ggoo g

Inventiones mathematicae (1980), 60, 249-267

Jooooogooooogn
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three body problem

Robert L. Devaney

O0. McGehee U0 OODO0O0O0O0ODOOOO0ODODODODOOODODOODODODOOO
guobggboggbooobooobooobboobooboboobbooboboobo
gbogdgboboodgbboougboogbboobboobbuoobbuoobbooboo
Oboooobooboobooboobob@mobouobshetdboobobooboon
gbboboooobbbodoogn

U

gboboggboggboogbbogbboobuoobuobbuoobbuoobnbuoono
goggobobobbbbbbbbbbooootouououuuoouoooooooooooo
gbbboogoobbbouoooobbboooobbuoooobbbbooooobboboo
gbobogdbobogbbogbbuoobbuodgybogoboogbboobbooboboo
00000000000000000000000D00000000000O (Cooooog
0000)00000000000o0o0oO0OoOo0ooooooooooOOoOooOoOoOOOoOOO
gbooboogoboboooogn

OO00000D00000000 McGeheeOOOOOOOOOOoooooooooDOoOnO
googdbo20bbgoboooobooooobbogbbogbobuooboobooobo
gboogdgboogbboobbobbogobboobbogbbuogbooboboooboo
gbobobooogbobbod

000000 McGehee 0000000000000 0O0O0OO00O0BDO0O0OOOOOOO
gboboggboggbbooggbooobuobbuoobbuoobbuoonobuoobbuoooon
gbobogboobbuoobbuoobbuouobbuoobobuooboobobooobboobbo
gobobooooobooboogo

gboboggboggboogbbogbbooboobboboogbooobbouonoon
O0000000000000000000000000 [o,B)Joooooooooooog
gbobogdgbboogbboobbooboobboouogobooobbooobbooboo
gbobogdgbboogbbogbbodbbuoobbuoobooobooboobbooboo
gbogdgbobobooogboboobboobboobbuoobbuoobboobboo
goog

gboboggbboogbooobboobuooboobbuoobbuogobuoonobogboo
goooboobbbbbbobobobotodtuoududouooooooooooooooon



gbobgdgbboogbobbuoobbuoobbuoobbuoobooobobobboobbobo
gooooobbobbbbbobobbobbbbotbigdoooooooooooooon 1-
gbboboooobbboooobbbodaoo
gboboggboggboogbuoobboooboooboooboooboobbuoonon
00000000 (@oOo0o0o00o-0000)oooo0O0O0000oOoooooooooooO
gbboodbboodgbbugbbudib«Lbbhogbbuobbubouooboboooboon
gbbggubugobugbobuoguobuogbooodbboobbuodybbogbbg
OoobboboooobobobuobosbOobooobobobobob0bobDOobD kOO
0000000-0000000000000 Broucke[l]0OODODODOODODOOODODOOOO
goo
gooodb-ggbobodbogudgt0boobbobobbuoooboooboon
gbobboooobob-uoogbbbouooobobobobuobbobbbuoooobbbboo
gbboggboguobbogbbuguuogoboogobogooobbooboooboo
goboobooogn
gbobgdbboobbooboogbooobboobabbuoobobooboaobbo
gbobogdbbogbbugobuogubooobbogbbuobbuogb0boonn
gogdbbodgbbuodbbuoobbuooboobbodbboobboobboobbon
gbobbbooggbbboooobbboooobobbboooobbbooooobo
Ooooobobooobbobobooboboooooobobogshetdboooobooon
gbogbogoodbboobbodobbuoobbboooboodbbyoobboobo
Oo000o00000oooo0o0ooooooooOO0O0OO (DO0ooUooooDooooOo)oooo
gobobobuogogbbobooub «c000ooobbboooon

1. 0000ggn
OO000000 McGehee DO OO OUOOODOODOODOOOODOODOODOODODOO
OO0000D00000000O0Db00D000 McGeheeDOOOOOOOOoooooOooDOO
0000000000000000000000000000000O0O0O000 210000
gobobboogobbobodgogoobooooobobooooooon
gooooobbobobbboboibobooooubioobioioioiodm =me,msdnn
gbodbbuodbbdytbbtboobudybboobbobooobobogbbodgbobo
yobogobobogboboobboobbuoobbuoobbuoobobuoooobobuoonobo
gboboggboggoobbodbbodbboobboobbogobbooboboobo
gbobobooogoboo
gbobobooooobbboooobboboooobobuoogbbomsbogoonon
goboboooboboooobmidm 00 boggooboooooobooo
goboooog
gbobogdbbudgbbuogboobog2000bodbobooobboobbuoonon
gobobooggobbuoooobobididsnDmddme 000 oodd x>0
O000Fegl000D000 2. 0y000m Om 00000 mgOUO0OO0O0OOO0OOOOO
oodbibibzU0m00000000000O0O0O0O0O00O0O0O0ODODODO0O0O0002, =0
goboboooobobbbugdidrn =2=00000000000000000000



Oooo
goooooooooooooooooboooon
. —2my 8maxy
T = - 3
x? (2% + 423)3/2 (1.1)
—8(2m1+m3)x2 ’

(x3 + 4a23)3/2

To =

000000000000 Pollard4) 00 00000O0ODO

pO000p 0000 20000000000000000000O0O00O

P = m1i1/2,
P2 = lemg.fl.fg/(le + mg).

gbgoboobooboobuoobuoobuooboobooog

= = — 1.2
gbodooooououououoooooooooa
2 2 2
P1 (2my +m3)p; My dmyms
H _ 2 _ X 02 1.3
(71,72, p1,p2) My + Amyms 71 (x% —1—4953)1/2’ (1.3)

0000000000000000000AHD (1.2)0000000000000
000000000000000000000002 = (z1,2,)000 p=(p1,p,) 0000
M=2m+m;000000000000000000000O0

H(l‘,p) = (1/2)ptA71p + V(];)a (1'4)

A7 = < Q/Z)n 1 M/QSnlmg ) ’ (15)

000 A'02x200



000000000000000V(zx)0DDOOOOO0OO0O0O00O

m?2 dmimsg

T (3 + 423)1/2

V(z) = (1.6)
V(x)<ODDDDDDDDD VO -100000000000000o0oono
O00002;, >000000000000000000R"xRxR?O00000000O
Oo00oooooooooooooooooooooooooon »pn=000000000
000000 McGeheeOOOQOQOQOQOUOOOOOOOOOOOOO
gddoooooooooooooobobobobooboooboboboobobobooobobooboboobooooboo
goooooooooooooo

r = (2t Ax)'/?,
s=ua/r,
v=r'(s-p), o

u=7r2(A"p — (s-p)s).

stAs=1000 sfAu=00000000000-/20000000000000000000
ooooo
dt:r3/2d7',

0000000000000 0000000 (1.2)000000000

dr _ TV

@ = u'Au + (1/2)v* + V(s),

%— ) (1.8)
fn_ t

= —(1/2)vu — (u"Au)s — gradV (s).

000 V(s)O VOO s!As00000000gradV(s)0 ADDDOOOOOOOOOOOO
000000000
000 —7/2<6<x/2000

s = (A"HY2(cos 0, sin b)),
u = u(A™1)2(—sin 6, cosh),

gbboboodgobbooogooboo
dr

i

— =u®+ (1/2)0* + V(0),

;

i —(1/2)vu — V'(0).

(1.9)

Nyl



D000D000 (14000000000
re = (1/2)v* + (1/2)u* + V(0). (1.10)

bbegdobbbbouoooobbbobod

m? dmymg

\/2/my cos \/(Q/ml) cos? 6 + % sin26

71 =0002,>0000000000#=7/200000x, =000 2,<0000000
000#=-x/20000000000000000000000 %, =2,=007r=000
0ooo

0000 (1.90-=000000000000r=0000dr/dr=000000007r=0
000000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000000000000000000000000¢— —col t— oo
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000

0(1900<r<ooweR,-1/2<f<7/2,uc ROODOOOOOONOOODOOOOO
000000000006 =+7/200000000000 Sundman(11,12)0000000
0000000000000000 McGeheeDODODODOOOO0OO

W) = —(cosO)V(0)DDOOWDO [-x/2,x/2)0000000000000000000
0oooo

V(9) = — (1.11)

cos 6
w = u,
W(o)
O0o00ooUooooooooooo
@_ cos 6
dt W(G)’

000000000000000¢000000000000000000000
0 (19000000000

dr cosf

— = T,

dt W (0)

dv cosf  ,

= W(8) <1 ~ oW (v° — 47’6)) :

@ _ (1.12)

- =
dw _ cosf , 4
- = (sinf) | =1+ )(U - 27“6))
vweos  W'(0)
— +
2/W ()  WI(O)




goobooggn

w? cos 6

1= —"(re—v2/2 1.13

2cos b VV(@)(Te v/2) (1.13)
00000000 [0,00) xRx [—7/2,7/2] x ROODOODOOO0O000O0000000
O000000000000000000000=+7/2000 dv/dt>0000000000
dooooboooooooooooooooad
goooooooooooooooooooooooonooobgoodr=0000
doooobooooooooooon

2 29
29+ L2220 — cos. 1.14

w/+2W(9) cos (1.14)
000d0ooon0 Fig200000000ooooooooooooooooooodoooaoao
OOooooOoOOoOoOOoO0OoOOOOoOOOOOOOOOO0OO0O0(12)o00ooooogd
dooooooooooooooooon
gooooooooooonooooooooooogag

G e (1 B 2({;)/8(2)“2> ’

db
W
dw _ (sin ) (_1 N v? cos@) _ vwcosf (1.15)
di W) ) a2/wo)
—I—W (%) (cosf — w?/2).

w(o)

gboboboogobbboogooooo

O0.wW@ooooooooooooom Oms 00DO0ODO0O0OODO0OOOO0O0On =



o/ YW@ DDODODD0O0O0OD0D0D0D0D00ooooooooo

dn _ 1 — (1/2)n*cos ) — (1/2)W/(9)77w7

dt W(0)
do
= w,
gt (1.16)
= (sin@)(—1+n*cos ) — (1/2)nw cos
—l—mm//((g)) (cos — w?/2),
guodboobooooooo
w? /2 +n? cos® O = 2 cos b, (1.17)

googobobooggn

00.000 mg/mO0e0000000000000O0O0OCO

1 4e%/% cos @
W) =m? | — + ],
() =m, <\/§ V2 + 4sin®6
W'(9) —8v/2e%/2(2 + ¢) sin @

W () (2 + 4sin®0)(v2e + 4sin? 6 + 4y/23/2 cos )

O000OW/WoO.000000000000(1.1e)000000000000000000
goboobooggo

2. 000000goboo

0000000000000 000 (1.1)00ooooooooooooooooooo
OO000000000000D00DO McGeheeDOOODODODODODOOOODOODOODODO
gbobogdbogbbbogbbbuogobuoooboooboooobbuoobbuoonon
gbobbouoooobbboooon

gbobggboggboogbobbuooboobboobobobobuooboobobobo
gboboggobboobbodgbbuodgbbogbboooboboobboobobooobo
gboobodggo

00 1. (v, 6p,wo) 0000000000000 0OOOOODOODOOODO
1. wy =0,
2. V'(6y) =0,
3. vg = =2V (6y).

00.00000000 (1.14)000dv/dt0 df/dt0 wo=000000000000000
00000w,=0000V(0)=-W(0)/cosf 000000000

/ 2/
dw o+ wW'(9) cosd cos® OV'(0)

at wo) T T W)



d
Ooooooo V(g =000000000000 d—:t):ODDDDDDD wo = 000

V'(6)=00000000000000000000000000000000wOOO0O00d
O

0000v(eoOoooo 600000000000000D0000D00DOO0000OO
Ob0bD0Ovw< 0000000000y >00000000000000O0000O00OO0
googbobobbbuoduddududooooooooobobbbbbbbobobobooboo
gobgoboboobboobbuoobbbooobboobooobbooboboobo
goobooogd

gbobbbouooobooooobobbuoooobbbboooobo

OO0 2. 0000000000DO000O00O00ODO0DOO0OO0ObO0D0Ob0O0d=0000D0DODO
00000 6 =arctan(+4/3mzg/M)0000000000000000

go.uogggooobodd O

00000000 (gradient-like) 00 0000000000000 0O00O0OOOOOOO
gbboogbodgbbuodobbuoobbuoobbbuodobbuoobbuoobboobbooog
000000000000 0000ooooo0o0o0ooooDooooo(115)ooo

dv _ ()W(LQ
dt 2cosf
dodoobodbyodogdddddddbdbtdw=00040nog dv/dt:(]DDDDDD
DDDDDDDDDDDDV’(Q)%ODDD

) >0

- )

dw _ wW'(9)
o =sinf + W) cos
_ V') cos® 0 40,
W)

gboboobobudibbogbbuogbbuogbbuoobboobuooobbobuoobbon
gbobobooggobooboogo

gb 3. ugbbougobuogbobuooobuoooboodgbdud«sbbogbbobbon
goobooogd

goodoobobobobobboboobbtboodooooboobooooboobbbooooooa
gooooobbobobobobboobbooodgooooobobbobbobobbboddooooo
guoooooubobbbbuobooooooouooobbbbooooooooon
O0000000000DO é=0000000000000DO0O0O0ODOO0OODOODOOOO
goodooooobon
Ty/z1 = (M/4ms3)/?sinf/ cos§ — 0,

000000000000000000000000000000000 (Euler)00000
00000000000000000 6 =arctan(+3ms/M)Y/2) 000000000000

x5 /72 = M sin®0/4mscos® 6 — 3/4,

8



googboooobobobbbobbbooooodoouuoouodouoooooooboo
gobobobouogoogbooboogbo

O00. (0000000000 0). oo00000000D0ooooooOoODO0o0ooooOg

0000 (P=000000000000000 (4000000

OO00O0oO0bo0ooboobD 0020000000000 0O0A_-<0<6, 00000,

oooe_00O00O0d

go.0oocooooootrnep,wd000ooOoO0O0oOo0oooOOO0OoooOoboOoooDoooOn
0000000 r-06000000000 (A-000)00000wOD0wOOOODOOAOOO
goobggboggboooggboogobooobboooboobogbor-roboooboon
O0p—0O0000D00000DO0ODO0ODOODOODOOO0Ob0bOoDOb0De=0000000O0
0000000 =4+7/20000000000000000000000m;0 (000)00
OoooboboboobDbOobDbOobbOFieg30nO

gbobgggbbuogbbuogbbuooobooobooobooboobbuoobboon
gboodgboboodgbbodgbbobbuoobbuoooboodobboobboobboon

(0,0,6,000 000 (1.12)000000000000O0O0OOOOOOO0

vcosf

x 2e cos

(o)

0

—vcosb

W(0)72

0
0

0

W(Q)l/2
0
O —cos?0V"(0)
w(0)

0
0

1

—(cos 0/2)?sgnv

(2.1)

00000000 (1.12)0000000000000000000000 (1.13)000 100

goboboooogoboo

goobooogooo

d dw d (. W'(0) cos b
@(E) =2 sm@—i—iw(e)
_d [(—cos?0V'(0)
Cdg\ (o) )
_ —cos? V" (0)
we) -



gobobooggobbbugoobobooogooobboooooobooo

0 1
—cos? 0V (0) s (2.2)
W —((COS 0)/2) / Sgnuv

gbobogdgbobbuodbbuodobbuodobbuoobbooboogboboobboobobo
goooog

1 (cosd) " 1 [cosf  4cos2V"(0)

+
= + = —

¢ (2 ) "elY $ 2 W(0)

2 2
000000(0000)00000000200 V"e)<000000000000000
O ((cos§)/2)Y/2/2000000000 ¢*000000000000000000O0OOO0
000000000000000000000000000000

000000006,000000000000000000V"(9)>0000000¢t0
00000000000 —(1/2)((cos)/2)Y2sgnv 000000000000 »v>00000
00000v<000000000000000000000000000000000000

00 4. 0000000000m3< (b5/4)m 000000000000
00.6,=000000¢t0000000000

8V7(0)
V(0)

1+ < 0,

goboboooggboboooooobooo

5/2 3/2
my _4m1 ms

V(O) = - \/5 \/5 )
V7(0) = Tmy?/ V2,

gbboboogobbbouooobon O

10



000O0my00000000000000000000000000000000000
000000000000000000000000000000000000000
00000000000000000000000—-0000006, 000000000
0000000000000000000000—-0000000000000000000
00000000000000000000000000000000000000000
00000000000000000000+0000000000000000000000
000000000000000000000000000000000000000000
00000000000 000000000000000000000000000000
000
000000000000000000000000000000000000000000
000000 (1.15)000 (v,6,w) — (v,—0,—w)0 00000000000 (reflection) (v, 6, w)
— (—0,—6,w) 0000000000000000000000000000 (v,6,w) —
(—v,6,—w)00000000000000000000000000000000000
000000000
00000000000000000000000000000000000000000
00000u>0000000 (—u,6,,0)0000000000000000000000
0000000000006 =7/200000000000000000000000000
00000w>00000dd/dt>000 w<000D0D0dA/dt<000000000000
000000000000000000(—v,6_,0)0000000000 (4vp,6,,0)000
(+v0,_,0)000000000000000000000 Figd0OOOOOOO

11



0000 (—v,6+,0)00000000000000000000O0OO0OO00O0O000 w0
Ooo0o0o0oo0o00O000~0 (—vw,64,00000000000~. 00000000000
gooobobobbououudggoobbbbbobbbbooboboooooddyydnay_0oo
oobooobooooooooobboobooobyy Oy 0DO0D0OO0O0Oe_ D006, O00DOO0
goggoobbobbbbobbbbbobbbobbbbboboooouobbyydy_d
000000000000000000000000000R.Moeckel[l5]000000000
gboobobooooobobboooobobooouooboboooon

0000000000000 000000000~,00Figh00000000O0O0 =—7/2
gbboodboboodgbboobobbuobuobbuoobboobbuoobboooboon
bbb~ 00000000 DOO0O0b0bLbOO0bLbbbO0000bLbOod0n -0 v d
O0000000000000000000000~_.0000 (vy,0-,0) 0000000000
gbobbboddtinrbbooogbbbbuooobbbbooooobboboooobboo
000000000000000000~,00=—7/200000000~_060=7/200
gbobobooodgoboo

0000000000000+, 0000000000000, 0~.0000 6= —7/2
OoobooobobobooboboboboobobobobobobodFig6. 00000
gbboogboogbboogbbooobboogbuobuoobobbuoobbuoobbooon
gbbobobooooobbboooougbobobooooobbb 3. 0040

0000000000000000000000000000000000000000
0000000000000000 (ejection) 100000000000000000000
00000000000000000000000000000 — 000 (ejection-collision)
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
,00000000000000000000000 E(,)000 C(,)000000000
E(.) 000 C(U,)00000000000000000000000000000000

000 (21)000000000000000000000000000000000000
00000000000000000000000000000000000uvcosf/W(§)Y/2
0(21)0000000 (v,60,0000000000000000000000000000
00000e000000000000000000000 (1.13)000000000000
000000000000000000w>000000000000000 <0000
00000000000000

00000000000

00 5. 00000000000 H=e00000FEWWL)ODODOCHy)ODDOOODOODODOO
O00O0OO0O0EG,) 000 Cl)0D000000000000000»w>000000000
gboobgobdbvw<0bO0obobooboon

gbboobbugbobuoogoboooboobbobobooboobobooboobbo
OO000 Siegel OO DOODOOODODOODOODOOODODOODOOODOODOODODOO
O0000000000000000000000 Saarif6)|00000000O0O0OOOO(OO
O000O0000ooooooo0ooooooooooooooDoooo.,)

12



0000000000000 0000000000oovV (@) =0000000000600
0000000000000 00w=0000000000000000 (112)00000
goboooog

dr cos 6
= ——rv,

dt— wo)

dv _ recost (3.1)

at Jw(o)

dt dt
000200 r,v—0000V'(0)=000w=00000000000000@B.1)0000
00 Fig.7OooOoOooO

ooooooOoOoOOOO0OO0O00O0 r,v-00000000000O0O0O0O0O0O0O0O0O0O0O0A0
oooooooobooooooooo

cost cos 6
v — ey

21 (0) W) ¢

Fig7O0ODODOOO0ODODOOe=000000000e< 00000y >000000000
0000 <000000000000000000O0CCCOOOO 0000 (homothetic)d
0000000000000000000000000 (o000 00000)0000Q
00000000000 Wintner[14]000000000

O0000000000000000 C(,) 000 E¢,)OD0O00oooooooooono
0000000000000 0O0000000D0ODO0O0000C(6y) =FE0,)00006,00
g200dboggbboooboobodgbboobboogbooobbooboboobo
gbbgugobogoboooooboooboooboooboougbbee0bO0onbg
gbobobooogobbobuogobobbouogooboboboooobon

4. Uggogoo

gbobggboggbbogobbodbboobuoooboobuooboobobooboo
gbobogdgboogboogbboooboogbobuoobboooobboobooobo
gbbooguodbboobbuoobbuoobbuobbuodbboobuoobbooboo
gobooobooggn

13



00000000000000000000000000000000v<0000000
000000000000000000006000000000000ms0000000
0000000000000004000000000000000000000000000
C(6,)0 C(6,)000 C(A.)000000000CMH,)0000000S0000 C(B)NS
00ms000000000000CWH)NS0000000000000000
000000 E@6,) 000 E(.)0000000000

00000 SO00000p00000S000000000p000000C(0.)NSO
00000C((H)NSO00000000000000000000000000000000
00000000000000000000000000000w<0000000000
000000Figs000000000000000000000000000000000
000000000000000p000000S00000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000Oms0 y—0000000
00y-00000000000000000000000000000000000000
00000000+.000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
0000000mOm,0000000000000000000000
p0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000 —
000000000000000000000000000000000000000000
00000000000000

ms 00 000000000000 00OO00O000O00ODOoobO0oonD S,ooooogon
gbobogdbboogbbogbboobuoobobbuoobobuooobuoooboooban
00 ¢000000D0000D0O00000O0oC(eL)NnS, 0000 S,0000¢00000
gboboodgboboodgbbogbobbogbboobboobbuooboooboobbon

14



00000000000000000000 E(l,) 0000000000000 0O0OODOO
OoOoobob -00b0ooboobFrg8OUODOODOOO
Oobooobooooooobooboooobooboobooboobe=000000000O
goboboogbbbougbbbioddz,=000000b0000obbbbog -gooo
gbobobbooooob mgoobouooooboboobogg
gboobodgbbuodgbbbodobbodgbboobbuoobboboobboobboo
gbobobogogboboobod
gogddoououobbobobooooouobobiomgdyoboobbbboogo
gooobodoogouoobbbbiodoooouoouuubyoooubbbbbooo
f=—-r/20000000000000v000000000000O0O00OO
~yOOooooooooooobooooobobuoooon
i.yOv>0,0=—7/2000000
i.yOv>0,0=+7/2000000
n. y004ooooo
gbobbbbdoodooooooooooobbobobbboosbbbbmg oo
googbbboooooooboboby-000000000000000m 0 m 0000
gbobbbooooobbbuoooobbbby-00obbobog
UbnggobbbooogobbbiudmgUyboooobboodobbbuaoaon
U0 y0obboboogggg
O0uidooooooooooooooobooboooo0shetDODO0DOODOOOOO
DoooobobuoomoboobOmsdy—00000000 MmO m OO00000O00O
y—0O00bboodgbbuogbbobogobooogbbodbiod me m Um0
000000000oooooo000d (D0)z—0OD0C0OO0O00O0DODDOODOOO

References

1. Broucke, R.: On the isosceles triangle configuration in the planar general three body
problem. Astron. Astrophys. 73, 303-313 (1979).

2. Devaney, R.: Morse-Smale singularities in simple mechanical systems. To appear in J. Diff.
Geometry.

3. McGehee, R.: Triple collision in the collinear three body problem. Inventiones Math. 27,
191-227 (1974).

4. Pollard, H.: Celestial mechanics, The Carus Mathematical Monographs, No.18. Mathe-
matical Association of America, 1976.

5. Saari, D.: Singularities and collisions in Newtonian gravitational systems. Arch. Rational
Mech. Anal. 49, 311-320 (1973).

6. Saari, D.: Improbability of collisions in Newtonian gravitational systems, I and II. Tans.
Amer. Math. Soc. 162, 267-271 (1971) and 181, 351-368 (1973).

7. Samarov, K.L.: Regularization of the Isosceles three-body problem for a non-zero area
vector. Soviet Math. Dokl. 18, 245-248 (1977).

15



8. Siegel, C., Moser, J.: Lectures on Celestial Mechanics. Berlin, Springer-Verlag, 1971.

9.

10.

11.
12.

13.

14.

15.
16.

Simo, C.: Regularization of triple collision in the general three body problem. In In-
stabilities in Dynamical Sysytems, (V.Szebehely, ed.), pp.301-307. Dordrecht, D.Reidel,
1979.

Simo, C.: Masses for which triple collision is regularizable. To appear in the Proceedings
of mathematical Methods in Celestial Mechanics, Oberwolfach, 1978.

Sundman, K.: Memoire sur le probleme des trois corps, Acta Math. 36, 105-179 (1912).

Sundman, K.: Nouvelles recherches sur le probleme des trois corps. Acta Soc. Sci. Fenn.
35, No.9 (1909).

Waldvogel, J.: Stable and unstable manifolds in planar triple collision. In Instabilities in
Dynamical Sysytems, (V.Szebehely, ed.), pp.263-271. Dordrecht, D.Reidel, 1979.

Wintner, A.: The Analytical Foundation of Celestial mechanics. Princeton University
Press, 1941.

Moeckel, R.: Thesis, University of Wisconsin, Madison.

Simo, C.: Analysis of triple collision in the Isosceles problem. In Classical Mechanics and
Dynamical Systems. New York, Marcel Dekker, 1980.

16



