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Abstract

This paper is devoted to obtaining various explicit dynamic solutions of the Landau-Lifshitz
equation in 2-dimensional cylindrical symmetric system. By suitably establishing explicit
transformation, we here construct explicit dynamic solutions depending only on the angle # and
time ¢ for Landau-Lifshitz equation with anisotropy field or external magnetic field. Besides,
we introduce certain indeterminate solution form of the Landau-Lifshitz equation by solving
the indeterminate coefficients to derive explicit magnetic vortex or traveling wave solution.
In this paper, we provide some specific examples and attain their some explicit dynamic solutions.
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1 Introduction

The well-known Landau-Lifshitz equation [1] can be written as the form

90— Aty x H® — doiy x (0 x H), Qx (0,T),

- a3 N 1.1
He = —H(i)+ 3 52-(a; 52)+ H, 2x(0,7), (1.1)

i,j=1

in which (x,t) = (mi,m2,ms) : Q x (0,T) — S* C R® is a three-dimensional vector valued
unknown function with respect to space variables x = (z1, Z2, ....., Tn) and time ¢; Ay and A2(> 0)
are constants in physics; the effective magnetic field H® is a conjugate of the anisotropy field H (mm),

— 3 —
the external magnetic field H and the exchange field A = > 52 (a;; 22). Originally introduced
=1 " !
by Landau and Lifshitz in 1935, the above motion equation describes the evolution of spin chains
in continuum ferromagnets. The Eq. (1.1) plays an essential role in the studying of nonequilibrium

magnetism.

Many properties of two-dimensional and especially n-dimensional Landau-Lifshitz equation have
been much less studied. The complete form of cylindrical symmetric case for the Heisenberg system
[2] can be written as:

-1 -1
e = T X s + 1T X 1Ty + = 17) X 1090 + 1T X sz, > 2, (1.2)
r r
where r = \/x? + 23 + - + z2. In 1990, M. Lakshmanan and K. Porsezian [3] initially proposed
the cylindrical symmetric form of the multidimensional Landau-Lifshitz equations:
S oo n—1_
Me = M X Myp + m X My, n > 1, (1.3)
r
wherer = /23 + 2+ + z2. Under the suitable transformation, the Eq. (1.3) is geometrically

equivalent to nonlinear Schrodinger map equation [4]. In 1999, Chang, Shatah and Uhlenbeck [5]
considered the 2-dimensional cylindrical symmetric Landau-Lifshitz equations:

1
it = 1 X ey + 170 X 1T, 0 = 2, (1.4)
T

with initial value problem, where r = \/z? + 2. When the Eq. (1.4) satisfies the small energy
initial condition, they have proved that there exists one global smooth solution to the Eq. (1.4).
However, it is extremely important to investigate this open problem that there exists global smooth
solution to the n-dimensional Landau-Lifshitz equation. In 2000-2001, B. Guo and G. Yang et al. [6]
constructed some exact blow-up solutions to n-dimensional cylindrical symmetric Landau-Lifshitz
equations:

N N N n _.\ N
My = M X Mypr + ——— M X My, > 2, (1.5)
r

where r = \/x% +xZ 4 + z2. In 2001, it was initially constructed by B. Guo and G. Yang
[7] to obtain some exact nontrivial global smooth solutions on unit sphere for vanishing external
magnetic field Eq. (1.4). Although many explicit dynamic solutions (depend only on the radius r
and time t) of the Landau-Lifshitz equation have been intensively constructed by many investigators,
we are still of the greatest interest in some dynamic solutions (depend only on the angle 6 and time
t) to the Landau-Lifshitz equation. Meanwhile, some time periodic solutions (depend on the radius
r, the angle 6 and time ¢) are known as magnetic vortex solutions (see [8],[9],[10]), which bear a
vital role in the understanding of the Landau-Lifshitz flow.

Our main purpose in this paper is to construct various explicit dynamic solutions of the Landau-
Lifshitz equation. We mainly consider these explicit solutions in two-dimensional cylindrical symmetric
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case. It is important to note that how to choose the suitable first orthogonal matrix is a key step
to achieve explicit transform.

In Section 2, our purpose is to obtain explicit dynamic solutions with respect to angle 6 and time
t for the HLL with a uniaxial anisotropy field H () = (0,0, f(ms(t), A, t)), in which m3z depends
only on time t. In order to easily construct these solutions, we provide an explicit transformation
between the HLX and the HLL.

In Section 3, we provide a meaningful magnetic vortex solution to the Eq. (3.1) with anisotropy
field and consider the energy gradient modulus to gain Landau-Lifshitz energy. Furthermore, we
also construct a traveling wave solution (depends only on the angle 0 and time t) to the Eq. (3.2)
with external magnetic field.

In Section 4, we will construct some explicit dynamic smooth solutions to two-dimensional HLZ in
cylindrical coordinates, when a(t) is continuous.

2 The Explicit Dynamic Solutions of the HLL

In this section, taking A1 = 1 and A2 = 0 for the Eq.(1.1), we consider the initial-boundary value
problem of the Landau-Lifshitz equation under non-vanishing uniaxial anisotropy field

G =1 x (A + f(ma(t), N )és), (z,t) € Qx (0,T),
HLL m($70):§f($), ‘7’.697

m(z,t) = ¢(z,t), (z,t) € 92 x(0,T),
meS2C R in R™ x[0,00),
where €3 = (0,0,1). When f(ms(t), A, t) takes 0, the Landau-Lifshitz equation with isotropic case
will be written as follows:
% — i x Aii, (z,t) € Qx(0,T),
) n )=w(z), =€,
HLX 2N G t) = 62,0, (2,8) € 0Q x (0,T),
i€ S?C R in R™x[0,00).
In the present section, we will construct explicit dynamic solutions to the HLL in 2-dimensional
cylindrical coordinates. Constructing explicit dynamic solution to n-dimensional HLL is still an

open and important problem. In order to obtain these explicit solutions of the HLL, the following
Lemmas are firstly established.

Lemma 2.1. Let g = f(ma(t), A\, t) satisfy the 3 X 3 matriz

0 —g O
H=|¢g 0 0
0 0 O

Then the first orthogonal matriz A(t) defined by

cosp sing 0
A(t) = —singp cose 0
0 0 1

that is an explicit solution of the equation

HA(t)
at

= _HA(t)7

in which ¢ = fot f(ms(s), \, s)ds.
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Proof. We can easily verify that A(t) satisfies

—gsingp gcosp 0
%ﬁt) =| —gcosp —gsing 0 | =—HA().
0 0 0

O

Next the solution of the HLL considered, we gain some explicit dynamic solutions that include in
C*([0,00); C*(R™; R?)) and are classical. By using above lemma, 2.1, we construct a transformation
from static solution of the HLX to explicit dynamic solution of the HLL, as follows:

Lemma 2.2. Let g = f(ms(t),\,t) € C(0,T)(0 < T < ), @ € C*(Q) and ¢ € C*(0,T; C*(; R®)),
then m € C*(0,T; C*(R™; R*)) is a solution of the HLL if and only if

i = mA(t)

is a solution of the HLX, where @ = GA(0) = GAo and & = GA(t).

Proof. i) For one thing, assuming that m is a solution of the HLL, we have
—f — X AR

= 20RAM) _ ([ A(t) x A(MA(L)))
_ = a(g(t» + (17 x (0,0, g))A(t)
_ 28 g

=0.

Thus, this proves 7 = mA(t) is a solution of the HLX;

ii) For another thing, supposing that 77 = mA(t) is a solution of the HLX, we deduce that

%_mxmm+m&»

= 20D — Gi(A®)") x (AGA®)T) +(0,0,9))
= 2D _ (7(A®1)T) x (0,0, 9)

- ~w + (7(A)TH")

=0.

Therefore, this proves that 1 = f(A(t))” is a solution of the HLL.
O

Remark 2.3. In Lemma 2.2, we construct the transform that is explicit form. When the solution
to the HLX is given by us, of course, we will easily calculate the solution to the HLL. In view of
explicit dynamic solution (depends only on the angle 6 and time t) for the HLL, the first orthogonal
matriz A(t) ensures to achieve an explicit transform between static solution of the HLX and explicit
dynamic solution of the HLL. As a matter of fact we introduce ¢ = fg ms(s), A, s)ds that is
continuous on (0,T) and fg ms(s), A, s)ds = fo (s), A, s)ds, in which ns is independent of x,
thus m = A(A(t))T can be easzly obtained.

According to Lemma 2.2, some explicit dynamic solutions with respect to radius r and time ¢ have

been abundantly constructed by Guo and Yang [11]. Nevertheless, it is really significant to construct
some explicit dynamic solutions (depend only on the angle 6 and time t) of the HLL.
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Theorem 2.4. Let § = arctan($2), we have

cos(0 — ) T
m(0,t) = | sin(0 — ) (2.1)
0

that is an explicit dynamic solution for 2-dimensional HLL in cylindrical coordinates, and satisfies
the initial condition
cost
m(6,0) = | sind ,
0

where ¢ = fot f(ms(s), A, s)ds and m(0,t) € S N C°([0,00) x [0,27]).

Proof. We have constructed static cylindrical symmetric solution of the HLX in the following form

cosf
(@) = | sind
0
According to Lemma 2.2, we obtain
cos(0 — p) r
m(0,1) = (AW®)" = | sin(0— )
0
that is an explicit dynamic solution for the HLL with the initial value above. O

Remark 2.5. Let A1 € R3>*® be the first constant orthogonal matriz i.e. |A1] =1, in which

+ 1—012 Cy 0
A1: Cl :F\/l—Cf 0 5
0 0 —1

satisfying |C1| < 1. If il is a static solution for the HLX, then WA BT (t) is a dynamic solution for
the HLL, where
cos¢ sing O
B(t)=| —sing cos¢ O
0 0 1

and ¢ = fot f(ms(s), A, s)ds.

Remark 2.6. Let As € R3*? be the first constant orthogonal matriz i.e. |Az| =1, in which

+./1 - C% Ca 0
Ay = ¢, +y1-CZ 0 |,
0 0 1

satisfying |C2| < 1. If m is an explicit dynamic solution to the HLL, then mAsz is also an explicit
dynamic solution to the HLL.

Example 2.7. On the case of 2-dimensional Landau-Lifshitz equation with a uniazial anisotropy
field (0,0,2X(1 —m3)?®), eaplicit static solution has been derived by Papanicolaou and Zakrezewski
[12]. This equation may be recast as follows:

ot

I — 7 % (A + (0,0,2X(1 —m3)?)), in R™ x (0,00), (2.2)
m € S%, in R™x[0,00). :
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It follows from Theorem 2.4 that

<p=f f( ()AS)ds

= fo )\ s)ds
f ds
= t
therefore, we gain
cos(0 — 2)t) r
m(0,t) = sin(0 — 2At) (2.3)
0

that is an explicit dynamic solution of 2-dimensional Eq.(2.2) in cylindrical symmetric system, and
satisfies the initial value
cost
m(6,0) = | sind
0

3 The Vortex or Traveling Wave Solution of the Eq.
(3.1) and Eq. (3.2)

In this section, we construct vortex solution of the Landau-Lifshitz equation with uniaxial anisotropy
field

U X Upr +

- 1
Ut -
T

L 1. . S B
uxur—&—r—quuee-i-uxH(u), (3.1)
and traveling wave solution (see [13],[14]) of the Landau-Lifshitz equation with external magnetic
field

1
)

T X Upp + =0T X Up +

~ 1.
Ut -
r

T X oo + 7 % a(t)H, (3.2)

where H (i) = (0,0, Mus), H = (0,0, hs) and af(t) satisfies fo s)ds € C[0,T], 0 < T < +o0.

Theorem 3.1. Let r = (/27 + 23, 6 = arctan(32) and ¢(r) = 2arctan,/ %. Then

we have .
sin(p(r))cos(pd + wt + &)

u(r,0,t) = | sin(p(r))sin(pd + wt + &) (3.3)
cos(p(r))

that is a magnetic vortex solution of 2-dimensional Eq. (3.1) in cylindrical symmetric system.

Proof. If 4(r,0,t) = (u1(r, 0,t),u2(r,0,t),us(r,0,t)) is a magnetic vortex solution for the Eq.(3.1),
where
u1(r,0,t) = sin(p(r))cos(p + wt + £),
uz(r,0,t) = sin(p(r))sin(pf + wt + &), (3.4)
uz(r,0,t) = cos(p(r)),
p denotes the vortex degree; w denotes the frequency; £ denotes the initial phase, then we deduce
from the Eq. (3.1) and (3.4) that
d? d 2ot _
2 (o) = 7 (o) + (B + 20 )sin(2p(r)) + rwsin(p(r)) = 0. (35)

Next let us introduce function .

o(r) = 2arctan(%), (u#0), (3.6)
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and substitute (3.6) into the equation (3.5), then we gain

BRp2rt — b2 pR b g Bt €20 g ApREI 22 2430 (3.7)
After simplifying (3.7), we have
T2b _ NZ(_b2 +p2 +AT2 +UJT2)
_b2 +p2 + )\7”2 — wr2
Thus, we obtain
_b2 +p2 + )\7’2 + OJT2
p(r) = 2arctcm\/_b2 R e (3.8)
O
Remark 3.2. We deduce from (3.3) and (3.8) that energy gradient modulus
A(wb? — wp? 2 2
(0 = s i (39)
(02 — p2 — Ar2)? (b2 — p?2 — Ar2 + wr?)(b? — p? — Ar2 —wr?)
is independent of t. And foR |G (r,t)|*rdr (R is constant or infinity) is bounded or unbounded.
Example 3.3. In view of (3.9), we take R = 400, w=1, p=2, b=1, A = 3, and obtain
2
o (D) = oo . (3.10)
(=3 —3r2)"(—3 — 2r2)(—3 — 4r2)
Integrating (3.10) over [0,+00), we have the energy
+oo
E= / @ (7, t)|*rdr = 2 + 21n(3) — 6ln(2).
0
If we also take R=2, w=1,p=1,b=3, A =1, then we gain
1672
it (r, 1) = or (3.11)

(8—r2)*(4—r2)
Therefore, we also have the energy

2 2
16
E = / frrdr = +o0.
0 G- -1
Remark 3.4. As is mentioned above, it is the fact that there exists finite energy magnetic vortex
solution of the Eq.(3.1) under prescribed boundary data. In addition, if the Landau-Lifshitz equation
loses anisotropy field, then magnetic vortex solution will transform traveling wave solution.

Theorem 3.5. Let § = arctan(32). There is a traveling wave solution 7(6,t) = (v1(0,t),v2(6, 1), vs
(6,1)) for the Eq.(3.2) with external magnetic field, in which

sin(2 arctan(1))cos(pf — [ hsa(t)dt + &1) r
7(0,t) = | sin(2arctan(1))sin(pd — [ hsa(t)dt + &1) . (3.12)
cos(2arctan(1))
Proof. We will suppose
v1(r,0,1) = sin(p(r))cos(ph + w(t)t +€),
va(r, 0,t) = sin(p(r))sin(pd + w(t)t + &), (3.13)

)
v3(r, 0,t) = cos(p(r)),
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and deduce from the Eq. (3.2) and (3.13) that

(o) (L p(r) + o sin(2p(r) + 1 (hsa(t) + (@)t +w(®)sing(r) = 0. (3.14)
If we take d
hsa(t) + (%w(t))t +w(t) =0, (3.15)

then we obtain an exact solution for the equation (3.15), and it may be written as

_ Ci— Ja(t)hadt

. , (3.16)

w(t)
in which C} is constant. Therefore, (3.13) can be rewritten as

v1(r, 0,t) = sin(p(r))cos(pd — [ hsa(t)dt + &1),
va(r, 0,t) = sin(p(r))sin(pfd — [ hsa(t)dt + &1), (3.17)
v3(r, 0,t) = cos(p(r)),

in which & is constant. Substituting (3.17) into the Eq. (3.2), we easily obtain

2 2
2 (o) — - (p(r) + 2 sin(2(r)) = 0. (318)

Let us define function 5
p(r) = 2arct(m(%), (n #0), (3.19)

where (3, a, u are constant.

Thus, we deduce from (3.18) and (3.19) that
o(r) = 2arctan(1). (3.20)

4 The Explicit Dynamic Solutions of the HLZ

In this section, we consider the initial-boundary value problem of the Landau-Lifshitz equation
under non-vanishing external magnetic field

O — i3, x (A + a(t)H), (z,t) € 2 x (0,T),
m( b T €,

m(x,t) = ¥(z,t), (z,t) €2 x (0,T),
meS>C R, in R" x[0,00),

HLZ :

and the initial-boundary value problem for the Landau-Lifshitz equation under vanishing external
magnetic field
9% — i x Aft, (z,t) € Qx (0,T),
fi(z,0) = £(z), z€Q,
ii(x,t) = C(x,t), (x,t) € 9Q x (0,T),
e S?*C R in R"x[0,00),

HLY :

where H = (h1, h2, hs), and hi, ha, hs are constant, and «(t) is continuous.

Next we construct some explicit dynamic solutions in respect to angle # and time ¢ to the HLZ.
Considering two cases, we let h% + h3 # 0 and h3 + h3 = 0 in this section. In order to conveniently
get explicit dynamic solution of the HLZ, we give some Lemmas as follows:
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Lemma 4.1. Let
i) 3 +h3 #0 and hy = he = 0, we have f = at) ’ﬁ‘ that satisfies the 3 X 3 matriz

-f

0
Hi = 0 |;
0

O~ O

0
0
ii) h3 +h3 =0 and ha = hs = 0, we have the 3 x 3 matriz in the following form
0 0 O

H; = 0 0 —g ’

0 g O

m which g = a(t) ‘ﬁ ;
then

iii) the first orthogonal matriz Fi(t) defined by

costy siny O
Fi(t)=| —siny cosyp 0
0 0 1

that is an explicit solution of the equation

OO — mir),
in which ‘ﬁ‘ =hs and ¢ = ‘FI’ fg a(s)ds;
w) the first orthogonal matriz F>(t) defined by
0 0 1
Fy(t)=| —sing cos¢

—cos¢p —sing 0
that is an explicit solution of the equation

OF(t)
ot

= 7H2*F2(t)7
in which ‘ﬁ‘ =hi and ¢ = ’ﬁ‘ fot a(s)ds.

Proof. We can easily verify that Fi(t) is the first orthogonal matrix satisfying

OF: () —a(t)hssiny  a(t)hgcosyy 0
= [ —a(t)hscosty —a(t)hssing 0 | = —HiFi(t).
ot
0 0 0
Similarly, we can prove that
0 0 0
8F5t(t) =| —a(t)hicos¢ —a(t)hising 0 | =—HsF(t).

a(t)hising —a(t)hicos¢ 0
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Lemma 4.2. Let a(t) € C[0,T], ¢ € C*(Q) and ¢ € C*([0, T); C* (8% R®)), then 1w € C*([0,T); C*
(R™; R?)) is a solution of the HLZ if and only if
i)
= mFi(t)
is a solution of the HLY, where 5: $P1 and 5: 1/7F1(t);
i)

i =mFs(t)

is a solution of the HLY, where € = ¢Py and ¢ = }Fy(t).
Proof. For the proof of i), assume that 7(6) = m(60,t)Fi(t), then a(t) € C[0,T] shows that 1(t) =
hs fot a(s)ds is continuously differentiable on [0,7]. We have

m € C1([0,T); C*(R™; R®))

if and only if

ii € C*(R™; R%).
Let 4(0) = 0, we know F1(0) = Py. So for every 6 € Q, m(6,0) = $(6) if and only if 7i(0) = ¢(0) Py,
and for every (0,t) € OQx (0,T), m(6,t) = (6, t) if and only if 77(0) = (6, t) F1(t). Next performing
the similar proof of Lemma 2.2, we complete the proof of i). Meanwhile, the same procedure may
be easily adapted to complete the proof of ii). Thus, the proof of Lemma 4.2 is completed. O

According to above Lemma 4.2, some explicit exact solutions (depend only on the radius r and time
t) have been obtained by Guo and Yang [15]. But we are interested in explicit dynamic solution
with respect to angle 6 and time ¢ for the HLZ. Here we will derive some explicit dynamic solutions
to the HLZ by using above Lemma 4.2.

Theorem 4.3. Let 0 = arctan(32) and () = hs fot a(s)ds. Then m(0,t) € S* N C*®([0,00) x
[0,27]) defined by

cos(6 — ) r
m(0,t) = | sin(0 — ) (4.1)
0

that is an explicit dynamic solution of 2-dimensional HLZ in cylindrical symmetric system, satisfying
the following initial-boundary conditions:

1) initial condition:
cosf
m(0,0) = | siné ,
0

where 0 € Q = [0, 27];

1) boundary conditions:

£

cos(—
m(0,t) = [ sin(—

£

where (0,t) € {0} x [0,00), and
cos(2m — ) r
m2m,t) = | sin(27m — )
0

where (2m,t) € {27} x [0, 00).
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Proof. Since we constructed static solution to the HLY in the following form

cos
(@) = | sind ,
0
using Lemma 4.2, we obtain
cos(6 — ) r
m(0,t) = i(Fu(t)" = | sin(0 - )
0

that is an explicit dynamic solution of the HLZ with above initial value and boundary values. [

D t - 2 oo

Theorem 4.4. Let § = arctan(32) and ¢(t) = ha [j a(s)ds. We have 1(0,t) € S* N C>([0, 00) x
[0,27]) defined by
T

0

m(0,t) = | sin(0 — ¢) (4.2)

—cos(6 — @)
that is an explicit dynamic solution of 2-dimensional HLZ in cylindrical coordinates, and satisfies
the following initial-boundary conditions:

1) initial condition:

0 T
m(0,0) = | siné ,
—cosf
where 6 € Q = [0, 27];
1) boundary conditions:
0 T
0,0 = | sin(-6) |
—cos(—¢)
where (0,t) € {0} x [0,00), and
0 T
m(2m,t) = | sin(27 — ¢) ,
—cos(2m — @)

where (2m,t) € {2} x [0, 00).

Proof. Since we constructed static solution of the HLY in the following expression:

cos 6
(@) = | sind ,
0
using Lemma 4.2 again, we gain
0 T
m(0,t) = i(Fa(t))” = [ sin(0 — ¢)
—cos(0 — ¢)

that is an explicit dynamic solution of the HLZ with above initial value and boundary values. [
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Remark 4.5. Let
C +v1-C? 0
F= FV1-C? C 0
0 0 1

be the third-order first constant orthogonal matriz, and satisfy |C| < 1, here if i is a solution of the
HLY, we conclude that m = fi(Fa(t)F)T = fA(Fa2(t)F)~' is an explicit dynamic solution of the HLZ.

Example 4.6. In Nakamura and Sasada [16], authors studied the HLZ with external magnetic field
in 1974. On the system of two-dimensional cylindrical symmetric model, if we take H = (0,0, h)
and ot) =1, the HLZ can be written as

ot

9% — 1 x (A + (0,0,h)), in R" x (0,00), (4.3)
m e S? in R™ x [0,00), .

i which h is nonzero constant.

According to Theorem 4.3, we construct explicit dynamic solution m(6,t) = (m1(0,t), m2(6,t), ms
(0,1)) of the Eq.(4.83), in which

cos(0 — ht) r
m(0,t) = | sin(@ — ht) (4.4)
0
satisfies the initial value
cosf
m(0,0) = | sin@
0
and boundary values
cos(—ht) r
m(0,t) = [ sin(—ht) ,
0
cos(2m — ht) r
m(2m,t) = | sin(27 — ht)
0

Example 4.7. Considering the HLZ with external magnetic field H= (h1,0,0) and a(t) =1, we
recast the equation as follows:

9% =1 x (Am + (h1,0,0)), in R™ x (0, 00), (4.5)
m € S%, in R™ x [0,00), )
in which hi is nonzero constant.
Similarly, using Theorem 4.4, we obtain
0 T
m(0,t) = | sin(0 — hit) (4.6)
—cos(0 — hit)

that is an explicit dynamic solution of the Eq.(4.5), and satisfies the initial value

0 T

m(6,0) = | sinf
—cos @
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and boundary values

0 T
m(0,¢) = [ sin(—hat) ,
— cos(—hat)
0 T
m(2m,t) = | sin(27 — hit)

—cos(2m — hit)

Remark 4.8. Investigating limit behavior of solutions for the HLZ, we nowadays face this problem
that we don’t find proper conditions to establish some necessary and sufficient conditions to ensure
that the solution of two-dimensional Landau-Lifshitz equation under non-vanishing external magnetic
field converges to the solution of the Landau-Lifshitz equation without external magnetic field if the
external magnetic field tends to zero (as a(t) — 0). In order to solve this problem, further study
needs to be finished in the future.

5 Conclusions

In the present work, we obtain some new explicit dynamic solutions of the Landau-Lifshitz equation
in 2-dimensional cylindrical symmetric system that contains two cases: the generalized uniaxial
anisotropic case and the external magnetic field. These explicit dynamic solutions don’t equip with
some properties of solutions depending only on the radius r and time ¢. The construction of these
solutions are based on an explicit transform and an ansatz about the solution. However, many
interesting problems are still unresolved here. Such as:

(i) How is the stability of these explicit dynamic solutions in the energy space?

(i) Whether we can find suitable transform to construct explicit dynamic solution of the HLL,
if the third component of static solution to the HLX depends only on the angle 6.
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