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On the Stability of the Triangular ) |
Equilibrium Points in the

Photogravitational R3BP with an Oblate

Infinitesimal and Triaxial Primaries for

the Binary Lalande 21258 System

Jessica Mrumun Gyegwe, Aguda Ekele Vincent, and Angela E. Perdiou

Abstract [n the frumework of the planir circular restricted three-body problem
(R3BP), we explore (he eflects of oblateness of the infinitesimal mass body as
well us radiation pressure und triaxiality of the two primarics on the posilion and
stability of the triangular ¢quilibrium points (TEPs). IUis found that all the involved
parameters affect the positions and stability of these points. Specifically, it has been
shown that TEPs are stable for 0 < j1 < 2, and unstable for ¢, = 0 < 1/2. where
st denotes the critical mass parameter which depends on system's paramelers. In
addition. all the parameters of the bigger primary, excepl that of triaxiality, have
destabilizing tendencics resulting in a decrease in the size of the region of stability,
Finally, we justify the rclevance of the madel in astronomy by applying it to the

binary Lalande 21258 system for which the equilibrium points have been seen 1o be

unstable.

NMSC 70F07, 70F15. 7T0M20. 70K42

1 Introduction

ith three bodies or masses,

The restricted three-body problem (R3BP) has to do w
wn as the primaries while

Two of the bodies have langible masscs and arc kno
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Flg. -1 (Colour figure online) T T " j

y PA

Positions of Ly 5 of La
21258 tor combined effects of
triaxiality of both primiines
and oblitencess (cise § nl
Tuble 2). bluc colour ¢y =
D.NOK, &> = (0.0006, Wy =
0.006, s = 0,004, ind

Ar = 0.01; red colour

) =003 ¢y =0.02, Y =
0.015, ¥- = 0,0(
A3 = 0.05; bluck colour

¢y = 0,05, dry =

0.035. ¥, = 0.03. Wn = 0.02,
and Ay = 0. |
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Table 3 The cigenvalues 4y s, Ly g ol Eq o00) tor Lalande 21384 system
@ ¢ ¥ v A e ax

0.008  0.006 _0.006 0.004 |0.01 —0513933 £ 0668413 0.513933 £ 0.868413;

—

0.03 002 0015 |0.01 [0.05 =0.574577 £0.679048i |0.574577 £ 0,379043i

0.05 10,035 1003 (002 0.1 -0.642373 £0.890376i | 0.6:2373 £ 0.89037i

009 005 004 [003 015 | —0.684338 £0.899161i | 0684338 £0.899161i

radiation, i.c. ¢) = g2 = |, Ax = 0. then we will get the results obtained by

Elshaboury ct al. [?]. Also. m the presence ol the Coriolis and centrifugal Torces

when (he two primarics are oblate spheroids, namely gy = g2 = 1, @ = ¢,

¥ = W, our results will tally with those given by Abouclmagd and Guirao [1].
Finally. in the absence of radiation forces when the smaller primary body is an
oblate spheroid and if the Coriolis and centrifugad forces are taken also into account,
ic.gy =q2 =1, A3 = 0, ¥, = ¥, our resulls are in agreement with thosc of
Singh and Begha [29]. In a future correspondence, we intend to extend our results
by studying the families of short and long periodic orbits emanating from triangular
cquilibrium points. Furthermore, a natural extension of our present work would be
also to incorporate the Poynting-Robertson relativistic correction in the radiation

lorce and study how this strengthened Torce affects the location and stability of the

respective equilibria,

References

1. E.I. Abouclmugd, J.L.G. Guiriio, On the perturhed restricted three-body problem. Appl. Math.

Noulinear Sci. 1, 123=144(2016) . . .
2 E.L. Abouclmagd, J.L.G. Guirao. AK, Kumar, Penodie solution ol ihe nonlinear Siutnikoy

restricted three-body problem. New Astrun, 75, 101319 (2020)


https://v3.camscanner.com/user/download

-1

3

3

- N. Bello. ). Sinsh, On motion iraund the ¢

4
J. M, Gyegwe etal.

ALAL Ansan, SN, Praud, C. S eh. Verical motion of the variable mfinitesimal mass 10 the
cireulir Sttmhkov problem. Appl Appl. Math, 15, 13961406 (2020)) .
, 2, Bello, A A _l_:,,f_. Collinear cqulibiium poinis in the relativistic RIBP when the bigger
primary istrianaal agid body. Inte Frone Ser, Len 11 45-56.(2017, i}
ar cymlibnum paints in the relativicue RIBP

c
with a smaller tnuaial primary Int. Front, Sci. Leit, 13, =11 (2018)

6. M.T de Busto, J.L.G. Guirao, J A, Vera, The spatial Hill Lunar problem: Periodic solutions

cmerging fram equilibria. Dyn Sys1. 32, 340-353 (2017)

7.G S Devi, R. Singh, Location of cquilibrium points in the perturbed photogravitational circular

8.

restricted ?c_._r.:._ ol three bodies. Bull Astr. Soc. India 22, 433437 (19%4)
Eurth Trojun, hiips e il e o b o Retrieved on the 18th of August,

2020

9. .M. Elshaboury, E.1, Abouclimigd, VS, Kalantanis. E.A. Perdios, The planir restricied three-

10.

12

13.

14.

15
l16.
17.

18.

19.

20).

21

23;

23,

24.

25.

::r_.v. problem when both primaries are triaxial rigid bodics: cquilibrium points and penindic
orbits. Astrophys, Spitce Sci. 361,315 (2016)

I Guo, ¥ Wang, Approximine analytical periodic solutinns (0 the restricted three-hody
problem with perturbation, obliteness, radigtion and varying miss, Universe 6,110 (20200
E-Gaound R- Wang, Bilurcation analysis and periodic solutions of the HD 191408 <ystem with
tnaxial and radintive perturbations. Universe 6, 35 (2020)
V.S, Kalantonis, Numerical investigation for periodic orbits
Universe 6, 72 (2020)

V'S. Kalantonis, A.E. Perdiou, C N. Douskas, Asymplatic orbits in Hill's problem when the
lurger primary is 1 source of radiation, n Applications of Nenfinear Analysis, ed. by T Rinssius.
Springer Optim. Its Appl., vol. 134 (2018), pp. 523-535

V.S, Kaluntonis, AE, Perdiou, E.A, Perdins, On the stability of the tnangular equilibnum
poinis in the clliptic restricted three-bady problem with radiation and oblstenese, w Meathe-
muatical Analvsis and Applications. ed, by T. Rassias, P. Pardalox. Springer Optin. lis Appl..
vol. |34 (Springer, Cham, 2019), pp. 273-256

AL Kumar, A K. Sharma, Stbility of iriangular equilibrium points in the photogravitationul
R3BP when both primaries are oblite spheroid and effect of radiation. Rom. J. Acoust. Vib,

17, 10-15 (2020)
R. Mia, B.S. Kushvauh, Stability and Fourier-serics periodic solution in the binary stellur

systems. Few-Body Syst. 57, 851-867 (2016)

Z.E. Musiclak, B Quarles, The three-body problem, Rep. Progr. Phys. 77, 065901 (2014)

A. Nurayan, A. Chukaraborty, A Dawangiin, Pulsating zero velocity surfaces and fractal basin
of ablate infinitesimal in the cllipuc restricted three-body problern. Few-Body Syst. 59, 43

in the Hill three-body problem.

(2018)
K. Nishimura, S. Satoh, K.Yiumada, Analysis of a distant retrograde orbit in the Hill three-body

problem. Actit Astronaut, 170, 365-374 (2020)
N. Pathak, S.M. Elshaboury. On the tnangular points within frame of the restneted three-body
prablem swhen both primaries are triaxinl rigid bodies. Appl. Math. Nonlinear Sci. 2. 495-508
(2017) . .

i Sitnikov family and the

E.A. Perdios, V.S. Kalantonis, Sell-resonant bifurcations of the
appearance of 3D isalas in the restricted three-body problem. Celest. Mech. Dyn. Astron. 113,

377-386 (2012) , o
E.A. Perdios, V.S. Kalantonis, C.N. Douskos, Strmight-line oscillations generating three-
dimensional motions in the photogravitationul restricted three-body problem. Astrophys. Space
Sci. 314, 199-208 (2008) S o

M.A. Raliman, DN, Gamin, MR, Hassan, Stability and periodicity in the Sinikoy three-body

i Snice Sei 33 IR
problem when primaries are oblite spheraids. Astrophy s, Spice Sei 353764 012015) ‘
T, Suced, E.E. Zotos, On the equilibria of the restricted theee-body problenwith a tranial ngid

body—I. Oblate primary. Resulis Phys. 23, 103990 (2021 .
H.H. Sclim. J L.G. Guirio, E.L. Abouclmagd, Libration points w the restricted three-body

prohlem; Euler angles, existence and stability. Diser. Contin. Dyn. Syst. Ser. A 12, 703-710

(2019)


https://v3.camscanner.com/user/download

Stability of the Trianpula Equilibrium Points tor the Binury Lulunde 21258 System 415

20

27.

28,

29

4. The Lagrange puints, Kips v v

M. Shahbaz Ullah, KB, Bhatnagar, MR, Hassan, Sitnikov problem in the cyclic Kile
contiguration, Astrophys. Space Sei. 354, 301309 (2014)

R.K.' Shamu, ZA, Tagvi, K.B. Bhatnagar, Existence and stability of libration points in the
restncted three-body problem when the primiaries are tringial rigid badies, Celeat. Mech, Dyn,
Astron. 79, 119-133 (2001 '
. Singh, The equilibrium points in the perturbed RIBP with triaxial and luminous primirics,
Astrophys. Space Sei. 346, 41-50 (2013)

J-Singh, JN Begha, Periodic orbirs around the collimear libration points, Astrophys, Space

Ser. 33 511-519 (2011

-, Singh, A.E. Perdiou, J.Ml. Gycegwe, V.8, Kuluntonis, Periodic orbits around the collinear

cquilibnum points for binary Sirjus, Pracyan, Luhman 16, d-Centuari and Luyten 726-8
systems: the spatial case. J. Phys. Commun. 1, 025008 (2017)

.. Singh, ALE. Perdiou, J A Gyegwe, E.A. Perdios, Periodic solutions around the callincar

cquilibrium points in the perturbed restricted three-body problem with triaxial ind radiuting
primarics for the binary HD 191408, Kruger 60 and HD 155876 systems. Appl. Math Comput,
325 358374 (2018

2.0 Singh. AN Simceon, Motion around the inangular equilibrium points in the circular

restricted three-body prublem under trixial luminons primances with Poynting-Roberson drag
Int. Front Sci. Lew. 12, 1-21(2017)

+J. Singh, A. Umar. On “out of plane” equilibrium points in the elliptic restricted (hree-body

problem with radiating und oblate primanes. Astrophys. Space Sci, 344, 13-19 (2013)
speccacademy netaudibvarv/notesNagroep i Retdeved

on the 241h of May (2020

- M.S. Suruj. R, Aggarwal, A. Mittal, M.C. Asique, The perturbed restricted three-body problem

with angular velocity: analysis of basins of convergence linked ta the libration points. Int J.
Non Lincar Mcch. 123, 103494 (2020)

. V. Szebehely, Theory of Orbirs (Academic Press, New York, 1967)
- G. Voyatzis. | Gholias, H. Varvoglis, The dynanies of the elliptic Hill problem: periadic orbits

and stability regtons. Celest, Mech. Dyn. Aswran, 113, 125-139 (2013}
Z. Nuctang, Y. Lizhong. Photogravitational restricted three-body problem and coplunar

librution poinis. Chin Phys. Lete. 10, 61-06- (1993)

- K. Zahra, Z. Awad, HLRC Dwadar, M. Radwan, On the swbility of trizngular paints of the

restneted relativistic elliptic three-body problem with triaxial and ablte primaries. Serb.

Astron, 1, 195, 47-52 (2017) ' . ‘ .
E.E. Zatos. E.I. Abouclmiagd, N.S. Abd El Motelp, Introducing 4 new venion ol the restricted

‘ three-body problem with & continuition [ruction potentinl, New Astron. 81, 101444 (2020) .
E.E. Zotos, A.F. Steklain, On the nature of the motion of u test particle in the pseudo-Neswtonian

Hill system. Astrophys. Spice Sci. 364, 184 (2019) . ' o
E.E, Zotos. M.S. Surp, R, Agganwal. A, Midal, On the convergence dynumics of the Sitnikos
problem with non-spherical primaries. Int. J. Appl. Compul Mith. 5,43 (2019) . ‘
E.E Zotos, M.S. Suraj. N Jain, Ro Agganval. Revealing the Newton-Raphson basins of

'cnm-agcncc in the cirealir pseudo-Newtomim Sitmkov problem, Int. ) Non Linciar Mech,

103, 43-5(2018)

(8 CamScanner


https://v3.camscanner.com/user/download

