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Abstract
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rational functions and of vector field that are the quotient of some
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1. Introduction

The study of solutions escaping to infinity has been an important tool in
order to understand the global picture of a dynamical system in IR". The
compactification technique consists in writing the equations of motion as
a vector field and then applying the Poincaré compactification, which is
a method to extend analytically the vector field to a compact manifold,
in fact to a sphere. This tool or method is very important to study the
qualitative dynamic of the flow at infinity or in the unbounded part.

The main idea of this method is to identify IR™ with northern and
southern hemispheres through simple projections, then the vector field X
on IR” can be extended to a vector field X on S™; this method is called the
Poincaré compactification.

In [10] dated 1881, Poincaré began the study of polynomial vector fields
on the plane IR?, by means of central projection of the paths on a sphere
52, tangent to the plane at the origin. Thus, he provided the means for
studying the behavior of the field on a neighborhood of infinity, which is
represented by the equator, S!. In different papers Gonzélez [8] and Cima
and Llibre [2] showed that any polynomial vector field on IR™ can be ex-
tended analytically to the n-dimensional sphere. Using these ideas, in the
papers [5], [6], [7] the authors studied the Poincaré compactification for ho-
mogeneous vector fields, in particular for homogeneous polynomial vector
fields and by homogeneous polynomial Hamiltonian vector field. Then, in
each case they give a global expressions for the Poincaré compactification.
As an application, and using the fact that the vector field of the n-body
problem can always be written in the form of a polynomial vector field (see
[9] for example), the Poincaré compactifications for the Kepler problem on
the line and on the plane and for the collinear 3-body problem are com-
puted. The main disadvantage here for obtaining this polynomial vector
field is the use (in general) of redundant variables.

Our purpose in this paper is to understand the geometry of the Poincaré
compactification (see the second section) and to apply this technique to
prove that there exists a Poincaré compactification of vector fields defined
by rational functions and of vector field that are the quotient of some power
of polynomial. We will also give a global expressions for the Poincaré
vector field associated. These results are proved in the third section. In
the fourth section, we show that the main requirement for constructing the
Poincaré compactification of some vector field X is the fact that the rate
of growth at infinity of each component of the field X must be not bigger
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than a polynomial growth, i.e., there exist some polynomial vector field
Y =(P1,...,P,) (n; is the degree of P;) such that

(11) fi(x)

]| 400 Pj(x)

= Cy, jzl,...,n

where ¢; are some constants. In this case we prove that this property on
X implies that it is possible to get the Poincaré vector field P(X).

In the fifth section, we study the behavior of the induced vector field at
infinity in the 2-dimensional case and also we study some generic properties,
namely, generically the equilibrium solutions at the infinity are hyperbolic.

Finally, in the sixth section, we apply this method to study some re-
stricted three-body problems in Celestial Mechanics, but, as we apply this
result directly to rational vector fields, in general we do not introduce re-
dundant variables. The knowledge of the final configurations and velocities
(escaping solutions in the phase space) aim to give a mechanical explana-
tion to observed phenomena in Celestial Mechanics as is the case of the age
and formation of planetary systems, binary stars, comets, etc. Chazy in
[1] gave the first general classification in the 3-body problem when one or
several of the mutual distances go to infinity. In particular he proved that
there exist a great diversity of interesting motions in this particular case of
the n-body problem.

2. Poincaré’s compactification method and a geometric inter-
pretation

Let

(2.1) X(x) = (fi(x),.-., fa(x)),

be a vector field on IR"™, a noncompact manifold, where f; are functions of
C! class in IR"™. First, we identify IR™ with the hyperplane

O={xeR" /2, =0}

in IR"*! which is tangent to the Poincaré’s sphere S = {y € R""! / ||y| =
1} in IR™"! at the north pole. Then, we take the central projection from
the sphere S™ to the hyperplane II, that is, for each point in II we draw the
straight line through this point and the origin in IR"*!, obtaining in this
way two antipodal points in S™, one in the open northern hemisphere H
and the other in the open southern hemisphere H~ of S™. More concretely,
this construction defines the following two diffeomorphism

®t:R" - H", and ® :IR" — H~
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given by,
(2.2)
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Ot (x) = ﬁ(ml, cey Ty 1)
P (x) = —ﬁ(ﬂfl, ey Ty, 1)

where A(x) = (1 + [|x||?)"/2.

Figure 1 : The central projections.

In this form the vector field X induces a vector field X on Ht U H ™~ defined

by
(2.3)

Therefore,

X(y)

- DO (x)X(x), if y=&t(x)
X(Y)_{D(I)—(X)X(x), if §=<I>_(X)~
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where ®*(x) = y, (¢, x) is the integral curve associated to the vector field
X satisfying the initial condition ¢(0,x) = x and Proj,(v) means the
orthogonal projection of the vector v on the subspace W. Note that by
(2.2) we have

T | =dT(x
(25) X = yn+;1 yn+1)y f y ( z
_mu"w—m>a Zf y:® (X)7

so, the function f; in (2.4) must satisfy:

PRI 2 Y = ot (x
08 e DloaE), W y=0
fj 7maaiﬁ>a Zf y:q) (X)

Lemma 1. Under central projection every straight line in the plane II is
mapped on great circle of the sphere S™.

Proof: In fact, the proof is clear because the great circles on the sphere S™
are by definition the intersection of the sphere S™ and a plane, P, through
the center O of the sphere. Then, by definition of the map ®* we have

() c PNnsS™
for every straight line [ in the plane II. [

If we are interested in studying the flow associated to the vector field
X at the infinity, i.e., A(x) = +oo, this problem in the new variables y
over the sphere S™, by means of the change of coordinates given in (2.2),
corresponds to yn+1 = 0, i.e., it is necessary to study the new vector field
X, defined in (2.3), on the equator of S”, i.e., on S"!. However, in
general the vector field X is not well defined on the equator and also it
is not invariant on the equator y,+1 = 0. Therefore, depending on the
vector field X, sometimes it is necessary to modify the vector field X by
an appropriate scalar function such that the new vector field is now well
defined and invariant on the equator y,4+1 = 0. This method is called
Poincaré compactification of X and it will be denoted by P(X); we will
refer to P(X) as the Poincaré vector field.
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Let [ be the straight line in the plane II through the origin, i.e, [ : tv
where v € R" and ||v|| = 1, then

@7 Ot (tv) = ﬁ(tvl,...,tvn,l),
’ O (tv) = —ﬁ(tvl,...,tvn,l).

Supposing that

dT(tv) — £(v,0) as t— Foo,
then

¢ (tv) — F(v,0) as ¢ — Foo.

So, we have the following criterium of continuity.

Lemma 2. (Continuity condition) A necessary condition for the Poincaré
compactification to exist is that for every straight line [l in the plane Il there
is a function A : S™ — IR such that the following limits

tligl AtV Y1 X (T (1))

lm A(tv)yn1 X (D7 (tv))

t—F oo

there exist and both agree.

3. Poincaré compactification for rational vector field and quo-
tient of power of polynomial vector field

Firstly, we will consider the case where f; in (2.1) is a rational function,
which we denote by

Pj(x) _
3.1) filx)=L"L  j=1,...,n
where the degree of P; is n; and the degree of Q); is m;. Letting, m =
max{n;,m; j =1,...,n} we have

Theorem 1. The induced vector field X on S™\ S"~ !, defined in (2.3),
from the vector field X given in (2.1), by means of the differentials of
®* and ®~ with f; given by (3.1), can be extended to the whole of the
sphere after multiplication by ymr_ll, and in such a way that the equator is
invariant.
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Proof: It is sufficient to analyze the term f;(y). Let

Pi(x)= P”+PM(x)+. +P(””<x>,

o 2= QP 4@ 0+ Q")

where Pj(s) and QS-S) are homogeneous polynomials of degree s in the vari-
ables x. By analogy, we will only analyze the case y = ®*(x) . Thus,

() _ () n ) _ 1 p(s)
(3 3) PJ (X) - PJ (yg-lrl"' " yg-u) B ny+1Pj (yl"“ ’yn)
QE‘S) (X) _ QS‘S) (yny}kl Sy ygL) — y;1+1 Q§5)(y1, .. ,yn),
and then,
(0 ) (n;—1)
Un P . +yn+lp‘ (yla"'ayn)
]Dj(ygil""’yﬁl): ynﬂ({)ﬂ j
+P " (ylw-'ayn)}a
(o @7+ A e QY
™5 7’L+1 yn+l yl? L )yn)
Qj (yi}il e yzﬂ) - N

+Q§ ) (y17 e 7yn)} :

(3.4)

Therefore, after multiplication by the factor y,’ﬁr_ll in each component of the
vector field X, we obtain an extension of the vector field X on the equator
Yn+1 = 0, which is invariant. ]

Remarks. The vector field P(X) on the equator S"~! is given by:

(3'5) P(X)<y17 e ayn) = (PI(X)(yla e 73/71)7 .- -aPn(X)(yla ce 7yn))

where we will consider y = ®*(x) (the other case is analogous) and for
j=1...,n

Pj(X)(ylw-wyn): y;n_’_—l [] _yjzysfs ]

P )y1,---,yn)}

P T | s
Q; ])(ylv ~Yn) s=1 5 (yla"'vyn)

where
5. = 1, if ng—mg=m
® ] 0, otherwise.
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Another very important remark is the smoothness of the compactified
vector field P(X). In fact, we have immediately that this vector field will
be analytic on the set {(y1,...,y,) € S"7 1/ Qg-ms)(yl, oy yn) # 0}

In the second case, we will assume that f;, given in (2.1), is a function
such that

(3.7 fo0) = I

[Q;()]%
As before, P; and @; are polynomials, where «; and (3; are real non-zero

constant , and f;(x) is well defined.
Therefore following the same arguments as in Theorem 1, but defining

=1,...,n.

m = max{o;n; — Bjm; / j=1,...,n},

in this case we have.

Theorem 2. The induced vector field X on S™\ S"~!, defined in (2.3),
from the vector field X given in (2.1), by means of the differentials of
@ and ®~ with f; given by (3.1), can be extended to the whole of the
sphere after multiplication by y,’ﬁ:f, and in such a way that the equator is
invariant.

Remarks. In this case the vector field P(X) on the equator S"~! is given
by:

(38) P(X)(yla 7yn) = (Pl(X)(yl,...,yn),‘ . 'aPn(X)(yla~ . ayn))

where we will consider y = ®*(x) (the other case is analogous) and for
i=1....n

PJ(X)(yl’--wyn): yn+1 |]2 _yjzysfs 1
- 5‘[Pj(nj)(y1: 7yn i _ zn: ] )(y17"‘7yn)]asj|

J A (mj)
[Q] (ylr":yn)]ﬂj [Q§ (y17 ... 7yn)]as

(3.9)

where

{ 1, if asns—Bsms=m
ds =

0, otherwise.
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It follows immediately that the degree of differentiability of the vector
field P(X) will depend on ¢, §; and the sets

{(y1,--,yn) € S"7L/ Pj(ms)(yl, .oy Yn) # 0} and

{1, oum) € 5771/ QU™ (y1,...,yn) # 0}. So, the differentiability
must be analyzed separately in each case.

Corollary 1. Let
(3.10) X=Xg+Xr

where Xy = (g1,...,9n) Is a vector field defined by polynomials g; and
Xr = (f1,..., fn) is the vector field defined in (3.7). Let k; be the degree
of g; and m = max{a;n; — Bjmj,k; / j = 1,...,n}. Then, the induced
vector field X given in (2.3) from the vector field X given in (2.1) by
means of the differentials of ®* and ®~ can be extended to the whole of
the sphere after multiplication by ygjll, and in such a way that the equator
is invariant.

4. Generalization

In the previous section we have restricted our study to the set of all rational
vector fields and vector fields whose components are the quotient of power
of polynomials as in (3.7). In all these cases the Poincaré compactification
vector field can be obtained, and we observe that in these cases the rate
of growth at infinity of each component is not bigger than a polynomial
growth. We emphasize that this property implies that it is possible to get
the compactified vector field P(X).

Let the vector field X given in (2.1) and we will assume that there is a
polynomial vector field Y = (Py,..., P,) (n; is the degree of P;) such that

fi(%)

(4.1) x| —+o00 Pj(x)

=cj, Jj=1,...,n

with ¢; constant. Let m = max{n; / j =1,...,n}. The following theorem
is a generalization of the previous results.
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Theorem 3. The induced vector field X on S™\ S"~ !, defined in (2.3),
from the vector field X given in (2.1), by means of the differentials of ®*
and ®~ with f; given by (4.1), can be extended to the whole of the sphere
after multiplication by ygﬂr_ll, and in such a way that the equator is left
invariant.

Proof: It is sufficient to prove that there is the limit

lim y:’bn—i-lfj (ylv"'a Un )7
Yn+170 Yn+1 Yn+1
for every j =1,...,n. Let,
0 1 -
(4.2) Pi(x) = P + P (x) + ... + P (),

where Pj(s) is an homogeneous polynomial of degree s in the variable x.
We will only analyze the case y = ®*(x) since the other case is analogous.
Thus,

J— i J
¢ = iy —to0 B)

. fi (%)
= limyx )~y oo w5

(4.3) PO+ P (x)+.. 4P, (x)

f. Y1 L —Yn
lim 0 A Ynid Ty
- Yn+1— —n; . n; 0 n;—1_(1 (n;)
Uit s PO 2 P () AP (01 ym)

and we have

4.4 lim  y™ (yl y"):c»P.‘"f‘) Lo tn)-
(4.4) e Yni1fj Ynt1 Uni1 g (y Yn)

Therefore, after multiplication by the factor yﬂfll in each component of the
vector field X, we obtain an extension of the vector field X on the equator
Yn+1 = 0, which is left invariant. [ |

5. Behavior of the induced field at infinity for the 2-dimensional
case and generic properties

In this section, we shall investigate under which conditions there are equi-
librium points or closed orbits at infinity, and of which types they are for
the 2-dimensional case.
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Let us go now into analytical details. The sphere S? will be considered
as a differentiable manifold, the corresponding coordinate maps are:

¢;: Ui —R?* and ¢;:V; - R?
where U; = {y € $? / y; >0}, Vi={y € 5% / y; <0} (i=1,2,3) and

(5.1) oiy) = ily) = (2.2
Yi Yi

with 4,7,k = 1,2,3;j < k. We shall denote by z = (21, z2) the value of
@i(y) or ¢;(y) for any i, so that z represents different things according to
the case under consideration. In order to find the explicit expression for
the induced compactified vector field on IR? for the case in which y € U;
ory € V; (i=1,2,3), it is convenient to express the obtained compactified
vector field (3.6) or (3.9) in terms of the variable z. Making straightforward
computations we arrive at the final expression for the field on U

analogously on Uy we have

(5.3) A(;QW;H (fl (2, ;) —21f2 (2, 212> ,—22f2 (27 ;))

and finally on Us
(5.4)

z
A(Z)mfl (fl(zlv ZQ)a f2(217 22))’
where f; is given by (3.1) satisfying (3.2) in the rational case and by (3.7)
again satisfying (3.2) in the power rational case. For the case in which
y € Vi, i = 1,2,3, we obtain the same expressions (5.2) to (5.4) except
for the following fact: in Vi we have y; < 0 and then y3 and 25 are of
different sign. Thus y3 = —ﬁ and (5.2) must be multiplied by (—1)™~!
to obtain the field on V;. Also, it can be seen that (5.3) and (5.4) have to
be multiplied by (—1)™1.

In the neighborhoods Uy, Us, V1 and V5, which are the only ones contain-
ing points at infinity, our vector field is given by the expressions (5.2) and
(5.3). To simplify, we will call (z1,22) by (u,v). Now, we recall that the
equator S! is an invariant set and the second component of (5.2) or (5.3)
is zero for v = A%z) = 0. Then, P(X) has equilibrium points in S* and one
of them (u, v = 0) must satisfy the following equation

1 1
(5.5) v |:R2 <, M) - /LR1 (, M)} ’V:() = 0, in U1
|2 v v
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and

1 1
(5.6) v {Rl <M’ ) — uRo (M, ﬂ lv=0 =0, in Us
v'v v'v

which are well defined with the appropriate choice of m.

5.1. Equilibrium solutions for rational vector field

We will analyze the vector field given by (3.1) satisfying (3.2) for n = 2,
i.e., the vector field X given in (2.1) on IR? is rational. Maintaining the
preliminary notations, the equation (5.5) on Uj is equivalent to

(n2) ()
(5.7) Py =l L) g o,

To analyze the hyperbolicity of the equilibrium solutions it is necessary
to calculate the variational equations of the vector field (5.2) through the
equilibrium solution (p*,0). In this case the linear part is given by

dF ()

(5.8) A n . (n1)
: = _ (e — Py V(L)
0 [m +1 (n1 ml)]51 <m1>(1,u )
where
A T a7 o i 7 e 0
(m1) ( 1[) m2)(17“<)]2 1) (n1)
qm1 (Lp)p" ™ (Lp) =™ (Lp)p) " (L) s
1 0P 1 A r=0=1
o (Lt 7D (st a2 (st oy () _
[y (1,%)]2
ST B
Wf*) if do=1landm=ny—mi+1
* = qim”(Lu*)pé"z_l)(Lu*)—témrl)(l,u*)péw(l,u*)

[as™2) (1,1%))2 ’
if dg=1landm >n;—mq+1
V) @)™ Y @) =™ ()
g5" (1) [y "™ (1))
if m=no—mo+1landd; =1
™V W pt MY ) =gy ™ D (e (1)

mwmm

if m>no—mo+landd; = 1.

Y

)
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The equation (5.6) on Us is equivalent to

(nl) 1 ("2) 1
a" (p,1) @ (1)

The linearized system associated to the vector field (5.9) through the
equilibrium solution (u*,0) becomes

dG(pr)

(5.10) B o N
. g ny *
0 = [m+ 1= (ny—ma)] iz =0
[*5) 2 (,u*,l)
where
g™ ()" Y (1) =™ TV (e )p{ " (1)
(mg) ( 1[;1( l)(ﬂ %)]2 1) (n2)
mo ng— ma— 2
qu (p 1) (Mmlz (" 1) (", 1)’ if 51 — 52 =1
) [ 2 (w*, 1)]f
¢ (r p" Y (1) =™ D et )pl Y (1)
(g™ (u,1))2
M if 91=1landm=mno—mag+1
o2 (1) b e
ok = %ml)(u Dpl" 1)(u 1) D s 1)p(™Y (u 1)

)

[q D (e ,1)}2
if fqq=1andm >ng—m9o+1
“”)(u S VT O/ el (T i e
¢\ (u*1) [q;”2><u 1))2
if m=ny—mq+1landdy =1
o8P p" Y (1) g™ Y (1™ (1)
[q2m2)(u 1)]2
if m>ny—m;+landdy = 1.

)

9

Proposition 1. Let X be a rational vector field, then all the equilibrium
solutions of P(X) in S are hyperbolic, except in the following cases:

e (i) F(u) or G(u) have multiple real zeros,
° (1’1’)51 =0 or (52 = 0,

) *
e (iii) F(p) or G(u) have simple real zeros, 61 = 62 = 1 but %(1”;)) =

2 *
0 or %’11) = 0 for some real u* where (u*,0) is one of the equi-
qs ",

librium solutions.
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Py (L")

. 0" (L)
n *
0 is satisfied then, by equation (5.7), we have that %(11’“)) = 0. Analo-
42 e

(n2) (%
py 2 (1)
(2777.2) * - 0
a2 (1)
pgnl)(/i*,l) _
"™ (1)

2) If neither F'(u) nor G(u) have real zeros, and P(X) is smooth on
S1 then the equator is a closed orbit. If P(X) has a finite number of
singularities then the integral curves of P(X) is a finite union of arc of

curves on St

Remarks. 1) If (1*,0) is an equilibrium on U; and the condition

gously, if (©*,0) is an equilibrium on Us and the condition

is satisfied then, by equation (5.9), we have that

3)If 61 = d2 = 1 then ny — m; = m = ng = mg and supposing that
F(p) and G(u) do not have real zeros, then nj + mg = ng +m; is odd. To
prove it, we write F'(u) and G(u) as:

_ Qu(,p) — pPa(l,p)

e "™ (1, w)ad" (1, )
and
a _ P, 1) — pQn(p, 1)
"™ (1, 1)gd™ (1. 1)
where
Qu(,y) = py" (@, y)a{™ (x, )
and
Pu(z,y) = pi" (2, 1)ad" (2,1).

Supposing that n is even, then

2Qn(z,y) — yPu(z,y)

is odd and will have a zero either for x = 0 or for some finite value of
y/z. In both cases we would have a singularity at infinity, contrary to the
assumption.

Proposition 2. One hyperbolic equilibrium solution (u*,0) in Uy (resp.
in Uy) of (3.1) at the infinity can be a:
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Fut) p™ (%)

dG(p*) py* (W1) :
W™ ) <0

i g{™ (1)

< 0 (resp.

e saddle point if d

* (n1) * %
e stable node if % < 0 and %(ll’u)) < 0 (resp. %}’j) < 0 and
qq N

Q% 1
T <0);
g5 2 (p*,1)

pgnl)(LM*)
¢\ (1,u%)

dE(p*)

e unstable node jfT > 0 and dG(

> 0 (resp. Tg*) >0 and

Q%

Py (p*,1)

(7277‘2) * > O)‘
g5 2 (w*1)

5.2. Equilibrium solutions for quotient of powers of polynomial
vector fields

Now, we will analyze the vector field given by (3.7) satisfying (3.2) for
n = 2, i.e., the vector field X in (2.1) on IR? is given by the quotient of
power of polynomial vector fields. Maintaining the preliminary notations,
the equation (5.5) in U; became equivalent to

(S N 1 R D)
5.11 H(p) =0 -0 -
( ) ('U“) 2 [qémQ)(Lu)]ﬂ2 Lu[q%ml)(lgﬂ)]ﬁl

To analyze the hyperbolicity of the equilibrium solutions it is necessary
to calculate the variational equations of the vector field (5.2) through the
equilibrium solution (p*,0). Therefore, the linear part is given by

dH (p~)

du ®

n al
{pg 1)(1,/1*)}

B
[qiml)(lw*)]

(5.12)C' = 0 —[m+1—(aing — Bim1)] 6

where ® is calculated in a similar way as in the rational case.

The equation (5.6) on Us is equivalent to

[pi P8 (1, 1))
5.13 K(p) =0 0
( ) (1) 1 [qgmﬂ(#’ 1)]51 2 [q§m2)(ﬂ7 1)]ﬂ2

Thus, the linear part associated to the vector field (5.3) through the equi-
librium solution (p*,0) is

=0.
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dK ()
d[j R

(5.14) D = ]

0 —[m+ 1 — (agng — fama)] 52ﬁ
[Q;mz (M*vl):|

where ®® is calculated in a similar way than in the rational case.

Proposition 3. Let X be a quotient of powers of polynomial vector fields,
then all the equilibrium solutions of P(X) in S are hyperbolic, except in
the following cases:

e (i) H(u) or K(u) have multiple real zeros,
o (1’1’)51 =0or (52 = 0,
o (iii) H(u) or K (u) have simple real zeros, 51 = 62 = 1 but

™) or (S (u* 1)
[qiml)(l’u*)]ﬁl - [.qémg)(u*,l)]'ﬁz
is one of the equilibrium solutions.

= 0 for some real p*, where (1*,0)
The character of the stability is described in the following proposition.

Proposition 4. One hyperbolic equilibrium solution (u*,0) in Uy (resp.
in Uz) of (3.7) at the infinity can be a:

dE (p*)  [py?(w*,1)]%2

£ Al [ (L)
A [gfm) (u 1)]P2

W™ W)

e saddle point i < 0 (resp.

0);

e dH(u* [p(nl)(l,u*)]al dK (u*
e stable node 1f# < 0 and m < 0 (resp. d(: ) <0 and
[Py (u*,1)]*2 );
lag™ (ue1))%2
. dH(M*) [p(nl)(lvﬂ*)]al dK(,u*)
e unstable node if =3~ > 0 and 7[(15%)(1’#*)][71 >0 (resp. =3~ >0

I R

and —7%
a2 (1))
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6. Application to Celestial Mechanic

In [3] and [4] we can find very nice applications of the Poincaré compactifi-
cation vector field. In fact, they studied the bounded part using the Wang’s
coordinates (see [11]) but, for studying the unbounded part they used the
Poincare’s compactification. In both papers the authors used the Poincaré
compactification but they did not justify all the arguments involved in its
applications.

Studying the qualitative dynamic of the flow in both the bounded and
unbounded part it is possible to understand the global flow in these prob-
lems. In [3] the authors studied the parabolic non collision restricted three
body problem, where the mass points, of equal masses m; = mo > 0, moving
under Newton’s law of attraction, in a non-collision parabolic orbit, while
their center of mass is at rest and it is consider the third mass point, of
mass ms = 0, moving on the straight line L perpendicular to the plane
of motion of the first two mass points and passing through their center of
mass. If (z/2,y/2,0) denotes the position of the mass point m; and (0, 0, 2)
the position of mg, then the equations of motion for z,y, z are
_ 2z

(22+y2)372
%y
R

(6.1)

ISERENSS I SH

In [4] the author studied the parabolic collision restricted three body problem
which is a similar problem but in this case it is possible to have collision.
Let x denotes the distance between the two primaries m; and ms. Thus,
(z/2,0) denotes the position of m; and consequently (—x/2,0) that of ma.
If we denote by (0,y) the position of ms, then the equations of motion for
x and y are

i= -%

(6.2) . 7 16y
Y= ~rra2ee

Using Wang’s coordinates both problems have the following vector field

T T 211
. X=X =|-—=—+ e T )
(6:3) (w1,22) ( 4T (4+ :1:%)3/2>

This vector field is like the vector field defined in (3.10), with

T T2 2$1
Xp= (-5 4z, 2 d Xp=[(0,—— "
H ( 4 + x9, ) >7 an F < ) (44—:17%)3/2)
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being k1 = ke =1, ni=na=0, m; =0, ma=2, oy =0 and ; = 3/2.
Therefore, in this case, applying Corollary 1, we have that m = 1. In order
to represent the flow of P(X) on S! we use its projection on the closure of
the north hemisphere with respect to the ys-axis on the plane (y1,y2), that
is, its projection on the disc {y € R3 / y? + y3 < landyz = 0}, called the
Poincaré disc. The interior of the Poincaré disc represents the flow in the
finite part of system (6.1) or (6.2) and the boundary S! of the Poincaré
disc, represents the infinity part of system (6.1) or (6.2). The following
picture describe the global flow at finite and infinite part of system (6.1)
or (6.2) on the Poincaré disc when 0 < t < 4o0.

iy

Figure 2 : The global flow when 0 < t < 4o0.

We have three equilibrium solutions in the finite part: one stable focus
and two saddle points; and four equilibrium solutions in the infinite part:
two stable nodes and two unstable nodes.
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