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Abstract: This paper deals with the existence of the libration points lying on the plane of motion of
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1.Definition: Before to introduce the exact problem; let us
define first the Kite configuration with classification. Kite
configuration means a quadrilateral with two pairs of equal
adjacent sides and cyclic kite configuration is a kite whose
vertices lie on the circumference of a  common circle.
From different articles of previous authors, it is to be noted
that a quadrilateral is a kite if and only if their diagonals
are perpendicular to each other and at least one of the two
diagonals is a line of symmetry. In some cases, both the
diagonals may be the lines of symmetry. Thus, the cyclic
kite configuration can be classified into two classes.

(i) The kite formed by the combination of one equilateral
and one isosceles triangle. (first kind)

(if) The kite formed by the combination of two congruent
isosceles right-angled triangles. (2nd kind)

2.Introduction: The specific examples of three-body,
four-body, and five-body (configuration or Problem), were
discussed by the researchers of celestial mechanics. Mac
Millon et al. (1932) provided detailed proof of two
theorems for the existence of quadrilateral configuration in
the field of four body configuration. Brumberg (1957)

invented permanent solution of four-body configuration.
For the first time Albouy (1996) examined the symmetric
central configuration of equal masses. According to Long
et al (2002) a convex non-collinear planar four body
central configuration with three equal masses must be a
kite. Additionally, he examined the four-body central
configuration using two equal-mass couples. According to
Chavela et al. (2007), a convex four-body central
configuration must be a kite-shaped quadrilateral if two
equal masses are situated at opposite vertices of the
quadrilateral and at most the mass of one of the remaining
particles is more than the equal masses. Furthermore, it
was demonstrated that the planar four-body configuration
is a convex central configuration and is symmetric about
its one diagonal if and only if the masses of two particles
at the end of the other diagonal are equal. Albouy et al.
(2008) also discussed some properties of a quadrilateral
configuration and established some relations among the
masses of the system. To construct a general four body
problem Pina et al (2009) developed a new algorithm with
the ratios of directed areas and the corresponding scalar
areas and in (2010) they developed coordinates of four
body particles of kite configuration in terms of principle
moments of inertia and Eulerian angles independently. For
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the first time, Cors et al. (2012) examined the cyclic
central configuration in the Newtonian four body problem.
They used the six mutual distances of the particles as their
coordinates and demonstrated that the four point masses
constituting a kite lying on a two-dimensional plane. They
further extended the kite configuration isosceles
trapezoidal configuration. They have also demonstrated
that a line of symmetry must exist in any central
configuration that has two equal masses. By describing the
masses of the central configuration in terms of angle
coordinates. Balint Erdi et al. (2016) extended the work of
Cors et al. (2012) in three cases (two concave cases and
one convex case). They further asserted that the exact
analytical solutions of the four-body configuration are
represented by the obtained formulas. Deng et al. (2017)
demonstrated that the diagonals of a cyclic central
quadrilateral cannot be perpendicular unless the
configuration is a kite by using mutual distances as the
coordinates. Further they verified the same theorem in the
four vertex convex central configuration Hassan(2023)
studied cyclic kite configuration by three theorems and he
expressed the masses of the four particles in terms of a
mass parameter £ and the total mass M of the system as

m =M (1-z)/2,m,=Mu,m, =M (1-3u)/2,m, =M u

. Moreover, he established the coordinates of the four
masses and he in terms of radius R of the common circular
orbit

(R,0), (-R/2,J§R/2),(-R,0),(-R/2,—J§R/2) us

ed his findings to support all of the earlier findings. In
addition, he calculated the mean motion of the rotating
frame lying on the Kkite's plane. Manuara(2024) et al
extended the work of Hassan (2023) by taking the first

body of mass M, in an oblate spheroid and she showed

that how the mean motion of the system is affected by the
oblateness of the first body. It is found that the mean
motion increases with the increase of oblateness. Further
she showed that the axial libration points move away from
the origin due to increase of oblateness parameter A. As
the analytical existence of axial libration points was not
possible hence presently, we proposed to investigate the
existence of non-axial libration points by numerical
method. Particularly by using Python we have shown the
existence of non-axial libration points of the Kkite
configuration of the first kind by drawing contour plots for

different values of £ (0 < 1 <37).

3.The equations of motion of four bodies
forming Kite in rotating frame about z-axis:
X

pz(ml)

€l

R R\ 6,

= /4
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Figure-1
Kite configuration of the first kind having one axis of
symmetry POP, .

Before to derive the equations of motion of four bodies
forming cyclic kite configuration in synodic frame, let us
derive first the gravitational force between two bodies
(spherical both).

Let T =O—Pi(i =1,2,3,4) be the position vector of the i-th
particle and Vij be the potential between two spherical
bodies of mass m and m;(i= j) separated by a
distance - is given by (Mccuskey-1967.pp166)

Gmm. = .
V. =— Li#j=1234) (]

ij

i
WhereFij:F{F’j:OF’j -OR=r1, -1 (2
Let the plane of motion of the four point masses (all
spherical) forming kite configuration rotate with the
angular velocity @ = nk about the z-axis, fij be the unit
vector along the line BP, joining the i-th & j-th point
masses, then the equation of motion of the i-th point mass
relative to the other three point masses is given by

4 OV,

mrr =Y S0 i) ©
i=1 arij

= mn’f Vg Nagp Nop  Nip 4)

aril il arlz i2 6r|3 i3 arl4 i4
Putting i=1,2,3,4 in the equation (4) we get the equations
of motion of four masses m,, m,, m,, m,
relative to the other three masses as
o,, N,. N,. a
22 12 riz"’_ 13 '13+ 14 '14:0
on, on, on,
N, . N,., N,, =
r, = G+ = M + = Gy = 0
Oy Orys Oy
A
ar34
25 aV41 o +6V42 ¢ +6V43 f :6
or, o on
Introducing equations (1) in equation (4) one can find

®)

fy =0
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m, |\, m, \T, m, |F A
nZF’1+G[—22 £+G[—j £+G[—2“J1—:0
r;)r re)r r;)r
12 12 13 13 14 14
m |F, m, \T, m, \T, A
nZF’2+G(—2l £+G(—23 ﬁ+G[—2“]ﬁ:0
r‘2]. r‘21 r‘23 23 r‘24 24
[ m, |T, m, \T. ~
n2g+6[ﬂ2 £+G(—; £+G(—2“Jﬁ:0
31 r31 r‘32 32 r34 r‘34
% m, |T,
+G[ml] + [ j 241G —fjﬁzo
r r, )
rAl 41 42 43 43

Putting the values of m,m,, m,,m, in (6) we get

M u F+{M(1_3‘u)}?
E G 3J3R?* ) ¥ 16R® [ *©
s
M u
+ n
[3@3)“
{l\/l(l—u)}r
3 21
n’f, +G 6V3R

=0

{M(l 3#)}
2R? %

2 M 4 =0
+| —— |,
(MRJ“
(M@= . (Mu
Ve (R |
n’f, +G =0
Mu .
+(?)rs4
I M(l—ﬂ)} ( M u )
—— ZF + T,
n2r+G{6‘/—R3 S ABERE
‘ LIMA-3m)]
T

Now choosing units of masses lengths and forces in such a
way thatm, +m, +m, +m, =M =1,2R =1,G =1 then the
four masses are reduced to

1-u 1-3u

m, = vmzzlu'ms:T'mAZ/l

and above four equations are reduced to

o] e o {22 o -
| S

0, + H(lzﬂ)} +(8u)y + (810)T, } o

2 41— ) 8u _0
o[ e

Introduction of (2) in (7) yields

(6)

U]

Q-3 |, -
( ](I’ _r) { }(rS_rl)
n°F, + 33 2 =0
(5g)e-o
41— u)} , |
{ (F-1)+{40-3u)}
N, + 33 g =0
_ _/-I = =
_(3 2)+[3 3](4 r,) | @)
(L)) P N
n2r.3+{ 2 }(rl 3)+(8/1)(r2 i) _H
+(8ﬂ)(f4—fe,) ]
41— p) - Bu ). o
{ -+ 2 -0 |
+{4(1-3u)} (F, - T,)

Now by arranging the above four equations in the form of

linear combinations of position vectors I, T, I3, I, the

equations of motion of four bodies forming kite are
respectively

{nz 16p 1- 3y}1+8_yrz+1—3,ura
33 2 33 2
8u . -

—", =0

33

3\5 33 33
. 8u . &

+4(1-3p)r, +—=r1, =0
( LT, 3\/54 ©)

1—-p. o - 1 .

T“q+8ﬂ2+[n2—7“—1e }3

+8uf, =0

41-p). 8u
and r+——=r +4(1-3u)r,
3\/5 1 3\/52 H
A1-p) Bu }_ A
+nt -2 41-3u) |F, =0
{ N YRR

The system of equations (9) represents the equations of
motion of four particles forming kite in rotating frame.

4.Mean motion of the rotating frame containing kite
configuration of the first kind:

To find the mean motion ‘n’ of the rotating frame we have
to express n in terms of £ . In the above four equations of
(9) there are two parameters N, £ other than four position
vectors T, 1, 15, .

Thus, by eliminating T}, F,,T;, I, from the above four

linear combination of equations (9) we get
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a ok 173w B
33 2 33
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b 401-3u) ——
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41-u) 8u
= 2E 41-3 d
3B 33 1-3u)
164 1-3u
where a=n? -—£= - =——— ,
33 2
4Q-p) 8u e 1-p
b=n?- —4(1-3u)-—=, c=n*-—"£_16
373 (1-3u) 33
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&d=n?-2 202 _4(1-3
3B 33 (1-3u)

The equation (10) gives the mean motion ‘n’ of the
rotating (synodic) frame as a function

of o .ie.n=f(w)

The graph of n vs u
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Figure-2

From the above graph of £¢ VErsUS N, n decreases very
showily for O < & <0.13and n decreases rapidly
for 0.13< £ <0.32.

5.The equations of motion of the satellite moving in the
gravitational field of the kite:

To discuss the existence of libration points of the kite
configuration of the first kind we need those points in the
gravitational field of the kite at which all activities of the
infinitesimal body must be stgpped.

P(X.y)

' X
/ P](ml)

%(1“4)\\\\ @
/
Figure-3
Position of the satellite at P(x,y) in the gravitational plane of the
kite.

(10)

Let at any time t, P(x, y) be the position of the
infinitesimal body of mass m moving in the gravitational
field of the four-point masses at B, (X, ¥, ).k =1,2,3,4; be
the positions of four bodies of the kite configuration, then

OP=p,PRP=p

pﬁ k ) _.pk ) @} )
.-,p:X|+yj,pk:(x_xk)H_(y_yk)J

1 1. B 1
X1=_vy1=0;X2=——,y2=_;x3=__,

: ot 12)

1.3
=0X, =—=,y, =—-

Y3 4 4 Y 4

[ Hassan (2023)]
The forces attraction on the satellite of mass m due to the

point masses M, are given by

Gmm — Gmm, . Gmm, p
k:>|:k=_ kpkz_ kpk,

2 3

o Px Px
Where p, is the unit vector along PP .

Therefore, the total force of attraction on the satellite due
to four-point masses at the vertices of a kite configuration
of the first kind is given by

F =

- _Gm mlpl 2:?2 o ms:?s n m4:§74:|
,01 P> P Ps
[A-w)p, ﬂpz

2 T 5 3
=3P, upy
2p; P

The equation of motion of the satellite of mass ‘m’
at P(p) in the gravitational field of the four-point

massesl_Tﬂ,y,%,y is given by
*p p 0@

M| ——+20x—+—x p+ax(dx
{6’[ o F o <P ex(@ p)}

Gm{(l WA, 1P, , A=340P; | ﬂ/h}
2p; P 2p;

2 -
3{6&—’0-1-2@ %D+%><p+a)x(a)xp)}
{(1 WA, 15, , [ —&;)mﬂ_ﬂ (14)
2p; P2 2p; Ps
Using (11) & (12) in (14) we get

S0+ § +2(—nyi +nxj) +0—n?xi —n?yj =

(12;?) {(x—%)“ yj}+p£§{(x+%jf+(y—§ﬁ
LT

Ji

[JCRT26A3031 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \

i528


http://www.ijcrt.org/

www.ijcrt.org

© 2026 IICRT | Volume 14, Issue 3 March 2026 | ISSN: 2320-2882

(x 2ny —n’x)i

[ 2,01

(y+2nx n’y)j

j x+1j+[1_33ﬂJ
4 2p; {

o ﬁ( 3
3
-G P (15)
52 s 2)52)
20! )" p\0 4 2p; )7,
+ J
+=| y+—
| Ps 4
Choosing unit of force, so that G=1 & taking scalar
products of I & jwith (15) we get
X—2ny =n x—[l fj(x—lj—%(x+ij—(l_sfj
2p; 2) p, 4 2
b))
X+—= Iy — = x
o) 4) ox
3 1-3 16)
. . Y7, —3u
oo (58 2(-8) (58
? 25
— ﬂ y+£ = _Qy
P4 4 6y

The equations of (16) represent the equations of motion of
the infinitesimal mass in the gravitational field of a kite
configuration of the first kind.

The kinetic potential €2 can be defined as

Q(X, y) :_nz(xz + y2)+M+£+M+i :E
2p P 2p, Py 2

17)

where C is the Jacobian constant.

If the satellite stops anywhere at P(x,Y)

then 2Q(x,y) =C..

Thus, from the equation (17) we have
1- 1-3
nz(x2 + y2)+M+2_’U+M+2_’u=C
P P2 Ps Ps

The equation (18) represents the surface of zero velocity
curves of the satellite. The motion of the satellite can occur
in that region only for which

2Q(x, y) > C &2Q)(x, y) = C gives the curves of zero

velocity of the satellite.

6. Existence of libration points in the first kind kite
configuration:
For libration points we have x=%=0,y=y=0 then

from the equation of (16) we have,

(18)

:>nzx—l_f(x—lj—%(x+l)—l_3;u
2p; 2) p, 4 2,
(x+ij—ﬁ3[x+lj:0
2) p, 4
(19)
gy - Hy ﬂ(y—ﬁj -
2p; P 4 2
4 4

The points of intersection of the equations of (19) give the

position of libration points of the kite.
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Figure-4
The positions of seven libration points indicated through the
intersection of Q =0 &Q =0 for  4=010
&n=1.879308 .Here black dots (P,i=1,2,34) represent four
bodies forming kite and four pink spots L, (j =4,5,...,7) represent
non axial libration points.

1.0+

0.5 4

B L
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d \
/ \
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| /)
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Figure-5
The position of nine libration points indicated through the
intersection of Q =0 &Q, =0 for
#=0.13 &n=1.8703261 .Here black dots ( P,i=12,34)

represent four bodies forming kite and six pink spots
L,(j=4,5,..,9) represent non axial libration points.
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23 0.23 |1.59404 0.252152 |-0.55925 |1.94889 3.89778 Exists
24 [0.24 [1.563348 [0.264494 |0.572065 |3.1755 6.351 Exists
104 25 [0.25 [1.532041 |0.27714 -0.5849 1.920492 |3.840984 |Exists
26 [0.26 |1.500082 |0.290155 |0.597822 |2.947988 |5.895976 |Exists
27 10.27 |1.467426 |0.303607 |-0.61089 |1.886607 [3.773214 |Exists
1 28 ]0.28 |1.434027 |0.317575 |0.624162 |2.750074 [5.500148 |Exists
057 B 29 [0.29 [1.399831 [0.332143 [0.63771 [2.659635 [5.319269 |Exists
30 [0.3 [1.364779 [0.347409 |-0.6516 1.824665 |3.64933 Exists
[Ls m \ 31 ]0.31 |1.328802 |0.363486 |-0.66591 |1.800781 [3.601562 |EXists
=~ 00 2 e . 32 [0.32 |1.291824 |0.380507 |0.68071 |2.410366 |4.820731 |Exists
|7 u /
|
—0.5 - J/ Li_i_,/
Data for existence of non-axial libration point |_5 (X5, y5) by using
Python.
~1.0 Table-2
SN.| u n X Y Q C |Remark
—1o —05 0.0 05 1.0 1 0.01 {1.908937|0.018715-0.40933 |1.871892(3.743784|Exists
. " 2 0.02 {1.905315|0.033261|0.406282|1.908717 |3.817433|EXxists
™ o of thirt ::_;)gutr_e-G ints indicated throuah 3 |0.03 |1.901802(0.045526]0.404156| 1945841 3.891681 | Exists
theeirﬁzilse:(?tr;o% of I:)eeno I&I’g IOIZ) F])cglrn S_II’(I) 2|ga € roug 4 0.04 |1.898384|0.056352|-0.40276 |1.916274 |3.832548|Exists
T v 'fl_ ' 5 0.05 [1.89505 |0.066202(-0.40198 |1.929083(3.858166|Exists
& n=1682760 . Here black dots (R,i=1234) represent 6 |0.06 189179 [0.075363|0.40176 |2.002421|4 184842 |Exists
four bodies forming kite and ten pink spots 7 |0.07 |1.888594(0.0840260.402056 2. 154177 | 4.308354 | Exists
L,(j=4.5....13 represent non axial libration points. 8 |0.08 |1.885454(0.002319|-0.40282 | 1.963535|3.927069 | Exists
9 0.09 |1.882361|0.100333|0.404006|2.301598{4.603196 | Exists
1.04 10 |0.1 |1.879308|0.108129-0.40555 |1.983856(3.967711|EXxists
11 ]0.11 |1.876288|0.115746{-0.40739 | 1.993348(3.986696 | Exists
0s | 12 10.12 |1.873296|0.123207{0.409449|2.601403(5.202806 | Exists
13 ]0.13 |1.870326|0.130525(-0.41166 |2.011131{4.022262 | Exists
14 10.14 |1.847462|0.1434 |-0.429 |2.012025{4.02405 |Exists
noee 15 |0.15 |1.821047|0.156395|-0.44678 |2.010342|4.020684 Exists
16 |0.16 |1.794242|0.168838(-0.46309 |2.007261 |{4.014522|Exists
031 17 ]0.17 |1.767031|0.180929(-0.47834 | 2.002825 [4.005651 | Exists
18 ]0.18 |1.739394|0.192808(-0.49282 |1.997067 |3.994134 | Exists
1.0 19 ]0.19 |1.711311|0.204579(-0.50672 |1.990007 {3.980015|Exists
20 (0.2 |1.68276 |0.216329|0.520214(3.678459|7.356918 |Exists
-lo 05 00 05 10 21 |0.21 [1.653715|0.228131|0.533401|3.5636447.127288 Exists
X
Fi 7 22 |0.22 |1.624152|0.240051|-0.54639 [1.961106|3.922213 |Exists
. v % S 23 [0.23 |150404 |0.252152|0.550249|3.301424| 6 602848 | Exists
The position of eleven libration points indicated through e e o o BET e
the intersection of © =0 & =0 for x=031& gl ' - ; ; XISt
1328802 H black dot (P . 23 4) tf 25 |0.25(1.532041(0.27714 |0.584902|3.05763 |6.115261 |EXists
n=1. .Here plack aots ( P,I = represent Tour -
i i i =5 o p 26 |0.26 |1.500082{0.290155|-0.59782 [1.904254|3.808508 | Exists
bLod!es4 SforlT'?g res::tenon aanqal I'Slrg?':)n g!grs spots 27 |0.27 |1.4674260.303607|0.610888|2.845824|5 691648 | Exists
()= Xlal 1 1 Ints. -
‘(J 5, 1) Tép P 28 |0.28 |1.434027(0.317575|-0.62416 [1.867501|3.735002 | Exists
29 (0.291.399831(0.332143|-0.63771 |1.846877|3.693754 |EXists
Data for existence of non-axial libration point L4 (X4, y4 ) by using Python. 30 (0.3 [1.364779]0.347409]0.6516 [2.573472(5.146943|Exists
Table-1 - 31 |0.31]1.328802|0.363486|0.665906 |2.490656|4.981313 |EXists
S.N n R -
U A X, Y Q |C emer 32 [0.32 |1.201824|0.380507|-0.68071 | 1.775126|3 550252 | Exists
1 ]0.01 |1.908937 [0.018715 |0.409329 |1.877695 |3.75539 Exists
2 [0.02 |1.905315 |0.033261 |[-0.40628 |1.887922 |3.775843 |Exists
3 [0.03 [1.901802 [0.045526 [-0.40416 [1.902616 [3.805232 [Exists Data for existence of non-axial libration point L6 (XG, ye) by using Python.
4 |0.04 [1.898384 [0.056352 |0.402755 |1.988732 |3.977465 |ExXists Table-3
5 [0.05 |1.89505 0.066202 [0.401977 |2.037472 |4.074944 |Exists n Remark
6 [0.06 [1.89179 [0.075363 |-0.40176 |[1.941172 [3.882344 |Exists sn | Xs Ys Q c
7 _]0.07 |1.888594 ]0.084026 |-0.40206 |1.952633 [3.905266 |Exists 1 0.01 | 1.908937 | -0.30853 | 0.393918 | 2.143811 | 4.287623 | Exists
8 0.08 |1.885454 |0.092319 [0.402822 |2.223557 |4.447115 |Exists 2 0.02 | 1.905315 | -0.32414 -0.37538 2354511 | 4.709021 | Exists
9 ]0.09 |1.882361 ]0.100333 |-0.40401 |1.973929 [3.947857 |Exists 3 0.03 | 1.901802 | -0.33419 | 0.361271 | 2.204686 | 4.409373 | Exists
10 [0.1 [1.879308 [0.108129 |[0.405551 [2.389553 [4.779107 Ex?sts 4 0.04 | 1.898384 | -0.34178 -0.34955 2.467245 | 4.934489 | Exists
11 [0.11 |1.876288 [0.115746 |0.407389 |2.488908 [4.977815 |Exists 5 0.05 | 1.89505 -0.348 0.33936 2234072 | 4.468144 | Exists
12 10.12 [1.873296 [0.123207 |-0.40945 |2.002432 |4.004864 |Exists 6 0.06 | 1.89179 -0.35335 | 0.330221 | 2.242876 | 4.485752 | Exists
13 |0.13 |1.870326 |0.130525 |0.411663 [2.729091 [5.458181 |Exists 7 0.07 | 1.888594 | -0.35811 | 0.321854 | 2.248839 | 4.497678 | Exists
14 |0.14 |1.847462 [0.1434 0.429 2.955133 |[5.910265 |Exists 8 0.08 | 1.885454 | -0.36245 | 0.314069 | 2.252409 | 4.504819 | Exists
15 |0.15 [1.821047 [0.156395 |0.446782 |3.212118 |6.424236 |Exists 9 0.09 | 1.882361 | -0.36647 | -0.30673 | 2.608051 | 5.216102 | Exists
16 |0.16 |1.794242 |0.168838 |0.463086 [3.458718 [6.917436 Ex!sls 10 0.1 1.879308 | -0.37026 -0.29975 2622484 | 5.244969 | Exists
17 [0.17 |1.767031 [0.180929 |0.478337 [3.650891 [7.301782 |Exists 11 0.11 | 1.876288 | -0.37387 | 0.203042 | 2.251437 | 4.502874 | Exists
18 [0.18 |1.739394 [0.192808 |0.492816 |3.750814 |[7.501627 |Exists 12 0.12 | 1.873296 | 0.04416 0.221381 | 2.07612 4.15224 Exists
19 [0.19 |1.711311 [0.204579 |0.506725 |3.751921 |[7.503842 |Exists 13 0.13 | 1.870326 | 0.060263 | 0.248422 | 2.137961 | 4.275922 | Exists
20 10.2 [1.68276 0.216329 [-0.52021 |1.981659 |3.963318 EX?SIS 14 0.14 | 1.847462 | 0.064304 | -0.24742 | 2.02243 4.04486 Exists
21 [0.21 |1.653715 [0.228131 |-0.5334 1.972026 |3.944052 |Exists 15 0.15 | 1.821047 | 0.066922 | -0.24362 2.027086 | 4.054171 | Exists
22 10.22 |1.624152 |0.240051 |0.546385 |3.433067 |6.866134 |Exists 16 0.16 | 1.794242 | 0.06944 0.239884 | 2.193282 | 4.386563 | Exists
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17 0.17 | 1.767031 [ 0.071866 | -0.23621 [ 2.035952 | 4.071904 [ Exists [[21 [ 0.32 | 1.291824 | -0.41812 [ 0.086355 | 1.700178 | 3.400357 [ Exists |
18 0.18 | 1.739394 | 0.07421 | 0.232592 | 2.224788 | 4.449576 | Exists
19 0.19 | 1.711311 [ 0.076479 | 0.229014 | 2.239978 | 4.479957 | Exists
20 0.2 1.68276 0.078678 | -0.22547 2.048295 | 4.096589 | Exists Data f ist f ial librati int L9 ( )b ing Pvth
21 | 0.21 | 1.653715 | 0.080814 | 0.221064 | 2.269146 | 4.538292 | Exists ata for existence ot non-axial fibration poin X9 Yg ) by using Python.
22 | 0.22 | 1.624152 | 0.082891 | -0.21848 | 2.055989 | 4.111977 | Exists Table-6
23 0.23 | 1.59404 0.084915 | -0.21501 2.059699 | 4.119398 | Exists S.N. 7 n X Y, o) C Remark
24 0.24 | 1563348 | 0.086889 | -0.21156 | 2.063328 | 4.126656 | Exists 9 9
25 0.25 | 1.532041 | 0.088817 | 0.208119 | 2.322247 | 4.644493 | Exists 1 0.12 | 1.873296 | 0.007779 | 0.100428 | 2.006089 4.012179 Exists
26 0.26 1.500082 0.090702 -0.20468 2.07037 4.140739 Exists 2 013 1.870326 20.38071 20.28021 2.646051 5292102 Exists
27 0.27 | 1.467426 | 0.092547 | 0.201245 | 2.346001 | 4.692002 | Exists -
28 | 0.28 | 1434027 | 0.094355 | 0.197805 | 2.357146 | 4.714202 | Exists ||° | 014 | 1847462 | -0.38256 | -0.27309 | 263968 | 5279361 | Exists
29 0.29 | 1.399831 [ 0.096129 | -0.19436 | 2.080492 | 4.160984 | Exists | |4 0.15 | 1.821047 | -0.38413 | -0.26595 | 2.629302 | 5.258603 | Exists
30 |03 | 1364779 | 0.097871 | -0.1909 | 2.083775 | 4.167551 | Exists [Tg 0.16 | 1.794242 | 0.38565 | -0.25887 | 2.616298 | 5232596 | Exists
31 | 0.31 | 1.328802 | 0.099583 | 0.18742 | 2.387549 | 4.775099 | Exists _
32 | 0.32 | 1.291824 | 0.101267 | -0.18392 | 2.000248 | 4.180495 | Exists ||° 017 ] 1.767031 | -0.38715 | -0.25182 | 2.600684 | 5.201367 | Exists
7 0.18 | 1.739394 | -0.38864 -0.24475 2.582446 5.164892 Exists
8 0.19 | 1.711311 | -0.39012 | 0.237623 | 2.127601 | 4.255202 | Exists
Data for existence of non-axial libration point L7 (X7, y7) by using 9 0.2 1.68276 -0.39162 -0.23039 2.537904 5.075808 Exists
Python. 10 0.21 | 1.653715 | -0.39314 | -0.223 2511422 | 5.022844 | Exists
Table-4 11 0.22 | 1.624152 | -0.39469 | -0.2154 2.481951 | 4.963902 | Exists
n X Q C Remark _
. u 7 Y7 12 0.23 | 1.59404 -0.39628 -0.20752 2.449297 4.898594 Exists
1 001 | 1.908037 | -0.30853 | -0.30392 | 2265077 | 4.531954 | Exists 13 | 0.24 | 1563348 | -0.39794 | -0.19928 | 2.4132 4.8264 Exists
2 0.02 | 1.905315 | -0.32414 | 0.375377 | 2.180658 | 4.361317 | Exists 14 0.25 | 1.532041 | -0.39968 | -0.19057 | 2.373317 | 4.746634 | Exists
3 003 | 1.901802 | -0.33419 | -0.36127 | 2.417807 | 4.835613 | Exists 15 0.26 | 1.500082 | -0.40152 | 0.181266 | 1.93714 3.874281 | Exists
4 004 | 1898384 | -0.34178 | 0.349855 | 2221732 | 4.443464 | Exists 16 0.27 | 1.467426 | -0.40349 | -0.17116 | 2.280164 | 4.560328 | Exists
5 | 005 | 180505 | -0348 | 033936 | 2.507263 | SOL4S6S | Exists | ™97 7028 | 1434027 | -0.40564 | 0.159985 | 1868615 | 3.737229 | Exists
6 006 | 1.89179 | -0.35335 | -0.33022 | 2540227 | 5.080453 | Exists _
- 18 0.29 | 1.399831 | -0.40802 | -0.14729 | 2.163324 | 4.326647 | Exists
7 007 | 1.888594 | -0.35811 | -0.32185 | 2.567452 | 5134904 | Exists i
s e o | ool e | sre T 19 0.3 | 1.364779 | -0.41074 | -0.1323 2.091847 | 4.183694 | Exists
10 | 01 | 1.879308 | -0.37026 | 0.299751 | 2.253518 | 4.507036 | Exists 21 0.32 | 1.291824 | -0.41812 | -0.08636 | 1.897576 | 3.795152 | Exists
11 | 041 | 1.876288 | -0.37387 | -0.29304 | 2633479 | 5.266957 | Exists
12 | 042 | 1.873296 | 0.04416 | -0.22138 | 2.008468 | 4.016935 | Exists
13 QST L5709726F | 0060263 | 024552 \WPOTAPIOR | 4.084227 | EREGS Data for existence of non-axial libration point L10 (XlO’ le) by using
14 | 014 | 1.847462 | 0.064304 | 0.24742 2160421 | 4320843 | Exists
15 | 045 | 1.821047 | 0.066922 | 0.243616 | 2.177008 | 4.354016 | Exists Python. o
16 | 016 | 1.794242 | 006944 | -0.23988 | 2.031589 | 4.063179 | Exists SN | & n . v O C Rermark
17 | 047 | 1767031 | 0.071866 | 0.236212 | 2.200216 | 4.418432 | Exists 10 10
18 | 018 | 1739394 | 0.07421 | -0.23259 | 2.040184 | 4.080369 | Exists 1 012 | 1873296 | -0.37734 | 0.286545 | 2247773 | 4495547 | Exists
19 019 | 1.711311 | 0.076479 | -0.22901 | 2.044296 | 4.088591 | Exists g 81‘5‘ igggi? gjggg ggi’;iz 2-321333 igggggé EX!SIS
R N . -0. -0. . . XISTS
20102 | 100770 | OOT6GT8 | 0225474 | 220477 | 450969 | sl |74 1 0.6 | 1.794242 | -0.48648 | 0.630625 | 2.148669 | 4.207338 | Exists
21 | 021 | 1653715 | 0.080814 | -0.22196 | 2.05219 | 4.104379 | Exists 5 017 [ 1767031 | -048539 | 0646212 | 2.126909 | 4.253818 | Exists
22 0.22 1.624152 0.082891 0.218478 2.283094 4.566188 Exists 6 0.18 | 1.739394 -0.48501 0.660737 2.104781 4209562 | Exists
23 | 023 | 159404 | 0.084915 | 0.215012 | 2.296601 | 4593202 | Exists 7 0.19 | 1711311 | -0.48512 | 0.674614 | 2.082178 | 4.164356 | Exists
24 0.24 | 1563348 | 0.086889 | 0.211561 | 2.309655 | 4.61931 Exists 8 0.2 1.68276 -0.48557 | -0.68809 2352723 | 4.705445 | Exists
25 | 025 | 1532041 | 0088817 | -020812 | 2066883 | 4.133765 | Exists 20 g-;; 12221;2 ‘g-igggé g-;giggg g-gig;g‘l‘ i-g;ggj‘; EX!SIS
. . : -U. k . . XIStS
26 | 026 | 1500082 | 0.090702 | 0.204682 | 2.334365 | 4.66873 Estts m 053 15940 ~ofes12 W0 712569 | Lomsers 139705 | Exicte
27 ] 027 | 1467426 | 0092547 | 020125 | 2073796 | 4.147502 | BXists |[™15 17024 | 1563348 | -0.4898 | -0.74093 | 2.248219 | 4.496439 | Exists
28 0.28 1.434027 0.094355 -0.19781 2.077168 4.154335 Exists 13 0.25 | 1.532041 -0.49132 -0.75437 2.218547 4.437095 Exists
29 | 029 | 1399831 | 0.096129 | 0.194357 | 2.367791 | 4.735583 | Exists 14 0.26 | 1500082 | -0.49301 | -0.76807 2.187413 | 4.374826 | Exists
30 0.3 1.364779 | 0.097871 | 0.190897 | 2.377929 | 4.755857 | Exists 15 0.27 | 1.467426 | -0.49486 | -0.7821 2.154781 | 4.309562 Ex!sts
3 | 031 | 1328802 | 0099583 | -0.18742 | 2087025 | 417405 | Exists is g;g i-gggggz ‘g-igggg 067559{515)5?; ;-ggjgg i-izgggi EX!SIS
. . . -U. -U. . . XISTS
2 32 | 1.201824 101267 18392 2396645 | 4793201 | E -
2 103 21824 | 00I207 | 018002 | 2306045 | 470201 | Bxs ™18 [ 0.3 | 1364779 | 050146 | -0.82711 | 2.04743 | 4.09486 | Exists
19 0.31 | 1.328802 -0.50404 0.843406 1.7562 3.5124 Exists
20 0.32 | 1.291824 | -0.50684 | -0.86055 1.967323 | 3.934646 | Exists

Data for existence of non-axial libration point L8 (XS y y8 ) by using Python.

Table-5 Data for existence of non-axial libration point Lll(Xﬂ’ yll) by using

S.N. Remark
“ n X, Ys Q c Python.

1 0.12 | 1.873296 | 0.007779 | -0.10043 | 2.001893 | 4.003786 | Exists Table-8
2 0.13 [ 1.870326 | -0.38071 | 0.280212 | 2.242615 | 4.485231 | Exists | SN. | n Xy Vi Q C Remark
3 0.14 | 1.847462 | -0.38256 | 0.273095 | 2.227449 | 4.454897 | Exists
4 0.15 | 1.821047 | -0.38413 | 0.265947 | 2.209726 | 4.419453 | Exists | [l 0.12 | 1.873296 | -0.37734 | -0.28655 | 2.641275 | 5.282549 | Exists
5 0.16 | 1.794242 | -0.38565 | 0.258869 | 2.190872 | 4.381745 | Exists - .
6 0.17 | 1.767031 | -0.38715 | 0.251818 | 2.170901 | 4.341802 | Exists | | 014 | 1847462 | -0.49372 | 0501532 | 2.192224 | 4.384449 | Exists
7 0.18 | 1.739394 | -0.38864 | 0.24475 2.149813 | 4.299627 | Exists | B 0.15 | 1.821047 | -0.48877 | 0.613157 | 2.170262 | 4.340525 | Exists
8 0.19 | 1.711311 | -0.39012 | -0.23762 | 2.561543 | 5.123087 | Exists 016 | 1794222 | 0.48648 | 063063 | 2432855 | 286971 Exists
9 0.2 | 1.68276 | -0.39162 | 0.23039 | 2.104244 | 4.208488 | Exists _
10 | 0.21 | 1.653715 | -0.39314 | 0.223001 | 2.079709 | 4.159418 | Exists 017 | 1767031 | -0.48539 | -0.64621 | 2416435 | 4.832871 | Exists
11 0.22 | 1.624152 | -0.39469 0.215401 | 2.05395 4.107901 | Exists [ |g 0.18 | 1.739394 | -0.48501 | -0.66074 2396598 | 4.793196 Exists
12 | 0.23 | 159404 | -0.39628 | 0.207521 | 2.026907 | 4.053814 | Exists ,
13| 0.24 | 1563348 | 0.39794 | 0.19928 | 1.998498 | 3.996997 | Exists | | 019 | 1711311 | -0.48512 | -0.67461 | 2.375358 | 4.750715 | Exists
14 | 0.25 | 1532041 | -0.39968 | 0.190574 | 1.968621 | 3.937242 | Exists | 8 02 | 168276 | -0.48557 | 0.688094 | 2.059032 | 4.118065 | Exists
15 | 0.26 | 1500082 | -0.40152 | -0.18127 | 2.329185 | 4.65837 | Exists -
16 | 0.07 | 1467426 | -0.40349 | 0.171163 | 1.903882 | 3.807764 | Exists | | 021 | 1.653715 | -0.48631 | -070135 | 2328696 | 4.657393 | Exists
17 | 0.28 | 1.434027 | -0.40564 | -0.15999 | 2.225339 | 4.450677 | Exists | |10 0.22 | 1624152 | -0.48728 | -0.71451 | 2.303277 | 4.606554 | Exists
18 |020 [ 1300831 | -0.40802 | 014720 [ 183103 | 366206 | Exists [ 023 | 150200 | 048824 | 07267 | 2276256 | 4552911 | Exists
19 | 0.3 | 1.364779 | -0.41074 | 0.132304 | 1.790714 | 3.581427 | Exists _
20 | 0.31 | 1.328802 | -0.41397 | -0.11344 | 2.006659 | 4.013318 | Exists | |- 0.24 | 1563348 | -0.4898 | 0.74093 | 1.960119 | 3.920238 | Exists
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13 0.25 | 1.532041 | -0.49132 | 0.75437 1.933614 | 3.867228 Exists
14 0.26 | 1.500082 | -0.49301 | 0.768068 1.906319 | 3.812638 Exists
15 0.27 | 1.467426 | -0.49486 | 0.782105 1.878189 | 3.756378 Exists
16 0.28 | 1.434027 | -0.49688 | -0.79656 2.12061 4.24122 Exists
17 0.29 | 1.399831 | -0.49908 | 0.811531 1.819214 | 3.638428 Exists
18 0.3 1.364779 | -0.50146 | 0.827108 1.788248 | 3.576496 Exists
19 0.31 | 1.328802 | -0.50404 | -0.84341 2.008285 | 4.01657 Exists
20 0.32 | 1.291824 | -0.50684 | 0.860552 1.722984 | 3.445968 Exists

Data for existence of non-axial libration point L12 (X121 ylz) by using

Python.
Table-9
S.N. P n X, Vi Q C Remark
1 0.14 | 1.847462 -0.54522 0.514416 2.20581 4.411619 | Exists
2 0.15 | 1.821047 -0.56769 0.495212 2.188098 4.376196 | Exists
3 0.16 | 1.794242 -0.58778 -0.47914 2.411264 4.822528 | Exists
4 0.17 | 1.767031 | -0.607 0.463839 2.145905 | 4.291809 | Exists
5 0.18 | 1.739394 | -0.6259 -0.44836 2.352227 | 4.704454 | Exists
6 0.19 | 1.711311 -0.64478 0.432119 2.097087 4.194174 | Exists
7 0.2 1.68276 -0.66382 | 0.414628 2.070526 | 4.141051 | Exists
8 0.21 | 1.653715 | -0.68316 | 0.395397 2.042631 | 4.085262 | Exists
9 0.22 | 1.624152 -0.70293 -0.37385 2.203113 4.406225 | Exists
10 0.23 | 1.59404 -0.72323 | 0.349221 1.983133 | 3.966266 | Exists
11 0.24 | 1.563348 -0.74417 0.320443 1.95174 3.903481 | Exists
12 0.25 | 1.532041 | -0.76585 | 0.285803 1.919524 | 3.839049 | Exists
13 0.26 | 1.500082 | -0.78838 | 0.242186 1.886983 | 3.773966 | Exists
14 0.27 | 1.467426 | -0.81185 | 0.182335 1.855489 | 3.710978 | Exists
15 0.28 | 1.434027 | -0.83637 | -0.07098 1.866264 | 3.732527 | Exists

Data for existence of non-axial libration point L13 (X13, y13) by using

Python.
Table-10
S.N. n X, Yis @) C Remark
u
1 0.14 | 1.847462 | -0.54522 -0.51442 2.459936 4.919872 Exists
2 0.15 | 1.821047 | -0.56769 -0.49521 2.436913 4.873825 Exists
3 0.16 | 1.794242 | -0.58778 0.479141 2.167935 4.335871 Exists
4 0.17 | 1.767031 | -0.607 -0.46384 2.383023 4.766046 Exists
5 0.18 | 1.739394 | -0.6259 0.44836 2.122244 4.244487 Exists
6 0.19 | 1.711311 | -0.64478 -0.43212 2.318884 4.637767 Exists
7 0.2 1.68276 -0.66382 | -0.41463 2.282968 | 4.565936 | Exists
8 0.21 | 1.653715 | -0.68316 -0.3954 2.244415 4.488831 Exists
9 0.22 | 1.624152 | -0.70293 0.373846 2.013472 4.026945 Exists
10 0.23 | 1.59404 -0.72323 -0.34922 2.15888 4.31776 Exists
11 0.24 | 1563348 | -0.74417 -0.32044 2.111437 4.222874 Exists
12 0.25 | 1.532041 | -0.76585 | -0.2858 2.060329 | 4.120657 | Exists
13 0.26 | 1.500082 | -0.78838 -0.24219 2.004739 4.009479 Exists
14 0.27 | 1.467426 | -0.81185 -0.18233 1.94285 3.885701 Exists
15 0.28 | 1.434027 | -0.83637 | 0.070982 1.832798 | 3.665596 | Exists

Conclusion: In section-1 of this paper kite has been
defined and classified. In section-2 the previous works
have been reviewed starting from Mac Millon (1932) to
khatun (2024). In section-3 the equations of motion of
each of the four-point masses forming kite relative to other
three in synodic frame rotating about vertical z-axis have
been established. Later on the equations have been reduced
to the linear combination of the position vectors of the four
bodies forming kite. By eliminating position vectors

.1, I, T, from the equations of motion, a functional

relation between £/ & Nwas established in section-4 and
hence N is obtained in terms of £ . In section-5 the

equation of motion and energy integral of the satellite
moving in the gravitational field of the kite have been
established. In section-6 the existence of non-axial

libration points have been discussed with the contour plots
of Q,=0&Q, =0 For 0.01<<0.11 four non-

axial libration points exists whereas for 4 =0.13 six
libration points, for 0.29 < 11 <0.32 & 1 =0.12 eight
libration points and for 0.14 < 2 <0.28 ten libration

points exist respectively. It is to be noted that for only one
value of £ =0.13 six libration points exists and
for 12=0.12, eight libration points exist but for other
numbers of libration points there exists a domain for £ .As
the previous authors khatun & Hassan (2023) worked on
the existence of libration points L, L,, L, lying on the axis

of symmetry (i.e.axial libration points).So we here are
concerned with the non-axial libration points

ie.L,(j=4567,8910).
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