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In this article, we firstly consider a new theory of spherical electromagnetic radiation density with an antiferromagnetic spin of timelike
sphericalt-magnetic flows by the spherical Sitter frame in de Sitter space. Thus, we construct the new relationship between the new type
electric and magnetic phases and spherical timelike magnetic flows de SitterEpats®, we give the applied geometric characterization

for spherical electromagnetic radiation density. This concept also boosts to discover of some physical and geometrical characterizations
belonging to the particle. Moreover, the solution of the fractional-order systems is considered for the submitted mathematical designs.
Graphical demonstrations for fractional solutions are presented to an expression of the approach. The collected results illustrate that meche
nism is a relevant and decisive approach to recover numerical solutions of our new fractional equations. Components of performed equation:
are demonstrated by using approximately explicit values of physical assertions on received solutions. Finally, we construct that electromag-
netic fluid propagation along fractional optical fiber indicates a fascinating family of fractional evolution equations with diverse physical and
applied geometric modeling in de Sitter spaiie
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1. Introduction fect of the torque of magnetic divergence for light propagating in a
magnetic optical fiber detecting a magnetic trajectory was extended
An ideal optical fiber has perfect circular symmetry. The po-[2]. Ross improved a totally geometric system to investigate the re-
larizations are completely degenerate. Perturbations and impewersion in the coiled optical fiber with a fixed-torsion and endorsed
fections during the fabrication process may introduce anisotropicits effects with several measurements in the fiber angle into a mag-
which are mostly of a linear or Cartesian type. Sometimes, largaetic fiber. Tomita and Chiao [3] summarized the previous review
linear anisotropic are introduced on purpose, either by modifiebf Ross for more universal fiber shapes. Also, Chiao and Wu [4] ob-
core geometry or by mechanical stress, to get linear polarizationtained a new important theoretical phase of the results of geometric
maintaining fibers, also called high-birefringence or hi-bi fibers.phase torque. Apart from preceding researches [6-10], we request
Bending and squeezing optical fibers does also introduce linear birghat a new electromagnetic phase with an antiferromagnetic chain.
fringence. Rotational effects of polarization, however, are in general  Optical fiber investigates, phase is mostly observed by a car-
less common and more difficult to produce and to understand.  rier of new electromagnetic particles and their features. Some non-
In recent times, the advancement of glowing lasers and the utiinear evolution structures are frequently committed as design to
lization of optical fiber mechanics have attended to immense imporestablish substantially complicated scientific developments in di-
tance on flow propagation by curled fluid flows and space-curvedyerse provinces of disciplines, particularly in genuine-state physics,
Exclusively torque forces of the geometric phase of isolated lightchemical physics, plasma physics, optical physics, fluid mechanics,
anholonomy with some optical fibers have been investigated; thetcetera. Having an advanced perception of the brief substances,
substance of numerous papers insensitive of their compositions alid&ewise their gradual operations in analytical operations and gen-
efficient or analytical. For illustration, Smith [1] examined that the uine administration in a constructive generation, it is excessively
torque of divergence of light generate on monochromatic opticafascinating to satisfaction explicit solutions of approximately sys-
fiber immerse bundle the supervisor is convinced by the electromagems. Thus there endures no comprehending and unified approach
netic fields thanks to the magnetic particle present flows in some opio demonstrate exact solutions of all nonlinear transformation sys-
tical fiber present transformer. It was still completed that the presentem analysts operate a diversity of diverse concepts [11-23].
is commensurate to torque, which is regular of the order of numer- It is remarkable that in numerous fields of physics, the utiliza-
ous scopes. Another preliminary substantiation of the geometric efions of approximately wave interpretation and its reactions are of
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comprehensive importance. Traveling any wave solutions are a con- *Lorentz force¢ of at-magnetic particlevith the magnetic field
sequential variety of representative with some partial differential as& is presented by

pect and distinct nonlinear fractional differential equations (FDES)

have been established to a selection of traveling some wave im- é(y) =t+06n,

provements. Thus, flood waves are commonly immensely signifi-

cant of all-instinctive phenomena; they have a superordinary elegant ¢(t) =7 +en,

mathematical construction. #(n) = —By +et,
Fractional geometry perturbs the operations of derivatives and

integrals of optional order. Over the latest several decades, it ob- G'=ey—pt—n,

tained enormous recognition because of its numerous modeling in

distinct scientific competitions. Arbitrary-order designs are softervhereg = h(¢(v),n).

integer-order designs. FDEs appear in various mathematical and Putting force equation

modeling regions comparatively physics, geophysics, polymer rhe-

ology, biophysics, capacitor theory, aerodynamics, medicine, non- mVst = qt x B+qF,
linear vibration of earthquake, supervision theory, vital fluid flow
phenomena, superelasticity, and magnetical districts. For the in
tensive study of its utilization, we introduce comprehensive works

where

[24-28]. E = ¢y +ekn,
The outline of the paper is organized as follows: Firstly, we €= m+q
consider a new theory of spherical electromagnetic radiation den- g

sity with an antiferromagnetic spin of timelike spheritahagnetic

flows by the spherical Sitter frame in de Sitter space. Thus, we con-  Let(s,t) is the evolution ot-magnetic particlein de Sitter
struct the new relationship between the new type electric and magsPace. The flow of-magnetic particleis given by

netic phases and spherical timelike magnetic flows de Sitter space

S3. Also, we give the applied geometric characterization for spher- Viy = o1t + o2n,

ical electromagnetic radiation density. This concept also boosts

to discover of some physical and geometrical characterizations be¥N€reéx1, x= are potentials. _

longing to the particle. Moreover, the solution of the fractional- 11me derivatives of the spherical frame are produced by
order systems is considered for the submitted mathematical designs.

Graphical demonstrations for fractional solutions are presented to Vit =017+ <% + 016) n,
the expression of the approach. The collected results illustrate that 5
mechanism is a relevant and decisive approach to recover numeri- Viy = o1t + o2n,

cal solutions of our new fractional equations. Components of per-

formed equations are demonstrated by using approximately explicit v.n = (% + 015> t— oay.
values of physical assertions on received solutions. Finally, we con- Os

struct that electromagnetic fluid propagation along fractional optical
fiber indicates a fascinating family of fractional evolution equations
with diverse physical and applied geometric modeling in de Sitte
spaceS?.

* Condition of Lorentz forceg(v), ¢(t), ¢(n) and magnetic
'J‘ Id G" for a rotational equilibrium of the timelike magnetic par-

. . . . . . Vi = (o1 — 0o + 7+U
2. Timelike spherical t — magnetic particlein P0) = (o= abn ﬁ( 1€>
2
Si +([%+sm]+%€) n,

In this section, the orthonormal frame design is explained by the
orthonormal Lorentzian new spherical Sitter frame and the partlclevtd)(t) — —couy + (01 e {@ + 016}) t+ (gt T 02) 7

~ : I — 5% refreshing this spherical Sitter frame equation is defined 0s
as Lorentzian spherical particle. 03 9e

Vsy 01 0]~ Vip(n) = (UIE 8t) v+ ( alﬁ)

Vst | =1 0 ¢ t |, 5

V.n 0 ¢ 0l]|n n (5 {% +016} 502) n,
whereV is a Levi-Civita form ance = det(¥,t, V,t) is curva-
ture of particle [19]. Then products of spherical vector fields are V,Gt = (% — Bo1 + 02) (5 {302 + ED t
presented by ot t oY

y=T An, t=~vAn, n=~AT. +(026_ {74—01 ])m

Assume thaty : I — S7 be a timelike sphericatmagnetic parti-

cle andG be the magnetic field i8? Timelike sphericat-magnetic 802 Oe
particle is defined by Vil = —efouy |G+ eb | HE F el JUH (Loat )N,

Vst =o(t) =G x t. whereg = h(¢(v),n).
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*In this way, the equation for Lorentz force$y), #(T), ¢(N)

and an extensive diversity of nonlinear phenomena in mathemati-
reads

cal physics. This framework combines questions in nonlinear flux

op optics, field designs and sigma models, fluid dynamics, relativity,

Vap(y) =7 + fet + (5 + a) n, electromagnetic wave theory. In this section, we obtain spherical
electric and magnetic radiation density conditions by using Heisen-

=(1+e¢ ) t+ —sn berg antiferromagnetic model.
& Spherical electric and magnetic radiation density are given
:(5 a—ﬂ) (——B)t—i—an by
(az ) v - —ﬂt Ben, o =V.E'-G' x VI

wheres = h(¢(v),n). oG =V,G' G x VI

3. New geometric results with physical appli- _ _ : :
ti & By using density, a new type of spherical electric and mag-
cations netic phase is given by
The geometric density theory, or the theory of density systems, has
had and has an enormous impactin applied physical mathematics

| of = [(F)a  of = [(§)a

New type spherical electric and magnetic phase @f(~)
Theorem 1. The spherical electric and magnetic phasez(of) are given by

«»(Y) _[( efo,

)+—ﬁ)) o, )+%ﬂ)
it
(0,0, B)) +(Eo, + —Zf EXB(o, o,

t oe
ry = [, ~ B

DA aal)+a—ﬁ))f(s ) C (G
t Os

+
)é’t

+(O—1 -

oo,
NG, =0, ) + s> +0,8)s.
Proof. Definition of magnetic antiferromagnetic spin is given by

Vid(y) = ¢(7) X Vso (7).

Then, it is easy to see that

d(7) X Vsp(y) = (E + % - 526) v — Bt —n.

Straightforward computations lead to

0 0 0 0
+£—ﬁ6_01—025 %—&-015:—1, (802+ >+£:—1.

On the other hand, the magnetic-total phase along Lorentz greeis indicated by

A5y = [ [ ow)- 6" x Tiotdp

G x Vipln) = (B2 + 016) = B2 +c1) + I+ (2 +con) + )

With some calculations, we have

0
+ (01 = 2Pt + (Blor — 02B) +eB( + ).
Magnetic anholonomy density gf{) is given by

55 = (U2 +c0) + L) 4 (91 + 028)) + (81 — 02) + B2 + 1e))

Also, we present

7] 7] 7]
1 = [[ (2 + o0y + L)+ o1+ 028) + 85001 — 026) + 02 + 1e))dp.
Spherical electric and magnetic radlatlon density are given by
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o5, = —to, (ﬁ Lo )+—)) (o,

+(0y -0, )+ (o, + E “ ) plo, -

By :(6—5—;601 +a;)(ﬁ(@+a s)—ﬁ((—2+sa1)+a—f))—(s —a—ﬁ— 5; 2 o6 ))(s((—+eo,)+—ﬁ
G;ﬁ’)+5ﬁ(%+ais))-

+(oy —

By magnetic anholonomy density with an antiferromagnetic model is obtained

Gtx¢(7)xvo¢(7)=(2€+g—f—ﬁ2 )t+@(a£_ﬁ)

After antiferromagnetic condition, we obtain

GGG = 6(7) - G* % 6(7) X Voo(7).
By this way, we conclude

t 0
AFRSGo) = (2e + £ - B%) +p* (

(@)

Similarly, we can easily obtain that

AFRAM“/) = // —pB%)+ 8 (85 ﬂ2€))dp.

As a reaction, we get the following impressive results.
Theorem 2. Electromagnetic radiation density ¢('y) is

EM

éﬂ)

. oo, 0
%% 1 ooy - B ; +eol)+%))—(§ol+e§( a‘: +6,8))

o (B0,

1+ L)

5))+( —ﬁal +0,

- (50_1

o
t )

Theorem 3. The antiferromagnetic spherical electric and magnetic phag¢-dfwith antiferromagnetic spin are given by

t oa,
0%, = [eer L proyeo, - Lo Co raen (s - BC e HL - s,
e L. piayi o, +—§)ﬁ(aﬁ ).

Proof. Spherical electric and magnetic radiation density with an antiferromagnetic model are given by

t 6ﬁ 6/)" op
gy el g oD B,
RO, =~ (o, s+ L - prey+ o, + L opCL - pe),
If we use above theorem, we may give the following corollary:
Corollary 1. Electromagnetic radiation density with an antiferromagnetic model is
t = ﬂ 6ﬂ ao_') 6ﬁ
e ) o)A )
2 8
+§fﬁ-s>+(§az —«:)/3("3 pe).

Spherical magnetic anholonomy density and time tikeagnetic particldlows in kernel of magnetic quadrupole for timelike spherical
evolution with Lorentz forceb(y). Spherical antiferromagnetic density is provided by the antiferromagnetic density algorithm in Fig. 1.
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FIGURE 1. Spherical electromagnetic radiation density wjift)
Magnetic antiferromagnetic spin for ¢(t)
Theorem 4. Spherical electric and magnetic phases¢f) are given by
t oe oo O¢ 0, do oe
Qsf(t) - J‘((E_ﬂo-l +0,)(0; +&( asz +015)—ﬁ(5+02)) - (&0, _a_f_(a_';"'o-ﬁ))(g(g'f'az)_go’z)
do, do,
+(026 - B( T g,8)) (o, +&( T 0,8))— feo,))dg,
et do, o¢ oo, oe
Q¢(t) = _‘-(_(0-1 + S(E +0,8)— ﬂ(E +0,))eé0, — (&0, + &&( o5 + 018))(5(5 +0,)-¢&0,)

0o,
Os

Proof. Magnetic antiferromagnetic spin is given by

Vig(t) = o(t) x Vso(t).

+ (60 + 206000+ 522 + 016~ oo s

By definition, we get

9=

2
8st (1 —¢e")n.

B(t) X Vi(t) = —e(1+ %)y +
Furthermore, we have that

—e0y = —e(1 + &%),

% =01+ s(% +o1¢),
% +o002=-1-— e
The previous system becomes
o2 = (1+¢%),
% =01+ s(% + o1€),
% = —2059.

Magnetic total spherical phase for forgét) is obtained by

A5 = [[ 606" x Visap,

We can immediately check that

Rev. Mex. Fis67 050703
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(Df;(ti) = (g - po, +0,)(o, +5( +crg) ﬁ(f-io- ) - (0, _%
6;; 5))(5(a+02)—502)+(525—ﬁ( =

05, - (Gi+5( : y TR ﬁ(fﬂf NEso, —(ffﬁﬁfé’( +01€))(E(*+0) £0;)

+(éo, + —.f)(g(cr + g( 2 +0,8)) - fec,).
Hence, we compute

;T 02)) +e(e(or + 8(% + 01€)) — Pegz)).

¢ 0 Oe
S5 = (o1 +e(52 toie) - B(5 95

Js 1o}
From the magnetic total phase, we obtain

A5 = [[ (14252 +010) = 85 +0) + slelor + 252 + 1)) = o).

It follows that
0 0
G' x 6(t) x Vap(t) = (5 = B+ + (e — B +M)n.
Similar to the above, we calculate
v Oe Oe
A5 = (52 — B+ M) +eles —eB(1+2).
This implies that

NGy = [[(Ge = B+ ) + (e b1+ ).

As a reaction, we get the following impressive results.
Theorem 5.The electromagnetic radiation density¢z(ft) is

R = (@20~ S +o( S0~ o)+ (2 —ﬂ01+0’2)(01+€(6;2+0’15)

_ p0e _ _% 60‘2
ﬁ(at+62)) (g0, o (69 1))(8( +Uz) £0,)— (01+5 as

£)

—ﬂ(aa—jwz Veto, - (o, +s§

+U ,)—€0,)+ (o, + 5)(8(0‘ +g( % +05)) peo,).
Theorem 6. Antiferromagnetic spherical electric and magnetic phasﬁ(b)fare given by
AFR QG‘

b = J((*—ﬂa to )(f—ﬁ(lﬂ? N+ (0,6~ ﬁ( +01 ))(8——€ﬁ(1+8 D)l

AFR QE

= |((=-p01+¢&* cZ_pa s ,+— de.
o = & o~ P+ et eboy (e aB(l+ 2oy + - ENds
Proof. Spherical electric and magnetic radiation density with an antiferromagnetic model are given by

AFR §,G' —
@ = ( - Bo,

Pow —(g—ﬁme Do, + (2 22— p(L+ 5o +55>.

Under the antiferromagnetic condition, then we obtain that

G X (1) X Vi x (1) = (92 = B+ )y + (5 —B(1+2)n.

Corollary 2. Electromagnetic radiation density with an antiferromagnetic model is

TTEMR,, = ("z**ﬂ(agz *ms))(%*eﬂ(uen) +(6%f—aﬂ(1+gz)>(§oz +aa—fé)

+(%_ﬂ01+Uz)(%_ﬂ(l+52))_(2_?_ﬂ(1+82))g§02'

Spherical magnetic anholonomy density and timelikeagnetic particleflow in the kernel of magnetic quadrupole for timelike spherical
evolution with Lorentz forceb(t). Spherical antiferromagnetic density is provided by the antiferromagnetic density algorithm in Fig. 2.
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FIGURE 2. Spherical electromagnetic radiation density wjim).
Magnetic antiferromagnetic spin for ¢(n)
Theorem 7. Spherical electric and magnetic phasep6ii) are given by
t Oe 50'7 0
o, = j (e (- )~ (o,  +ae)(oe - L)

D+ (o, + —§)(a(— ~o,p)+ (o - —ﬁw» de,

t 0
s, = | («—"’—a]ﬂ) -p &)= o~ fo + o)~ (@16 - L D)
_ _/3_ il _GA
x (&0, ot 26 ﬁ o o p)+(oe o )B))ds.
Proof. From spherical Sitter frame, we obtain
Bln) x V() =y — 0%t — (e~ Dt 52— .
We instantly calculate
Vo) = (010 = D)y 4 (% —oupt+ (%2 1 010) — o
Combining the above relations, we get
o= = T =g, (B2 i)~ for= (e~ e+ Bl — )
Magnetic total spherical phase for spherical Lorentz far@e) is presented by
3G = / / s(n) - G¥ x Ve(n)dp.

Consequently, we have

G x Vipl) = (52— 1) — B2 + 1) — o)y + (o — 00)

3] 0 0 0
(e 4 010) — o))t + (<92 + 1) — fo))t+ (20 — 1) + (o — )p)n.

By further calculation, we have that

o¢ oo 0
CD:(t\) = 5_01/3)_/3(3 2 p

O¢ oo,
&) - :80'2))(5 - ﬂo-x + 0'2)—((0'18 - E) oo g(g(g +0,8)

- oo, = _op
Boy)) (o Ty &) +(o,e— alg))(g( o.p) +(0,6 - )B),
0
05, = -son (o, - (o, o -2

§)= fo))+ (&0, + —g’)( (— —o,P)+(o6- —ﬂ),b’)

+ g(s

Rev. Mex. Fis67 050703
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These equations are equivalent to

902

55 = —B((% —o18) = Ble(5 B Do

2 4 012) - 02) — e((one — o +e(e( 52 +ore) — fow)).

We immediately compute

A5ty == [ — 1) = B2 +010) = o)) — el(ore = 5) + (e 52 + 012) = o)),
By using a spherical Sitter frame, we give
G x 90 % V() = (B((c ~ Lye 4 B — )~ B2y + (& — (e~ D)+ 82 — o).

We immediately compute the density, namely

AFRég(tn) =—B(B((e — 275)5 + [3(% -B)) — ﬂEQ) - E(ES —e((e — gff)g + B(% = B)))-

Since, we instantly arrive at

AN = — [ [0 = SDe+ 852 = 8)) = 0%) + (" = el(e = G+ A5 — B,

As a reaction, we get the following impressive results.
Theorem 8. The electromagnetic radiation densitygi(fn) is

EM Ry = (602 + 50 (e(5 ~018) + (012 = 918) + (5 — 018) = Be(52 + 016) = o)) (5 — o + )
~ (1= G+ o524 1e) = pom))(eon — 5 — (52 4 1)) + (o2 = G2 + 1))(e(5; — nP)
+(o1e = D))~ etoa((Ge — 01) ~ B2 + 016) — 502)) — (o1 + <652 + 012))
% (o1 — %f + a(a(% + o1€) — foa)).

Theorem 9. Antiferromagnetic spherical electric and magnetic phasg(nj are given by

902 + 016))(58—2 —eB(1+¢€%)))dc,

‘ 0 9
AFRQq?(n) - /((37&; — fBo +02)(£ = B(1+5) + (022 — B( 0Os 9

a8 = [(-(Ge - B+ N)eton + (57 — b1+ D)(eor + SO,

Proof. By antiferromagnetic model, we get

G 6(1) X Vao(0) = (B((e — e+ B2~ B) — B2 + (&~ elle — e+ 82 — )t

Spherical electric and magnetic radiation density with an antiferromagnetic model are given by

t 8 8 2 a 8 2
AR et =(ﬂ((s—a—f)s+ﬁ(a—f—ﬂ))—ﬁ8 (- oy + 0= @ —ets - Lo+ ﬂ(i—j—ﬂ)))(sal L9899 54y,

0Os ot 09
AFR 4 E 9 % 2 90, 3
Of = e (Ao~ Lo+ o~ - o) - o+ st C22 4 o0 — oo - L+ HEE- ).
s Os Os Os Os

Corollary 1. Electromagnetic radiation density with an antiferromagnetic model is

AFR — do, 3 9 0 3 op Os op oo,
EMR,,, = (¢, +&&( ; +0,6)(e —8((8—a—f)€+ﬁ(6—j—ﬂ)))—(s —ee =2 e+ B~ P60, == (S +0)

+ (0~ Loz B2 - )~ o+ ) - (Bl - Lo+ pEE- ) - e,
s Os ot os Os

Spherical magnetic anholonomy density and timelikeagnetic particleflow in the kernel of magnetic quadrupole for timelike spherical
evolution with Lorentz forceb(n). Spherical antiferromagnetic density is provided by antiferromagnetic density algorithm in Fig. 3.
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FIGURE 3. Spherical electromagnetic radiation witfin).

4. Optical Soliton for Extended direct algebraic method with Fractional Equation in S?

In this section, we design perturbed fractional solutions of the nonlinear evolution equation governing the propagation of solitons by magnetic
fields of the polarized light ray traveling in spherical fractional optical fiber. The traveling assumption concept is operated to gauge analytical
soliton solutions. Then numerical duplications are also contributed to complement the rational outcomes. Also, we deal with the following

evolution equations of Lorentz fore&n).

5§") = —2032, es = 01+ (025 + 016), t>0, 0<n<l.

wherez\" is the conformable derivative operatar£ (s, t)) andos = o2 (s, t). We consider; = o5,
e =20y,  e.=o02+e(02s+0o2e), t>0, 0<n<l. 4.1)
The conformable derivative of ordere (0, 1] is defined as the subsequent interpretation [23]

Clt+0t' ™) = ¢(t)
19 )
Some of the components of conformable derivatives are in such a way [29,30].
a) D"t =at*" Vn € R,
b) +D"(¢x) = GD"x +x: D¢,

) +D"(Cox) =t ()¢ (x(1)),

¢:(0,00) — R. (4.2)

D f(t) = Jim

d) D" <£> _ xtD"¢ _ZCtDnX
X X
e Assume that the traveling wave variable is
n
(st =ul@),  o=s-Q" . oas)=0(0), (4.3)
By usingu(¢) andv(¢), we have
A(u, ugp, Upp, Uppg, ---) =0,  B(0,04, V¢, Vs, - --) = 0. (4.4)
e Recognize the solution of Egs. (4.4),
N N )
u(@) =Y wG'(e), v(g)=>_ BG(e), (4.5)
=0 =0
wherea,, # 0, 8. # 0 andG(¢) can be defined as:
G'(9) = In(A)(fG*() +XC(¢) +0),  A#0,1, (4.6)

whered, x, f are arbitrary fixeds.
Some solutions of Eq. (4.6) are given by:

Rev. Mex. Fis67 050703
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1) If x> — 49f < 0andf # 0, then

Gi(9) =~ + V2 (‘(X;“f)(ﬁ) o Galey =~ Y (‘(X‘M%) |

2) If x* —49f > 0andf # 0, then

G3(¢) — _% + 7VX24;47‘9f (tanhA |:\’Xz4ﬁf

3) If¥f > 0andf = 0, then

Ca(d) = ﬁ (tama[2y/T76] £ VAT seoal2/TF4]).

4) If 9f < 0andyx = 0, then

Ga(9) = ﬁ(cothA [2V/~0f6] £ VAQeseha[2y/ 9 4]).

5) If ¥ = fandy = 0, then

N —

G6(¢) =

o 2] o [2])

6) If 9 = —f andy = 0, then

G7(¢) = — tanha(99).

7) If x* = 49f, then

_ X¢ ln(A) +2
Cs(0) = =20 (A

8) If x =k, ¥ =mk, (m #0) andf = 0, then

Go(p) = A* —m.

9) If x =f=0,then

G10(¢) = 9pIn(A).
10) If x =9 =0, then
) =y
11) If ¥ =0, andy # 0, then

Ax

Chal@) = = f(cosha(x¢) — sinha(x¢) +A)

12) If x =k, 9 =0andf = mk (m # 0), then

A AR
C1al0) = g nawe

Rev. Mex. Fis67 050703
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Remark. The generalized hyperbolic and triangular functions are defined [29];

sina(¢) = 7AAi¢ ;iQA‘i¢7 cosa(p) = 7AAM) ZQA_M),
tang(6) = i RAT—0A T cota(e) = iga oA
seerd) = x g o ©A0) = xir g
sinha(g) = SATZOAT o (g - 2ATH QAT
secha(¢) = W, cscha(¢) = m’

By placing the above equations, we have

20(¢) — Qu'(¢) =0
W (@) — u(d)' () — v(d)u(9)? — v(¢) =0 4.7)

The solutions of the above equation be a finite series as follows:

u(g) = ;G (9),  v(@) =) B (@), (4.8)

whereG(¢) satisfies Eq. (4.6p = o — Q(t"/n) anday, §; for j = 1, N are values to be definited.
Putting

u(p) = a0+ 1G(¢),  v(8) = Bo+ LG (e) + B2G(8)%, (4.9)

whereG(¢) satisfied Eq. (4.6).
Also, solving the above system, we get

Qo = —X ln(A)7 a1 = _2f IH(A), ﬂD = _Qfﬂ h’l(A)Q, ﬁl = _2fX ln(A)27ﬂ2 = _2f2 IH(A)27 Q =2.
New solutions of Eq. (4.1) are presented by:

1) If x> —49f < 0andf # 0, then

e1(s,8) = —xIn(A) — 2f In(A) (X + Mtan/; {Md,})

2f 2f 2
091(s,t) = —2f91In(A)* — 2fx In(A)? <2>;c + @tanf; |:(><22419f)¢}>
2 ne(_x V- wn  [V=oE-ap |\
—2f%1In(A) (Zf + T tan 4 [ 3 ¢]>
e2(s,t) = —x1In(A4) — 2f In(A) (;} + w cota [(X;Mﬁb]) ;
o22(s,t) = —2f191n(A)2 — Qf)gln(A)2 <—2>§c + @ cota |:(X224ﬂf)¢:|) )
2y e (X VO —40]) =7 ]\
—2f7In(A) <_2f+ 57 cota |: 5 ¢:|> .

2) If x> —49f > 0andf # 0, then singular soliton and dark solutions are presented by

Rev. Mex. Fis67 050703
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es(s,t) = —xIn(A) — 2fIn(A) ( X 4 VXE = 49f |:tanhA {M¢} + cotha {M(ﬁ}:D ,

T 2f af 4 4

o23(s,t) = —2f01n(A)* — 2fxIn(A)* (—2’; + @ {tanhA {th‘b} +cothy {\/th
2
— 2f%1n(A)? <_2>} + @ [tanhA {\/%4_7419]0@5} + cotha {\/X24_7419f¢}]) .

3) If ¥f > 0 andx = 0, then the singular new periodic solutions are presented by

ea(s,t) = —gln(A) — 2f1In(A) <\/§ {tanA {ZWQS} +VAQseca {2\/W¢}}> ,
o24(s,t) = —2f91In(A)* + (=2) fx In(A)? <\/§ [tanA {%/W(ﬁ} + VAQseca {%/W(ﬁ”)

—2f%In(A)? <\/§ [tanA {2\/W¢>} + VAQseca {2\/197]”@1)}]) .

4) If ¥f < 0andy = 0, then the dark, bright, and singular soliton solutions are presented by

e5(s,t) = —xIn(A) — 2 In(A) (, / —g [— cotha{2y/—9fp} + mcsch,q{w—ﬁfqﬁ}])
oa5(s, 1) = —2f91n(A)? — 2fy In(A)? (4 /_? [_ cotha {2\/—19f¢} +VAQeschy {2\/—19f¢;H)

—2f2In(A)? (ﬁ [— cotha {2\/—71”(/5} + VAQescha {QW(Z}H) ’

5) If ¥ = f andx = 0, then singular new periodic solutions are presented by

e6(5,1) = —y In(A) — 2f In(A) (% {tanA {gqb} _ cota {gqﬁH) ,

o265, t) = —2f01n(A)? + (=2) fx In(A)> (% [tanA {§¢} —cota {g‘ﬁ}D

—2f%In(A)? (% {tanA {g(p} — cota {§¢}])2 )

6) If 9 = —f andy = 0, then dark and singular soliton new solutions are presented by

e7(s,t) = —xIn(A) — 2f In(A)(— tanh 4 (96)),
oor = —2f9In(A)* + (—2) fxIn(A)*(— tanha(hg)) — 27 In(A)*(— tanha (9¢))>.

7) If x% = 49f, then rational new solution is presented by

es(s,t) = —xIn(A) — 2fIn(A) (49%) ’

X*¢In(A)
In(A) + 2 In(A) +2\°
oas(s,t) = —2f01n(A)? + (—2) fx In(A)> (—w%) — 2f%1n(A)? (—w%) .
8) If x =k, v =mk (m # 0) andf = 0, then the rational solution is presented by

go(s,t) = —xIn(A) — 2f In(A)(A** —m),
029(5,1) = —2f9In(A)” + (~2) Fx In(A)*(A** — m) — 2/ In(A)*(A* —m)>.

Rev. Mex. Fis67 050703
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9) If x = f =0, then rational new solution is presented by

e10(s,t) = —xIn(A) — 2fIn(A)(h¢ In(A4)),
o210(s,t) = —2f91In(A)? + (—2) fx In(A)? (¢ 1n(A)) — 257 In(A)* (9 In(A))>.

10) If x =¥ = 0, then rational new solution is presented by

“uo) = () 2 ) ().

11) If ¥ = 0, andy # 0, then dark like new solitons are presented by

c12(s,t) = —xIn(A) — 2f1In(A) (_ flecosha{x#} — sinha{x¢} + A]) ’

o212(5,1) = —2f9In(A)” + (=2) fx In(A) (_ Flcosha{xé} —Asg;nhA{X¢} + A])

2 2 = 2
20 (T e 78

12) If x = k, and¥ = 0 andf = mk (m # 0), then rational new solution is presented by

ko
c13(s,t) = —xIn(A) — 2f(4) (%) ’

AAK? AR N\?
0'213(5,t) = _2f’l9 111(14)2 + (—2)fx ln(A)2 (m) - 2f2 111(A)2 <m) .

5. Graphical representation of the solutions

The magnetic flow graphics of the performed solutions are demonstrated in the illustrates by applying Mathematica. In Figs. 4-5, we produce
some numerical simulations efs, t) andoz (s, t) in 3D plots wherD < s < 5and0 <t < 5.

2

{3

LE00 i

(e §
s TR

?-(u_l’l;

b)

FIGURE 4. The magnetic flow graphics for the analitical solutions of the fractional (4.1) equatiors f = 2, x = 1) a) e1(s,t), b)
021 (S, t).

Rev. Mex. Fis67 050703
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FIGURE 5. The magnetic flow graphics for the analitical solutions of the fractional (4.1) equdfioss—2, f =1, x = 0) a)es(s, t), b)

025(S,t).

We displayed the some of solutions recovered for the presented fractional (4.1) equations by a conformable derivative operator. Besides,
we showed 3D graphics for some of the solutions in Figs. 4-5. The above figures were dratva-for7, n = 0.8, A=Q = 1.

6. Conclusion

Geometrical models that describe a relativistic magnetic particle may be constructed using the geometrical scalars associated with the em-

bedding of the particle worldline in Heisenberg spacetime as building blocks for the action. In this investigation, we consider a new theory

of optical magnetic spherical antiferromagnetic spin of timelike spherical magnetic flows bfriagnetic particleby the spherical Sitter

frame in de Sitter space. Also, the extended direct algebraic method is used to find new soliton solutions of the fractional (4.1) equations in

de Sitter space. Many partial differential equations are proceeding in mathematical physics and engineering modeling applications [31-46].
We express that the suggested approach is applicable to investigate the plenty of illustrations based on engineering and science.
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