2;( - 5“3“2”1;(
2 2
T U Uz, — Ul T U Uy Uy — Uy U

1 1 2
- 2u3u4u3x) +é <§uf - Eug + u3u4> Uy

1 1
2 2 2 2 2
—&u, (5”1 ~ 5% + u3u4> (”1 —uz),

1, 1 5, 1 1
Ugp, = ~Ugyx — 5”4“2 + 5”4”1 + E“s”zx - EMSqu

1
—Ujls, H Ul E (E”Mz“lx - Eu4“1”2x

2 2
— Ul Uyt UpUy Uy — Uyl + Uy Uy,

2(1 5 15 ?
—2u3u4u4x>—£ <Eu1—5u2+u3u4> Uy
1 1
~ e, (_uf Sl M) (1 =122).
2 2
(18)

From (3) and (11), one infers the following:

(2) (2) (2)
Vll V12 V13
(2) (2) (2)
P -vi? Vi | (19)

(2) (2)
V23 _V13 0

v _

with

@ 42 12 1,
Vil ="+ —u5 — —ul —usu
11 St T St T sl

1 1
- € <E”z”1x - E%”zx + Uyls, + “3“4x>

2(1 2 15 ?
-2 zul—zu2+u3u4 ,

1
Vl(zz) =(u; +uy) A+ 3 (uy +uy),

1,

15
—s<5u1 -2t +u3u4> (uy +u,),
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1 1
Vg) =ush +us, — € <5uf - Eug + u3u4> Us,

1
Vz(lz) = () —uy) A + 5 (u, - ul)x

1, 15,
+ s(zul -t u3u4) (uy —uy),
1 1
V2(32) =ud—uy, —¢ (Euf - Eug + u3u4> Uy.
(20)

In what follows, we shall set up super-Hamiltonian
structures for the generalized super-NLS-mKdV hierarchy.
Through calculations, we obtain

ou
— | = 2A,
Str (V 51 )
Str <a—UV> =2(B+euA),
ou,
Str <a—UV> =-2(C+eu,A), (21)
ou,

Str <S_TZV> =2(p+euA),

Str <§—ZV> =-2(0+euzA).

Substituting the above results into the supertrace identity
[3] and balancing the coefficients of A2 we obtain

b1 + €110,

S —C,.1 — €U0
—Jamzdx:(y—n—l) n+1 29+1 ’
ou Prs1 T EULA, (22)

TOpy1  EU3A,4

n=>0.
Thus, we have
a
Hn+1 = J_n_ﬂdx’
n+1
by + €Uy
8Hn+1 TCry1 ~ U (23)
Zlnrl ,
ou Prs1 T UG,
Ot — €Uz,
nz0
Moreover, it is easy to find that
b1 b1 + €18,
—C —C,.1 — &U,a
n+1 n+1 2%n+1
=R, , n=0, (24)
Pn+1 Pr1 T EU4G, 1
—Op11 041 — EU3A,,

where R, is given by
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1-2eu,0 'u, —2eu,0'y, 1,0 uy eu,0 'y,
R - 2eu,0 'u, 1+ 2eu,0 'uy  eu,0 'y —euy0 'uy,
1= _ _ - -
—2eu, 0 'u,  —2eu,0 'y 1-eu,0 'y eud 'y
2eu;0 'u, 2eu30 'u, eus0 'uy; 1 -euz0 'uy
Therefore, superintegrable hierarchy (17) possesses the ~ where
following form:
n+1 by + €U0,
u, =R, T | R.R, TCOy1 T EUp Uy
Prs1 Pny1 T EULG, (26)
041 041 — EU3Ap4
— ]8Hn+l >0
Su B 7
—4eu,0 ' uy, -2 - deuyd 'y —2eu,0 uy 2e1,0 'y,
| 2- 4eu; 07w,  —4eu, 07y, —2eu,0 ' u, 2eu,0 'u,
2 = _ _ _ _ >
—4eu;0 'u, —4eu;0 'y, —2eu;0 'uy  —1+ 2eu30 'uy
21,0 'u, 2eu,0 ', -1+ eud'u,  —eugd 'y,
and super-Hamiltonian operator ] is given by
—8eu,0 ', -2 - 8eu,d'uy  —4euy0 ug 4eu,0 'u,
T 2—8eu;0 'u,  —8eu; 0w, ~4eu;0 ' uy 4eu;0" 'y,
=RKR = _ _ _ -
—6eu,0 U, —6eu,0 U, “Beu;0 ' uy  —1+ 3eu0 'uy
4eu, 07w, 4eu0 'y —14 26,0 'uy —2eu,0 'y

In addition, generalized super-NLS-mKdV hierarchy (17)
also possesses the following super-Hamiltonian form:

b, b, + eu,a,
- —C, — €lya
u, =R,L =R,LR,| " "
" + euya,
pﬂ pn 4%n (29)
-0, ~0, — €l3a,,
O0H,
= , n=0,
ou
where M = R,LR; = (M;j)sy is the second super-

Hamiltonian operator.

3. Self-Consistent Sources

Consider the linear system

P1j P1j
P2j =U| ¢; |»
P3i/ . P35
P1j P1j
Qi | =V 9o
P3i / , Psj

From the result in [25], we set

ou;

1

Su;

1

SA. oU (u, A;
i _ %Str<wjg>, i=1,2,...,4

(25)

(27)

(28)

(30)

(31)



with Str on behalf of the supertrace, and

P1jP2j “P%j P1jP3j
¥ = ‘ng —$1%2j Paj93; |» J=12,...,N. (32)
P2jP3;i —P1jP3j 0

From system (30), we get A i /Su as follows:

Str<‘P-8—U>

T ouy

Str<\}’~8—U)

T 8u,

SU
Str <‘Zy]6—u3>

Str <‘P6—U> (33)

T ou,
2eu, <®1’®2> - <®1,(D1> + <q)2’q)2>
—2eu, (@), D) + (@), D) + (D,, D,)
2eu, <(D1, CD2> -2 <q)2) (D3>
2¢eu; <®l,®2> -2 <(D1’ q)3>

— Su

J

Mz

Dy

M=z

<.
Il
—

>

where ®; = (@15, o) "> i =1,2,3.
So, we obtain the self-consistent sources of generalized
super-NLS-mKdV hierarchy (17):

Uy
u2 6Hn+1 < 6/\]
U, = = ]6— + IZS_
Us i j=1 U;
Uy t,
bn+1 + EU G4

—C — EU,Ha,
_ ] n+1 2%n+1 (34)

pn+1 + Su4an+1
Oty — U3y,
2euy (@, @) — (D), D)) + (D, D)
~2eu, (D), D,) + (D, D) + (D,, D,)

+]
2euy (@), D,) —2(D,, D3)
2eu; (@), @,) - 2(D,, Dy)
For n = 2, we get supersoliton equation with self-

consistent sources as follows:
1 3 2 2
Uy, = zuZxx T Uy = Uyl + Uzl + Uyllyy — 2UyUslUy
+e(2 —2ulug, + -
E\aU Uply, — LU Uy, T+ Uy, Uzl — Uz Uyl
2
= 2usu Uy, — 2UyUstly, — 2UyUgUs, — 2UyU U5 Uy

1 1 ?
+ 2u2u3u4) + 2821/!2 (514? - Eui + u3u4>
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+ 282142 (luf - lué + u3u4> (ug - uf)
2 2
N N ,
+ 25”12‘/’1;‘/’2;’ - Z (§01j - ‘sz) >
=1 =1

B 3 2_,
Uat, = Shiex ~ U T Uy Uy — ZUyUsUy + Usly, — Ugly,

2
+¢& (2u2u2x = 22Uy Uy Uy, — U Uylly + Uy, UsUy
= 23Uyl — 2U Usly, — 2“1”4”3x)

2

1 1
2 2 2 2
-2y, (Eul - Euz + u3u4> (“1 - uz)

1 1 2
+2¢ (Euf - Eug + u3u4) U — 2£2u1u3 (uf

N N
- uﬁ) Uy — 25”22‘/’1;"/’2;’ + Z (9"%;’ + ‘ng) >
=1 =

I 5 1 5
Usp, = Uzyy T 5”3”2 - 5“3”1 + E”4“1x + E”4“2x

T U Uy, Uy T E (E“suluzx - 5”3”2“1x

2 2
T UylUs, — Ugjlz, + Uply U — Uy Uy, Us
2
) 2f1 5 1,
= 2usuyus, ) + € St~ St +usly | U

1 1
2 2 2 2 2
- &u, (Eul ~ 5 + u3u4> (“1 - uz)

N N
+ 28”42‘}’11'%]' - Z‘sz%p
=1 =1

1 5, 1 5, 1 1
Uar, = “Uaxx — SU4lh + 5 tath + 5 Usthax = Szl

1
— Uz, HUylUs, T E (5”4“2”1;: - E“4”1”2x

2 2
—UUy Uyt ULy Uy — Uy Uy + Uy Uy,

1 1 .
- 2u3u4u4x> — ¢ <5uf - Eui + u3u4> Uy

1 1
2 2 2 22
—&uy (Eul - zuz + u3u4> (”1 - uz)

N N
+ Zsuaz‘Plj‘sz - ZZ(Plj(P?)j’
=1 =1

Prjx = A+ w) oy + (uy + ”2)‘/’2;’ T U393,
Prjx = (uy —”2)‘P1j - (A +w) @y + us93)
P3jx = UsPrj — UsPsjs

j=1,...,N.
(35)



Advances in Mathematical Physics

4. Conservation Laws

In the following, we shall derive the conservation laws of
supersoliton hierarchy. Introducing the variables

k=%,
¢
1 (36)
G=9,
¢
then we obtain
K,=u -t -2A+w) K +u,G - (u, +u,) K
- u;KG, (37)

G, =uy — ;K — (A +w) G - (u; +u,) GK — u,G”.

Next, we expand K and G as series of the spectral
parameter A

K=Yk,
=
(38)
G= Zgj/\]
j=1

Substituting (38) into (37), we raise the recursion formulas for
kjand g;:

1 1 1 2
ki = ==k —wk; + Suyg; — = (uy + 1) Y ik
2 2 2 P

1o
- ‘”32"19]‘—17
25
39)

j-1
Gjs1 = —Gjx — Usk; —wg; - (ug +uy) Zglkj—l
I=1

j-1
—us) gigip j22
=1

We write the first few terms of k; and g;:

ky, = (”1 —”2))

N | —

g1 = Uy

1
k, = 2 (uy —uy) x

1 1, 1,
- Es(u1 —u,) (5141 -t u3u4> ,

1
9o = Uy — 5 (uy = uy) (us + euy + euy),

1 1
ky = 3 (u, - uz)xx T3 (uy +uy) (uy - 7/‘2)2

1 1
+ wa (u, —uy) + 5 (u, - uz)xw

1

1
+ 3 (u, —uy) w’ - S U Uy

2
1 1/, 2
g3 = Ugex T 5 (uy —uy) us, — 5 (“1 _“2)”4

3
+ N (1) —uy) , Uz + Wy + 2wy,
+w (U — ) Uy + Wy, . ...
(40)

Note that

%[/\+w+(u1 +u,) K +u;G]
(41)

:E[A+(B+C)K+0G],
ox

settingd = A+ w+ (4 +u,) K+ u;G, 0 = A+ (B+C)K + 0G,
which admitted that the conservation laws is §, = 8.,.. For (19),
one infers that

1 1 (42)
C=uA+ -uy, —€u, (—ul U, + usiy |,
2 2
0 =usA + Us, — lsu3 (u2 - uz)
) 1 2
Expanding § and 0 as
) .
S=A+w+ YA,
=1
(43)
(e8]
0 =27+ ~us - uf —uguy + ) 0,17,
=1

conserved densities and currents are the coeflicients & j,Gj,
respectively. The first two conserved densities and currents
are read:

2

2
6, = (u1 - uz) + Usly,

N | —

1 1
0, = 4 (uy +uy) () —uy) x + 1 (uy = uy) (g +uy)

1, 1,,
- EMZ +u3u4> - 5 (ul



2 1 2 1 2 1 2 2 1
— 1/[2) (zul — El/lz +u3u4) — 58 (ul — uz)u3 — E

2 2
"€ (“1 - “2) Uzlly — Uzlly, + Uz Uy,

1 1 1
9, = 2 (ty + 1) (1 —14y) - 5¢ (7"% - H;) (‘”i

15
St s T Ul ) = sty

0, = (uy +uy) ks - [(“1 + uz)x

N

I
—U; + Ustly

—e(u +“2)<l”%_ >

2

‘ [%(“1 —uy) X+ (uy —uy)

1, 1,
x (Eul St sty ] + Uz gy — [u3x

- %5 (“f - ”g)%] [“4x

+ % (g —u,) (us + euy + suz)] ,

(44)

where k; and g; are given by (40). The recursion relationship
for §; and 6, is as follows:

8; = (uy +uy) k; +uzg;,

1
0; = (uy +”2)kj+1 + 5 [(”1 +y),

(45)

2

1, 1,
—e(uy +u,) (Eul -t u3u4>] ki +usgis

2_

+ [u3x - %s(ul ug)u3] 9j>

where k; and g; can be recursively calculated from (39). We
can display the first two conservation laws of (18) as

61t = elx’
52: = 62x’

(46)

where §,,0,,6,, and 0, are defined in (44). Then we can
obtain the infinitely many conservation laws of (17) from
(37)-(46).

5. Conclusions

In this work, we construct the generalized super-NLS-
mKdV hierarchy with bi-Hamiltonian forms with the help of
variational identity. Self-consistent sources and conservation
laws are also set up. In [26-29], the nonlinearization of
AKNS hierarchy and binary nonlinearization of super-AKNS
hierarchy were given. Can we do the binary nonlinearization
for hierarchy (17)? The question may be investigated in
further work.

Advances in Mathematical Physics

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

The project is supported by the National Natural Science
Foundation of China (Grant nos. 11547175, 11271008, and
11601055) and the Aid Project for the Mainstay Young Teach-
ers in Henan Provincial Institutions of Higher Education of
China (Grant no. 2017GG]JS145).

References

[1] A. Roy Chowdhury and S. Roy, “On the Backlund transforma-
tion and Hamiltonian properties of superevaluation equations,”
Journal of Mathematical Physics, vol. 27, no. 10, pp. 2464-2468,
1986.

[2] X.-B. Hu, “An approach to generate superextensions of inte-
grable systems,” Journal of Physics A: Mathematical and General,
vol. 30, no. 2, pp- 619-632, 1997.

[3] W.-X. Ma, J.-S. He, and Z.-Y. Qin, “A supertrace identity
and its applications to superintegrable systems,” Journal of
Mathematical Physics, vol. 49, no. 3, Article ID 033511, 2008.

[4] Y. S. Li and L. N. Zhang, “Hamiltonian structure of the super
evolution equation,” Journal of Mathematical Physics, vol. 31, no.
2, pp. 470-475,1990.

[5] S.-X. Tao and T.-C. Xia, “Lie algebra and lie super algebra
for integrable couplings of C-KdV hierarchy;,” Chinese Physics
Letters, vol. 27, no. 4, Article ID 040202, 2010.

[6] X.-Z. Wang and X.-K. Liu, “Two types of Lie super-algebra for
the super-integrable Tu-hierarchy and its super-Hamiltonian
structure,” Communications in Nonlinear Science and Numerical
Simulation, vol. 15, no. 8, pp. 2044-2049, 2010.

[7] E Yu and L. Li, “A new matrix Lie algebra, the multicompo-
nent Yang hierarchy and its super-integrable coupling system,”
Applied Mathematics and Computation, vol. 207, no. 2, pp. 380-
387,2009.

[8] H.-X. Yang and Y.-P. Sun, “Hamiltonian and super-hamiltonian
extensions related to Broer-Kaup-Kupershmidt system,” Inter-
national Journal of Theoretical Physics, vol. 49, no. 2, pp. 349-
364, 2010.

[9] S. Tao and T. Xia, “Two super-integrable hierarchies and their
super-Hamiltonian structures,” Communications in Nonlinear
Science and Numerical Simulation, vol. 16, no. 1, pp. 127-132,
2011.

[10] J. Yu, J. He, W. Ma, and Y. Cheng, “The Bargmann symmetry
constraint and binary nonlinearization of the super Dirac
systems,” Chinese Annals of Mathematics, Series B, vol. 31, no.
3, pp. 361-372, 2010.

[11] V. K. Melnikov, “Integration of the nonlinear Schrodinger
equation with a source,” Inverse Problems, vol. 8, no. 1, article
no. 009, pp. 133-147, 1992.

[12] V. S. Shchesnovich and E. V. Doktorov, “Modified Manakov
system with self-consistent source,” Physics Letters A, vol. 213,
no. 1-2, pp. 23-31, 1996.

[13] T. C. Xia, “Two new integrable couplings of the soliton hierar-

chies with self-consistent sources,” Chinese Physics B, vol. 19, no.
10, Article ID 100303, 2010.



Advances in Mathematical Physics

[14] H.-Y. Wei and T.-C. Xia, “A new six-component super soliton
hierarchy and its self-consistent sources and conservation laws,”
Chinese Physics B, vol. 25, no. 1, Article ID 010201, 2015.

[15] Y. Fa-Jun, “The multi-function jaulent-miodek equation hierar-
chy with self-consistent sources,” Chinese Physics Letters, vol. 27,
no. 5, Article ID 050201, 2010.

[16] E-J. Yu, “Conservation laws and self-consistent sources for a
super-classical- boussinesq hierarchy,” Chinese Physics Letters,
vol. 28, no. 12, Article ID 120201, 2011.

(17] H. Wang and T. Xia, “Super Jaulent-Miodek hierarchy and its
super Hamiltonian structure, conservation laws and its self-
consistent sources,” Frontiers of Mathematics in China, vol. 9,
no. 6, pp. 1367-1379, 2014.

[18] J. Yu, W.-X. Ma, J. Han, and S. Chen, “An integrable generaliza-
tion of the super AKNS hierarchy and its bi-Hamiltonian for-
mulation,” Communications in Nonlinear Science and Numerical
Simulation, vol. 43, pp. 151-157, 2017.

[19] R. M. Miura, C. S. Gardner, and M. . Kruskal, “Korteweg-de
Vries equation and generalizations. II. Existence of conserva-
tion laws and constants of motion,” Journal of Mathematical
Physics, vol. 9, pp. 1204-1209, 1968.

[20] M. Wadati, H. Sanuki, and K. Konno, “Relationships among
inverse method, Backlund transformation and an infinite num-
ber of conservation laws,” Progress of Theoretical and Experi-
mental Physics, vol. 53, no. 2, pp. 419-436, 1975.

[21] H. Wei, T. Xia, and G. He, “A New Soliton Hierarchy Associated
with so (3, R) and Its Conservation Laws,” Mathematical
Problems in Engineering, vol. 2016, Article ID 3682579, 2016.

[22] N. H. Ibragimov and T. Kolsrud, “Lagrangian approach to evo-
lution equations: Symmetries and conservation laws,” Nonlinear
Dynamics, vol. 36, no. 1, pp. 29-40, 2004.

[23] A.H.Karaand FE. M. Mahomed, “Relationship between symme-
tries and conservation laws,” International Journal of Theoretical
Physics, vol. 39, no. 1, pp. 23-40, 2000.

[24] Q.-L. Zhao, Y.-X. Li, X.-Y. Li, and Y.-P. Sun, “The finite-
dimensional super integrable system of a super NLS-mKdV
equation,” Communications in Nonlinear Science and Numerical
Simulation, vol. 17, no. 11, pp. 4044-4052, 2012.

[25] G.Z.Tu, “An extension of a theorem on gradients of conserved
densities of integrable systems,” Northeastern Mathematical
Journal, vol. 6, no. 1, pp. 28-32,1990.

[26] C. W. Cao, “Nonlinearization of the Lax system for AKNS
hierarchy,” Science China Mathematics, vol. 33, no. 5, pp. 528—
536, 1990.

[27] C.Cao, Y. Wu, and X. Geng, “Relation between the Kadomtsev-
Petviashvili equation and the confocal involutive system,” Jour-
nal of Mathematical Physics, vol. 40, no. 8, pp. 3948-3970, 1999.

[28] Z.]. Qiao, “A Bargmann system and the involutive represen-
tation of solutions of the Levi hierarchy,” Journal of Physics A:
Mathematical and General, vol. 26, no. 17, pp. 4407-4417,1993.

[29] J. He, J. Yu, Y. Cheng, and R. Zhou, “Binary nonlinearization of
the super AKNS system,” Modern Physics Letters B, vol. 22, no.
4, pp. 275-288, 2008.



Advances in Advances in . Journal of The Scientific Journal of
Operations Research Decision Sciences  Applied Mathematics World Journal Probability and Statistics

|nternational
Journal of
Mathematics and
Mathematical
Sciences

Journal of

Optimization

Hindawi

Submit your manuscripts at
www.hindawi.com

International Journal of
Engineering
Mathematics

International Journal of

Analysis

Journal of : Advances in ] Mathematical Problems International Journal of Discrete Dynamics in
Complex Analysis Numerical Analysis in Engineering Differential Equations Nature and Society

International Journa!

of
Stochastic Analysis Mathematics Function Spaces Applied Analysis Mathematical Physics

Journal of Journal of Abstract and ; Advances in



https://www.hindawi.com/journals/jmath/
https://www.hindawi.com/journals/mpe/
https://www.hindawi.com/journals/jam/
https://www.hindawi.com/journals/jps/
https://www.hindawi.com/journals/amp/
https://www.hindawi.com/journals/jca/
https://www.hindawi.com/journals/jopti/
https://www.hindawi.com/journals/ijem/
https://www.hindawi.com/journals/aor/
https://www.hindawi.com/journals/jfs/
https://www.hindawi.com/journals/aaa/
https://www.hindawi.com/journals/ijmms/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/ana/
https://www.hindawi.com/journals/ddns/
https://www.hindawi.com/journals/ijde/
https://www.hindawi.com/journals/ads/
https://www.hindawi.com/journals/ijanal/
https://www.hindawi.com/journals/ijsa/
https://www.hindawi.com/
https://www.hindawi.com/

