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ARTICLE INFO ABSTRACT

Keywords: In this paper, we first offer the approach of spherical magnetic Lorentz flux of spherical
Sa-magnetic particle

Heisenberg spherical Landau Lifshitz model
Geometric magnetic flux density

Sa-magnetic particle flows by the spherical frame in spherical Heisenberg space S2. Eventually,
we obtain some optical conditions of spherical Sa-magnetic Lorentz flux by using directional
spherical fields. Moreover, we determine spherical magnetic Lorentz flux for spherical vector

1::(;; _ fields. Also, we give new construction for spherical curvatures of spherical Sa-magnetic particle
03.50.])2 flows by considering Heisenberg spherical Landau Lifshitz model. Finally, magnetic flux surface is

02.40.—k demonstrated in a static and uniform magnetic surface by using the analytical and numerical
results with Heisenberg spherical Landau Lifshitz model.

1. Introduction

Differential geometric tools such as surfaces and curves have been appeared in many disciplines of theoretical and practical areas of
science ranging from thermodynamics [1] to high energy strings [2], and from general relativity [3] to solitons [4], or even in plasma
physics [5] and liquid crystals [6]. The motion of curves and the concept of the Frenet-Serret frame are the main common ingredient in
all these applications.

These tools have also been considered in the research of magnetic structures significantly. Recently, many authors have focused on
the subject of magnetic curves and investigate many important results. In these studies, one common approach has been used
extensively. According to this approach, it is generally assumed that magnetic curves are trajectories of the time-independent moving
charged particle on geometric manifolds or physical spacetime structures. This motion of the particle is specifically determined by the
Lorentz force equation. Once the Lorentz force equation is managed to solve successfully, then many interesting characterizations have
been developed from the geometric and physical points of view [7-15].

These structures implemented by many authors to define magnetic flux-tubes in the case of inflexional configuration and inflec-
tional disequilibrium. In the presence of a magnetic field, the magnetic flux-tube is defined by the cylindrical thin tube of circular cross-
section having a positive radius. The cases of twisted magnetic flux-tube and straight flux-tube are investigated separately in various
studies. The geometric formulation of these tubes is derived by the Lorentz force equation and used to determine generic charac-
terizations associated with the several useful applications to astrophysical flows, solar corona loops, etc. Nested toroidal flux surface is
described due to the motion curves in magnetohydrostatic. It can be considered as a generalization of the magnetic flux-tube. All these
results have been obtained through the Riemannian and non-Riemannian geometric data and facts [16-20].
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In recent times there have been diverse developments in the operation of geometric flux flows from computer perspective, which
has both analytical and functional significance. Some researchers have desired to derive flux flows that take into account the optical
surfaces of fields enclosed by flows magnetic particles [21-26].

The geometric phase investigation along the optical fiber investigation is mostly conducted by observing the action of electro-
magnetic particles and their features. Some nonlinear evolution structures are frequently encountered particularly in genuine-state
physics, chemical physics, plasma physics, optical physics, fluid mechanics, etc. Even though these equations have been heavily
used in many structures, it requires very hard work to obtain the explicit solutions of approximate systems. Thus, there exists no global
or unified approach to demonstrate the exact solutions of all nonlinear transformation systems [27-37].

The aim of the present paper is to study the effect of the geometric interpretation of the notion of the Heisenberg spherical
ferromagnetic spin for spherical flows of magnetic particles with the spherical-frame in spherical Heisenberg space SZ. Eventually, we
obtain some optical conditions of spherical Sa — magnetic Lorentz flux by using spherical fields. Moreover, we determine spherical
magnetic Lorentz flux for spherical fields. Also, we give new conditions for spherical potentials of spherical Sa — magnetic flows by
considering Heisenberg spherical Landau Lifshitz model. Finally, the magnetic flux surface is demonstrated in a static and uniform
magnetic surface by using the analytical and numerical results with Heisenberg spherical Landau Lifshitz model.

2. Backround on the spherical frame in S?

Heisenberg metric g is given via
g =dx* +dy? + (dz — xdy)*.
Basis for Lie algebra of Heisenberg group is given by

0 0 0 0

& =50 62:67y+x6727 °=5

Let @ : | - S2 be unit speed smooth particle. Spherical frame system is defined by spherical frame

Ve.a 0 1 0 a
Vet | =-1 0 ¢ t,
AV 0 —-¢ O S

where ¢ = det(a,t,V,t).
Also, the particle satisfying this spherical frame equations is defined Lorentzian spherical particle.
The vector products of spherical fields are given by

a=txs, t=sxXd sS=0XLt
3. Flows of Sa-magnetic particles in spherical Heisenberg space S

In this section, it is first described magnetic surfaces with the time evolution of the spherical Sa-magnetic particle in spherical

Heisenberg space S2. The time evolution is assumed to be a new design embedded in the spherical space. Thus, the fundamental
geometric construction of the flows as surfaces can naturally be induced by moving spherical orthonormal fields.

& Let a be smooth particle with magnetic field B in the spherical Heisenberg space S%. We call particle a as a spherical Sa-magnetic
particle if the spherical tangent field with the following equation:

Vsa=¢(a) =B x a.
& Lorentz force ¢ for spherical Sa-magnetic particle is given
(o) = mwe, — mwe, + cospes,

)
d) = —(m +sir’@le + (—m + ony)es — (13 + si’p)es,
P(s) = -—wmwe, + wnwe, — ®cospe;,

where w = g(¢(t),s) is a sufficiently smooth function. Also, magnetic field B is given by
1 1
B=(mw— ;sin3(p)el + (Mo + y,)er + (mw — ;sin‘?(/))e%

where
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1
m = ——singcos|wo + wil,
ol
..
Ty = —singsin[wo + @],
w
1. 2 1. 2 .
73 = (cosp ——sin’p)o — —sin’psin2[wo + w],
w 4w
1
7, = (=sin*gcos[wo + w|cosp + singsin[we + @, lys),
w
V1i+é
w = - — cosg).
sing

Let a(o,t) be the motion of regular spherical Sa-magnetic particle in spherical Heisenberg space S2. The flow of spherical
Sa-magnetic particle is given by

Vi =y t+ 1,8,

where y,, v, are potentials of particle.
aTime derivatives of spherical frame

X2 .
Vo = (yymw-— gzsuf(p)el — (@ — yym)es

+(y,cosp — )Qsin3(p)e3,

Vit = —(ym+ ()(]£+—)sm p)er + (my(y e
/% s\ .
+0—2) im)es — (y,ms + g()ﬁs + a—;)szn3¢)e3,
P p)
Vs = —(om+mole+ 22 + (mwlye+52)
p)
—Jam2)er — (a7 + cosplz,€ + 22) ey

do
aFlows of ¢p(a), (1), p(s) forces of the spherical frame are presented by

Vipla) = —(m + i(ZIE +%)Sin3fﬂ)el = (nm — ma(rie
(3
o e ()(18+*)"" ®)es

dy. 1 0w .
Vip(t) = *((WO(@JFT;) +x)mw + ay,m +;(E*X2)5m3(ﬂ)el

[7) 0w
+(@Une+52) +1)mm — wpm +m(5 1)

i) 1 0w .
~(@0e+22) + z1)ecosp + wgom +—(57 = )sin'p)es,

0 a ow
Vip(s) = (B(Zl£+ jz)sirﬁq; —mw s +ay,m)e + (mw—

o + wy, 1,

0
—mw(y, e+ —))ez + ( ()(,e + )sm @ + @y, T3 — cosQ §)63

4. Spherical magnetic Lorentz flux surfaces

The magnetic flux equation theory or the theory of flux systems has had an enormous impact on applied physical and mathematical
studies. This framework combines some subtle techniques in nonlinear flux optics, field designs and sigma models, fluid dynamics,
relativity, electromagnetic wave theory. In this section, we obtain spherical magnetic ¢(a), ¢(t), ¢(s) flux conditions by using the
Heisenberg spherical Landau Lifshitz model.

Case 1. Spherical magnetic ¢(a) flux with Heisenberg spherical Landau Lifshitz model

Theorem 4.1. The spherical Heisenberg magnetic ¢ (o) flux™F jfa) is given by
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oe
,nf%,) = /f(*”lwg(”zw+)(4)%+ﬂ2w£(”1w

de

Ey)dV

1'3)68-&- e(mw 1'?)
—Sin - COS — S

o e P o ?
Proof. From definition of spherical Heisenberg magnetic ¢ (o) flux

"F o) = /fB~VS¢(a) x V,p(a)dv

By short calculations, we have

0, 17 0,
Vep(a) x Vip(a) = mw a);el - frlwgez + cosgaaiq

Magnetic flux density of ¢(t,) is given by
1 .5 .0 9 1.
"Ly = Hw(T10 — ;sm’%(p)% — mw(mw +}{4)£ + cosp(my0 — Eszn3(p).

Moreover, ¢(a) flux is obtained in the following way

0 1 0 1
"F gy = /f(—ﬂlw(ﬂzw +}(4)£ + mw(mo — ;sirﬁ(p)% + cosp(mw — —sm 3p))dv.

From Landau Lifshitz model, flux density is given by

"Li =B V(@) x () x Vig(aw).

Also, we get
13 oe
P(a) x Vifl’(a) = ﬂl%el + ”2%62 + ﬂs%es

Similarly, we can obtain that

Oe Oe Oe
V() x p(a) x Vip(a) = mWES €1 — MWES € + cospe 5 e3.

Spherical Landau Lifshitz magnetic ¢(a) flux is given by

Oe

m ﬁL
do’

| N de 1
b = M@E(m @ — —sin’ )= — mwe(mw +)(4)a + cospe(my0 — —un 3p)—
w

do
From above equation, we have

. Oe 1 Oe 1 Oe
m]:L‘L :/_ e a3\ a3 dv.
) f( T\ wE(T0 +X4)0(7 + mwe(m i w)aa + cospe(m30 Ll (p)aﬁ) v

This proves the theorem.
In the light of Theorem 3.1, we express the following important results.
o The Heisenberg magnetic ¢(o) flux surface condition is given by

1 0 7 1
mw(mw — —sinsfp)ﬁ — mw(no +)(4)ﬁ + cosp(mw — —sin’p) = 0.
@ @

do oo
o The Heisenberg magnetic ¢(ot) Landau Lifshitz flux surface is presented by
Oe

jfﬂ”lﬂ&‘(ﬂ,’&)‘l’ )%+cos s(ﬂa)fisin3 }—=0
% 1 2 )(406 pe(ns3 = (’0()07'

Therefore, we have the following corollary.

1
mywe(mo — —sin’p)
@

Corollary 1. Gauss’s law of the ¢(a) Landau Lifshitz flux closed surface is presented by

§dv:0

}{( miwe(mo + )aEJrﬂ e(mw Lgind )a€+cos (3w Lgin? V=)
—7T @ — w — —sin’p)— — —sin’
Al 2T L) T ! @ Yoo pers o Yo

For numerical work, the above systems are often used spherical magnetic flux density. Spherical magnetic ¢ () Landau Lifshitz flux
is usually derived using the properties of the divergence-free nature of the magnetic field along with the definition of the spherical
magnetic flux density in spherical Heisenberg space S2. To obtain the visualization of the evolved systems of the magnetic ¢(a) flux
™ F s We use the basic numerical algorithms to solve the above equations at Matlab and Comsol software. This approach presents the
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Fig. 1. Spherical magnetic ¢(a) Landau Lifshitz flux with ideal conductor.

results of the magnetic ¢ (o) flux ™ F ;) on the spherical magnetic flux density and magnetic field of an ideal conductor at minimum
density are illustrated in Fig. 1.
Case 2. Spherical Magnetic ¢(t) flux with Heisenberg spherical Landau Lifshitz model

Theorem 4.2. The spherical Heisenberg magnetic ¢(t) Landau Lifshitz flux ™F 5(% is given by

"Fih = /f((ﬂzw + 24) (maw(we + 1)(“’378; + 2?)%)8) - ”]ww%}(w‘%e
+2?TZ-)8) —im) + (mo — %sin%o)(ﬂzww %(w%t? N 2%8) e
_éw(ws + 1)(“’3_2 + Z%S)Sin%) + (w0 — éﬂ.ﬂ%)(www Z_Z(wa_aﬁg
+250e) — —wlwe + 1) + 25 ehin's — pm)d.

Proof. From Lorentz force equation, we have

1 0w
Vep(t) x V,p(t) = (we + Day,sin’p +n,m — nzmw;h%)el

&
Jw
+(’T1ww)(z% — my(we + Doy, +nm)e;

1 .3 o)
+(;(a}e + Dawy,sin’ g + 5,13 — castpw)(zg)q,

where

_dw oy, ow
= @lne +22) + 1) - e+ )G - 1),

1 Jdw 1
"Loo = (we + Vay,sin’ g +n,m — ﬂzww)(zg)(mw — ;sin%)

(=

w
0w

+(mw +;(4)(7r1ww;(2$ — y(we + Dy, +n,7m)

1 o 1
+(g(ws + Day,sin’p +n,m — cosqoa))(z%)(ﬁgw — ;sin‘x(p)A

Then, ™F, is given by
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0w
"Foo = /((ﬂlww)h%fm(weJr1)w)(2+n1ﬂ2)(7r2w+)(4)
F

1.5 1 3 Jw
— sindo)(— 1 _ =
+(mw gl (p)(w(ws + Day,sin’g +n,m — mwwy, 00)
1 s oo 1 .,
+(—(we + V)wy,sin’ ¢ + 75 — cospwy,—)(m30 — —sin’ @))dv.
w do w

In a similar way, we get

ow, 0 0w 1 Oe
2 _ X _ _ .
Vop(t) X ¢(t) X Vig(t) = (mww 6a(w prid +2 % €) — N, w(we+1)(w %

ow | . de ow Jdow, 0 Jo
+2%£)sm p)e; + (mw(we + l)(w%JrZ%e) - n,wwg(w%e+2$s)

dw, 0 ow 1 de 0w | . 4
—N,72)er + (cowa)%(w%e + 2%.5‘) — gw(a)s + 1)(0)% + Z%S)Stn @ — 1,73)es,

where

de 0w 0w & w
N, = ((w%+2%e)(we + 1)—5(

From above equations, we get

e +(we + 1) (w — €))).

ow, 0 ow 1
”’ﬁiﬁ) = (mw— Esirﬁ(p)(n'zwa) %(w%s + 2$£) — 1,y — ga)(ws
Oe [

Ot ow
oe i3 o€ | L0
+1) (0= +2=—¢€)sin’p) + (mw + y,) (Lo (we + 1) (0=—+2=—¢)

o do
ow, 0 ow 1., dw, 0
k0] a(a)%s + 2@8) —1,7) + (m300 — sin go)(cosrpw%(w%e
Jdw 1 de ow | . 4
+2$£) — Ew(a)s + 1)(w0_17 + Z%S)sm @ — N,73).

Similarly, magnetic ¢(t) Landau Lifshitz flux is given by

Oe ow odw, 0
m Ll _ _ i
Fo = /f((ﬂzw + 1) (o (we + 1) (0 66+ 2 % &) — MW do(wdag
0

Jw I ., Jw i 0w
+2$e) —1,7) + (mw — —sin (p)(nzwwg(w%é + 2$e) — 1,7

1 0 0 1 0 2
— o(we + 1)(w£ + 2£e)sin3(p) + (mo — ;sin‘g(p)(cosq;w 0—:(_)((0%8

ow 1 oe 0w | . 4
+2$£) — Ew(weJr l)(w% + 2$8)sm @ — 1,73))dv,

which completes the proof of the theorem.
In the light of Theorem 3.2, we express the following important results.
e The Heisenberg magnetic ¢(t) flux surface condition is given by
3 Jow 1.,
(=(we + Day,sin’p + n,m — mwwy,—)(me — —sin’ @)
w do w
0w
+(mw +;(4)(mma);(2£ — my(we + 1V)wy, +n,m)
+(l(w8+1)a) in*p + 73 — o, a—w)(frwfi”)—o
- W8I @ + 1,3 — cospwy, pRAE wsm @) =0.

o The Heisenberg magnetic ¢(t) Landau Lifshitz flux surface condition is given by
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Fig. 2. Spherical magnetic ¢(t) Landau Lifshitz flux with ideal conductor.

| B w, 0 Jdw 1

(o — sin qJ)(nzme(aJ%e + 2%6‘) — 7 — gw(we

0 0w de 0
“)(“’ai”a €)sin’p) + (mo +)(4)(ﬂ4a)(w£+l)(wa—+2a—w €)
ow, 0 ow 1., dw, 0

—T WO %(a)%s + de) —1L,m) + (M0 — L (p)(coscpwg(w%s
Jw 1 de ow | . 4
+2$€) —Ew(we-&- 1)(w%+ Z%E)sm @ —n,m3) =0.

Therefore, we have the following corollary.

Corollary 2. Gauss’s law of the ¢(t) Landau Lifshitz flux closed surface is presented by

ﬁ((ﬂ2w+x4)(34w(we+1)((0?4—23 ) — ﬂlww%(wa—i_s
+2?TC;8) — 1) + (mw — %Sinsq’)(”zwwz%(ma%e * 2%8) o
ol )05 25N g) 4 e — ') cosg 5o e
O T v

For numerical work, the above systems are often used spherical magnetic flux density. Spherical magnetic ¢(t) Landau Lifshitz flux
is usually derived using the properties of the divergence-free nature of the magnetic field along with the definition of the spherical
magnetic flux density. To obtain the visualization of the evolved systems of the magnetic ¢(t) flux ™ we use the basic numerical
algorithms to solve the above equations at Matlab and Comsol software. This approach presents the results of the magnetic ¢(t) flux
™ F 4 on the spherical magnetic flux density and magnetic field of an ideal conductor at minimum density are illustrated in Fig. 2.

Case 3. Spherical magnetic ¢(s) flux with Heisenberg spherical Landau Lifshitz model

Theorem 4.3. The spherical Heisenberg magnetic ¢(s) Landau Lifshitz flux ™F’ M) is given by

de o
'"]-'f,;'fs) :/((ﬂzw + 1) (m1 @ (e (wa—+2—aw ) + 20°
F

0w o, ,
) ~2005)

iz

+ﬂ4a)—w(w% + Za—we)) — (mo — isz‘rz3</1)(zr2w(ew (wa— + 26_(0 €) + ZwZa—w)
o do w do do

W, , w dw, O¢ Jw 1., ,, Oe
+2w(—g) 1 +—$( a—+20—6)sm @) — (7r3a)7;sm @) ((ew (H)%

0 7 0 0 0w o
+2—(;)e) + 2a)2—(;))costp +2 i)( A R €)sin’p + Zw(—w
w

2
96" 36 " “ 0 36) ™))V
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Proof. By some calculations, we have

RTINS AR
Vah(s) % Vi(s) = (m (e orie +22) — 062+ mm(0 (e +L2) — ey,

,é(%)w)(l - w%))sin%)el + (nz((;%)w(;(le +%) _ wgaa%)) — mo(@(ye
+%) —e0’y)) + m(%}w){l - w%}))(@w +x)+ (,;3(‘;7‘;’0)%8 4 %)
Flux density of ¢(s) is given by
"Ly = (ﬂl(g—?w(zle +%) - we%—i)) + mw(w(y,e + %) — ea'y,) — %((Z_Z)w)(]

00, i LI do Yoy _ 090 _ 2
—w—)sin’ ¢)(m @ —sin @)+ (ﬂz(ao_ oy e+ 06) we 6t) mw(w’(y,e

ot
oy, 5 ow 0w ow o, ow
22— piy,) + mlqe o, — 05Des + (ms(Soote + 22) — )
oy 1 ow o, . 1 .
+cosp(w*(y,& + a—;) —ea’y,) — ;(% oy, — w;)smﬁp)(mw - ;sm%p).
Using above equation in phase, we obtain that
m _ 0w %, 0w > 9, 2
Fao = [ (sl Gratne + %) - 0e) - moo(i e + %) - ewt)
ow ow 0w oy, 0] 2 O
+”4(00 oy, — at))(nza) +14) + (mi( s oy e+ 0(7) we Ot) + mw(w’(y, e+ ao)
1 0w 0w 1 0w ay. 0w
_ 2 R aded N ein3  _and - A2 g
e')) — —(500p, — 0 D)sin'g) (o — —sin'p) + (13S0 ne + 22) — 0
ay. 1 0w Jw. . 1 .
+cosp(w*(y,& + a—;) —ew’y,) — E(% oy, — wE)szrﬁ(p)(mw — ;suf(p))dv.

Also, Landau Lifshitz model for ¢(s), we get that
"Lyt =B Vi(s) X h(s) x Vi(s).
By using the relations of Lorentz force, we get

(s) x V2(s) = (ﬂlw(wﬁJr Za—ws) - %U a—wsin3(p)el + (ﬂzw((og—;

do do do
ow ow Oe ow 2w dw
2— 20m— —+2—¢) —— —sin’p)e;.
+ e €) + Cl)ﬂ400_)32 + (mo(w % + % €) gL @)es

On the other hand, cross product are

Vo(s) x ¢(s) x Vf,d)(s) = _(”21”(8(02(0’2787 + 23%8) + 20)23—(::) + Za)(g—(;))zm
+g 3—?((4)3—2 + 23—6;_)8)Sin3(p)61 + (myw(ew? (mg—z + 23—(;)8) + 2(1)2%)
,2(1)(3—(;))27[2 + mw%(wg—; + 2%5)).32 - ((ng(w% + 23% )
12020059 + 2 %20 % 2% eysin'g + 2000 e

Also, we find that

Optik 240 (2021) 166634
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Fig. 3. Spherical magnetic ¢(s) Landau Lifshitz flux with ideal conductor.
1, Oe ow 0w ow
’"E%) =—(mw— Esm%)(ﬂzw(e(oz(w% + 2%8) + 2w2$) + 2a)($)2ﬂ1
® dw, Oe 0w de 0w 0w
+E g(w% + 2$£)sin3(p) + (mw +)(4)(ﬂ1w(8a)2(a1% + 2%8) + ZwZ%)
ow, Oe ow 1 Oe
-2 2 —(w—+2—¢)) — — —sin® (0 —
a)(a ) T+ M aJ(w aa—&- % €)) — (mw sin ¢)((ew (a)aa
ow 0w w dw, Oe 0w | . 4 0w, ,
+2$£) + 2w a)cos(p + - g(w% + 2$8)sm ¢+ 2w($) T3).
Thus, we immediately obtain that
. Oe ow ow 0w
fﬁé) = /f((r:zw +)(4)(7r1w(sa)2(w£ + 255) + szg) — 2&)(%)27[2
dw, Ode 0w 1., ,, 0¢ 0w ,00
+ﬂ4w$(w% + 2$6)) — (mo — =l @)(mw(ew (w% + 2$8) + 2w %)
0 ow, 0 0 1 0
+2w(a—(:)2ﬂ1 + g %(w i +2 £e)sin3(p) ~ (130 — —sin'ep) (60 (@ a_i
o) Jw w 0w, O¢ o . . Jw
+2%e) + 2&)2%)00540 +— g(a)g + ZEE)smM) + 2w(%)27r3))dv‘

This proves the theorem.
In the light of Theorem 3.3, we express the following important results.
e The Heisenberg magnetic ¢ (s) flux surface condition is given by

1 dw

dy. 0w oy
> oo 2 o,

Jdw i i ) )
(m($a)(;(le +%) — we 61) + mw(w ()(16-&-%) —ew’y,) —

p

99 i3 _ Ll Jo Yoy 00 2
[0} at)sm @) (mw 25 @) + (ﬂz(aaw(;(le+ 66) we 0t) mw(o(ye
o, ) ow ow ow o, ow
+00) £ )(])+ﬂ,'4(06£0)(1 ® at))ez+(n3(aaw()(,e+ 66) we 01)
+eosp(@ (e +22) — c0iy,) — - ay, — 022 sint o) (msw — sin'p) = 0
cosp | pe 1) = 5,00 o s e)(ms Zoime) =0.

o The Heisenberg magnetic ¢(s) Landau Lifshitz flux surface condition is given by
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1., de O 26(4) ow
7(ﬂ1w7;sm @) (myw(ew® (wa—+20— €) + 2w % —) +20(

® dw, Oe 0] Oe ow 0w

— —(w=—+2—2¢)sin’ (00— 42— 20*—
+— 00( e + . €)sin’ ) + (mw + y,) (mw(ew’ (@ 6(7+ % €) + 20°=—)
0w, , dw, Oe Jw 1., ,, Oe
2(1)(%) ™+ mmg(w% + Z%E)) (m0 sin @) ((e0’ (@ %

ow 0w ® 0w, Oe ow | . 4 0w, |
20—5) +20° g)cos(p+—$( %+20—e)sm ga+2w($) 73)=0.

Finally, we have the following corollary.

Corollary 3. Gauss’s law of the ¢(s) Landau Lifshitz flux closed surface is presented by

]i((ﬂzw + 1) (Mm@ (e’ (w?.g-zgﬂ )42 23‘;’) 20 ((())c;))
+ﬂ4a)£(a)g—§+ 23—?8)) — (mo — %sizf(p)(@w(gw (w;l + 2? )+ 200 %)
+2w(g—(§)2ﬂ1 + g 3—60( g—; + Zg—we)sin3<p) — (mw — ésin3(/))((5w2(wg—z
+23—e) 20 %)Covq) +2 gi’( 37"";+ 2%6)%3(/] N 20}(3—‘;’)2n3))dv W

For numerical work, the above systems are often used spherical magnetic flux density. Spherical magnetic ¢(s) Landau Lifshitz flux
is usually derived using the properties of the divergence-free nature of the magnetic field along with the definition of the spherical
magnetic flux density. To obtain the visualization of the evolved systems of the magnetic ¢(s) flux " F ;) we use the basic numerical
algorithms to solve the above equations at Matlab and Comsol software. This approach presents the results of the magnetic ¢(s) flux
™ F 4(s) on the spherical magnetic flux density and magnetic field of an ideal conductor at minimum density are illustrated in Fig. 3.

5. Application to fractional calculus

In this section, the connection between the Laplacian-like non-linear equation the celebrated Heisenberg Landau Lifshitz model
flow is investigated in the spherical magnetic flux density and spherical flow lines. For magnetic ¢ (o) flux surface, we have already
induced solitonic equations that are associated with curves of geometric quantities. If one considers the appropriate limiting and
scaling process then a basic geometric derivation admits the following reciprocal transformation

&e(o,1) 0*e(0,1)

2 p—
50 w pr +¢(o,t)y =0, (€D)

where g—:, is the conformable derivative operator; w and y are real valued constants. In [38]; scientists studied conformable type of
fractional derivative in 2014 as a new definition of local fractional operator. It’s very easier to work with this fractional derivative.
Recently, several studies have been done relatedto conformable type of fractional calculations [39,40].

The definition of conformable fractional derivative of order 0 € (0, 1) defined as the following expression [38],

fle+e™) —f(1)

A 7.
sz(t)_gl_%l e

, f:(0,00) > R. 2)

Some of the features of conformable fractional derivative as follows [38].

a) Dt = "%, YO € R,
b) D’ (tg) = f D¢ + g, D°f,
¢).D’(fog) = t'¢ (1)f (2(1)),

J

d) zDg(g) _ g,Dgf _fthg.

gZ
e Suppose the traveling wave variable:
tS
8(6,!) :u(¢)7¢:67‘}§' (3)

Then, from Eq. (5.3), Eq. (5.1) is turn to an ordinary differential equation for
o’ (¢) + vu (§) — yu($)’ = 0. “

10
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Fig. 4. The 3D graphics for ¢(o, t) analytical solutions of the Eq. (5.1) forw =1,y = 2,v = 1,6 = 0.6. (a) for solution (5.11), (b) for solution (5.12).

Consider the solutions of Eq. (5.4) can write as a series expansion solution as follows,
u($) = Ao + A1G(¢) + MG (§) + BiG(9)" + B.G (), ®)
where Ag,A1,Az,B1,B; are functions to be determined later and G(¢) satisfies the fractional Riccati equation as follows:
G () =&+ G (). ®)

where ¢ is an arbitrary constants.
oN is obtained with the aid of balance between the highest order derivatives and the nonlinear terms in Eq.(5.4).
A few special solutions of Eq. (5.5) are given by;

1) When ¢ < 0,
Gi(p) = —/—&anh(\/~Ep), %)
Ga(p) = —\/—Ecoth(\/=E¢p),

2) When ¢ > 0,
Gi(¢) = éan(\/Ep), ®

Gi(9) = V/écor(V/ép),
3) When £ =0, p = const.,
1
Gs(¢p) = ——. 9
=5 ©

Now, replacing (5.5) and (5.6) into (5.4), by equating the all coefficients of G(¢), we can solve equations. Then we obtain the
following some functions:

VvV dwo 6v V3 + 100va’c
AO - 750(0)( 7} 1 — i! 2 — W (10)
6w vt + 20000* 6>
B = 2 By =~ 50000y
Then by using ¢ = 1, G(¢) = /Etan(/E¢p), we obtain
v 4w 6y v + 100ve’o o
ulg) = 0wy 7 + 5 Etan(\/ép) + W(\/&a”(\/&ﬁ))
6w , v 4200006 o
+7(\/Em"(\/gf/’)) W(\/Etan(\/gr/))) .
From here,
B v dwo 6y t v} + 100ve’c AN
e(o,1) = 750wg+7+§ flan(\/g(ﬂf‘/g))+W(\/&a"(“*v§)) (11)
6w 5, TVt +2000w*c? o,
+7(\/Em”(\/5(f’ - Vg))) - W(\/&a"(\@(” - Vg))) .

11
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— =01
7 =03
— =05
— =07
— =09

=1,0 =0.6). (a) for solution (5.11), (b) for

Fig. 5. The 2D graphic for ¢(o, t) analytical solutions of Eq. (5.1) for different value of t. (0 =1,y =2,y =

solution (5.12).

_ NNy | i
200 ‘[ ||‘ \ | ‘ ‘
| | i W e g ¢
f ."I| ,-"."i\ | ! II | |‘
| iy ! ll', J -1
l \ b
L -_Q:_-;E'-b—g_; — 6=01 -
04 G o) o — 6=025
— 6=05 -3
( — 6=075
— 6=09 -4
— 6=

Fig. 6. The 2D graphic for ¢(o, t) analytical solutions of the Eq. (5.1) for different value of 6. (v =1,y = 2,v =1,6 = 2). (a) for solution (5.11), (b)

for solution (5.12).

By using ¢ = —1,G(¢p) = —/—E&tanh(/—E&¢), we obtain

2 3 2
W) = g+ S/ (=E) + L G E)

+6x—“’(—¢—“:mnh(¢i5¢)>2 D200 (2

50000°y

From here,

i vV 4wo 6y I v + 100vew’c A
(o, 1) = “S0ay + B2 +§((—\/——§mnh(\/—_§(o - Vg))) +W(—\/—_§tanh(\/——§(0 - Vg)))

5 TV 420000 c? 0

6w _
+ 7(—\/:Efa"h(\/?f(0 - Vg))) W(—\/:Ellmh(\/:f(ﬂ - Vg))) g (12)
Figs. 4-6
6. Conclusion

Flows theory an important part of geometric optic, optical physics, and magnetic motion, [41-51]. In our paper, we obtain some
optical conditions of spherical Sa-magnetic Lorentz flux by using directional spherical fields. Moreover, we determine spherical
magnetic Lorentz flux for spherical vector fields. Also, we give new construction for spherical curvatures of spherical Sa-magnetic
particle flows by considering Heisenberg spherical Landau Lifshitz model. Finally, magnetic flux surface is demonstrated in a static and
uniform magnetic surface by using the analytical and numerical results with Heisenberg spherical Landau Lifshitz model.

In our future work beneath this kind of idea, we offer to review spherical magnetic Lorentz flux of St-magnetic particles in de Sitter
space. Another purpose of the future studies will be explore the unified formulations of the systems composed of arbitrary dyons,
magnetic and electric charges of manifolds with magnetic flux lines.
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