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"Hammers looking for nails’

These papers represent optical instruments”
which combined, give a picture of the Newtonian
N-body problem as an analytic flow

on a compact stratified analytic space.

Will this picture
solve any interesting problems?



Problem 1: the oldest question’ of Newton-Herman

Bounded or

and parabolic infinity

mig1 = Fa1 + F3y,
mags = Fip + F3,

m3gz = Foz + Fi3,

vits: all r4;(t) are bounded functions of time

Unboundec

OLDEST

| orbits: some rg;(t) — 00

QUESTION: ; Do unbounded orbits pass

arbitrarily close to any bound orbit in phase space?



QUESTION 2: For any given mass ratios,
and ZERO angular momentum do there
exist periodic orbits?

If the angular momentum is NON-ZERO:
Yes! Lagrange and Euler’s solutions.




Recall: bounded = energy is NEGATIVE.

So, for both questions, we are interested in
the flow when the energy E is NEGATIVE.



The Hill region at negative energy,
for the planar 3- body problem
projected to shape space




Collision locus=
where potential is negative infinity




Typical unbounc

hyperbolic-elll







After
compactification.

The const. neg. energy hypersurface modulo rigid motions forms a
two-sphere bundle over the interior of the blue pair of pants. These
spheres degenerate to points on the pants boundary.



Notation and Pictures
Form the non-compact 5-manifold

M> = M(E, J; my, mo, m3)

by fixing the center of mass and linear momentum equal to zero in
the planar three-body problem, fixing the energy E and the angular
momentum J and forming the quotient of the resulting variety by
rotations.

Masses my, m>, m3 enter as parameters.

Reduced planar 3-body flows live here.

Compactifying M adds boundary strata corresponding to R — o
or R - 0 or some ryp — 0.

R%=1:= D ma|qa|2 =2 mamb’fb/z my



Define subsets B, H, P c M® = M°(E, J; m1, mo, m3) by:
B = i.c.s of bounded orbits

H = i.c.s for hyperbolic-elliptic orbits

P =i.c.s for parabolic-elliptic orbits.

The answer to the OLDEST Q is 'yes' <= any of the following
equivalent conditions hold

) int(B) =@

1 H=M°

1 P> B.

What we know: H+@. P+@. Pc H. B # @ provided the ang.
mom. is nonzero. Often (always??) meas(B) >0 (KAM).

What we do not know [Q2 !] is B # @ when ang. mom. is zero,
regardless of mass ratios?
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Homoclinic Orbits and Oscillation for the
Planar Three-Body Problem
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The following two theorems give the smoothness of the manifolds W*(S?)
and W*(S’) and the smoothness of the assignment of the asymptotic binary
motion. Both are trivially true for the model equations used in [3| where the
equations completely decouple for x* + y* small.

w - hyperbolic
y w-parabolic

a -parabolic

@ -hyperbolic
" FIGURE 3



"‘/f-‘“‘ ol .




Tee
" i s Avdly
o Whire doe.. P =W (pwib) 30?

°Doe§ ii‘ enter 7\4“)0 the i‘vx‘Fefs‘}CcQA_,

0'(‘ YVl?l ‘Fa\/OU‘c‘{-ﬁ KAM 5{’4)0,40/ ofb)‘+5?

. How 50?

¢ Ave voarialonal methods of- dn/ wse here ¢



Onto Q2



QUESTION 2: For any given mass ratios,
and ZERO angular momentum do there

exist periodic orbits?
T e a min-max
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if more time:

a) details of papers ...
D) speculations.

c) audience Qs of course!




SHAPE SPACE. an R? realizing the quotient

of the planar three-body configuration space
by rigid motions.

collinear. triangles

rs; =0 —

triple collision

Recall: bounded = energy is NEGATIVE.



