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e bheods deols with She epnlicublon of the
gilipbiced semizdoted bhpeesdinonnional vhroowbody
pwoableon of Soleobisd Boohsles o the moblong of
asboralds ond sebeliites of Jopdbory moving wdor tho
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sovbbohionel ebtraction 0f the Oun end Juplicn.

L
i

;f's‘

Foom the lobogretion of & lagge numbor of oxblis an

wibonpt Jo nedo do oep owk by pogloss epowmd Juplbow

pf whoblo ond woeteble subelllile snd asberold orbibe.
In cheplor 1 tho orblés of the oeven ontaonoast

spbeliltes of Jupdisy whioch mpe pppueciebly pevtucbed

3

by whe Sug ave ddoousged snd o genswal zeview Lo
given of eaxly nunevical. worlk by Yarwin aad othors
on tho westpketold thyoosbody problen o woll o of mors
repant work by dhevotamey and collonguon on She
voreedand compwbotion of the opbits of diaband
aebollites of dupliow, |

M chopter I the V‘&#&m‘r&} gomptiber pregsans which

kN

were devoloped dn the @m«ma af the work are ddocunsoed,

o chppver IEE the mmmer off compubting the ebarting
vadtos Lfop acne of the intogrations Lo discussad,

In chapber IV ko ghsbllity of the orbite of dlabant

gateliibes of dupliey i8 Investlsated accopding b0



SThedr indtlel samdlenojor axes; ecoosbrleitics aod

Inelingtions to the plene of Jupiter’o orbit abowd
the Sun, ab wald as bo whethor the satellltes
'

notione are direcet or petnoprado.

In shapter ¥ the poespe of sotellites Cfron Jupllow

K, I PN ey 3 e Kol K~ & L IE T Sy
ond the copburs by Juplbor of caterclds is luvestigobed.
T . [ G T [Py S % . s st 3 vy o - T oy Eo s i g .
Feom bhe peoulbty of the integreliohs of the oxbits of

&

hypothetleal soterolds Just inside tho orbit of

£
s
]
et
F)
it

Jupdter tho exlvionae of o socond osforold bolt beb
the orbite of Jupitor snd Satorn I posbulaotods

v o [ R iy oy 5Head sy oy w e I g e Pl i . R LIS
In chopter V1 an stbonpt Lz mado fo -plaoin tho

hJ

t Bal . - s oy o E By - ay Y ' . whe Lo
tendoney lox ouboyr sotellites of Jupliew o be in

R S N TR, S g e e Ay 3 et 5 &3 PRY TR . o
orite which hove mesn epguley mobions which ave

gompnensurable with Juplter s posn motion gbout the Sun.

I5 io pupgpestod that dhese oxbits Lie close to povloedic
srhito ond on attompt o mede o find one such paxiodle

Y
s..
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L T R PO ~ LI P o =3 " % ren B g gty “
oxbit by congidering the »olationehly bebwoon tho nean

alomendss of & sobellitels orbit ond dhe obes of nmoveunonth

vt
:.;e

of the spoe goet the node of the orbil.

Uhooter VI Lo s asgoessment of the pasulbs of
tho previous chapters snd concludou wibthy sugpostlons
for furthey work alons the linses of this thegls

Tho figuros sod tablos paforved



# bhe bhesis and besy nuwbors of the fomm "5.4%, bho
Thest fntozed balng the npwbow of the chapber 30 which
the Dlgure or voble peferss Refoponoos swo b She
el of opeh choplier aid ave suobeped In & pdaller
wWogts She fivet Integor being thoe oumber of tho chaptew |
inowbieh the wefevencs deo fiied quobod.

The work dosordboed in e howis was gonpded

whike the aubhow woon on tho ateld of the
Dopeabient of Avbreptiy fu tho University of %ﬁ&aﬁsﬁm‘a
I 45 o plopsueg B0 sulmowledze here hio indebiednoss
e Proedes ;u:xi;vx* Pedly Bwoat fow the oppoptundty to do
hie work sod for Big oneotmagenent bheoughouat; bo
e AsBh Boy for his holp snd edvies ot gll ologos
aff tho worls and b0 Y. M.V, Ovonden Dow sony ssefuld,
dinouagiong on pelnte wbich svose dupdng the work.
Whe evbhor wourdd also Like to thank tho stall of
She Hopowbnont of Gompulbing Jn the Undvopsiiy of
hoogow for thodr help fu wedding o 1 dn g ndag
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Lhe Muter betoliiton of dundter mad tha Bostelovod

2T I R T A S m:

Shpoa=tody  Feobldon

U I _i§ﬁ€hi%pv sobelditos of dJ

The soven outempost peballites of Juplitor have all
besn discovered photogrephioally siuce 1904,  Those
sateliltes {voferped to s numbens VI %o XIL in ogdow
of thelr discovesy) are very faint objects having
apparent nognitudes bebwesn 4.7 and 19,0,

Satellitoes VI and VID were discovered by Gl
Perveine uoing tho 36-lnch Grospley roflector abt Lick
in 180476, Balellite VIY was discoverad by Fod,
Heletlte uvolng btho 20~inch Greenwich roefleotor in 1006,
mambar X by S.B. Hlebholoon with she deessliey zoflector
in 1934 and oombens § and XU also by 9.0, Hicholeon in
1936 uolng thoe 1G0 lneh reflector at Mownt Wilson., In
L1951 8.8, Hicholson diseovered dJuplies XIL, agnin with
the 100-inch at Mound Wilson., Yo move sateliites have
beon discovered since that data.

The mean distances of thase satelllies from dupliew

arg 80 large compaved with thelr disvences from bhe Sun



(ot looot ono in eight ) end hhe nmess of the dun 48 wo

nuch greater bhen thoat of Jupiter (L04T:L) that these
satellites do pot move o fixed ollipoew sbout Jupiber

v

& oy R Y
L moving about o B

Ex
=

Frand

R IN

moon podnt, bhut move in

Jovicentvic orbibs vhoee oshope ond ordenttoblion avo
conbluuaily changing dus Lo bhe gravitavlonol

[

novburbatlong of the Sun on the epbelllbso.  Flg. Lol
(oftor 2B, Hlcholaon) shows marked abhernces in como of
Lhw orbits duving o glnslo revolution, The orbit of

Juplber VIIY due to Lto lasge eccenbeioity and somi-qojor

q-m X e R . b d 'y e o P — ey S gy T $r E ey Fat 3 EY
asde Lo subljoot bo porticulerly lorge gordurbobtions.  Hhe

OIS S W IS 1y o, WAL N ISR T T R SR B R N |
orbit of this sedasllite woo flawl woll osteblichoed by

Gropoh {rafe L41) vho usod twoe-dimenoional dissvoms $0
Ilinoteats L6y conplicntad behaviour.
Mooy clomonds of oll bSovon sobollifo:n
computiad.  Bolerencos to rocentd deferninotions are glvon
In noetlons 3.1 md .2, Boble Lol abowo somo of bho poon
. I }

N T P g vy T AN R et e I I TS P weged ey 2 e e g o e Y
elononts of the sotelllies in opdey ol inorcosing ocpde

v Al

major monles.  Ahe oxbits oppeny bo feldl into three groups -

Geown (L) Satellltes VI, ¥ ond VI ghich sre
in diveet opblbto with sdniler svmle
misjor axos, eoeontvlelidlon and

Inclinations to the plone of Jupibor's

. s
FEIE U o



Guoup {1i) Sakellite XIT which is in o volvoprs fm

)

owbdt sliahdly inoido the ovbits of Sho
greotp (134) satellitosn.

AR

Sevelliton KT, VIEIT and 0¥ vhiech aswo in

o

{fronyn (.L;fi.:!
pebrograda ovbite with siudlor GLomensa .
Obher awshoro daoluding Eulpee{vef.1.2) ovefor o
bhind of tho patollites oo Lelonging b bwo geoups, bhe
dirochk pateliites and the wobtvogyede onoes, Kuipew

sonslders Shot thoe sdndloryity in bthe olanonts of the

sabelilton in oach of the groups suegests thot the poven
sotelliten are the renodvs of btwoe Lorger setellibes which

wepre onpbured by Jupliter while obill o probo-nlonets ond
havo pined broken U 5 poonn Likoly, “*imm‘f‘m*e

Ly

acoording G0 Knlpoy, that othewr porbs of the two sebollitos,

propumebly smolled and Lednvelumay aloo be In orbit abowd
supdbar in this oren. Kudlpor estimatos thet any oo Lew
wdiacovored pobellite of Jupdtay conld not hove o dlometer
sooobor than 18 Ellonebnen.

Foinor considors thobt the vebwogrede satelliton nro so
for Leom Juplier ae bo o on bho vengs of inebebility ond
sondloden that thoy eouvld nob hevo beon eppbured by Jupllewn
at o bime when dupitorts moos hod Lte proseat walae bub
maed have beon eopbuved of o bime when Supdber woao losing

FHERAH A



Lot Jormonsueobll blon,

B RO M W SR WL A i L if VR T
Boy nd Ovonden (paf.1.3) have dilsougoed the
poourrones of commenstrobilities botween Hhe nean

gnglor notiong of these sptellites md thoe neon

smgulor notion of dupidor sbhowd the fuwnlsee Sable
LeB8)e AL the potellliten of group (1) awxo nuen

0 i olone bo the comnensurebilidy A7 while the
avorase of the thwes neo potlong dlos oven olosoy,
e pobollidy in gvoup {(14) o ccon 46 1ie noar tho
oopnensurabi ity /7 end Shooe of group (1il) neoar
/G, Aseln tho svorage of tho three noon notiong
of tho grovp (LiL) potellites lien ovon noavor 1/6.

In ponersd oy and Oveadon heve Lound thob
guisensueabilition gre much nore eommon in the polaw
syabon than gonld be morely sbibelbuted 0 ochanoe.

In the cpee of sadtellitop hhe comsenaurobility is found
hetwoen the sotolidto ond the obief porturbing bHody(s).
Fop one of the Golileon goldellitoes of Jupitew thoso
pre the Sheso obher Solileoan poaselliton and

$

cospamanrabilitlon exdat bolveon tho ovbitsa ol the

4
w

zm

Foure Golllioon oobellitons or an ouwbor satoll)

0f Jupdbar howoevar the chlef powiurbiag body io tho

gun end tho comnonsarability lo bobwoon tho Swn (Lhoughi



Gf s & sabelllbe of dupiter) mmd the astellite.

Roy end Ovondon suggest bhad the resson Lo thia
proforanes 20 peop-oomnonsuroble orblbs Ly thab suoh
orblte bwe relavlvely stoables Thoy go on to pyrove the
Miepor Thooren' vis.

TIE n polnd noosen ove aoded wpon by thedw
wabtel grovitebionsd Jovcos oaly and g% o
gortudn opooh cadh xading veotor fyom She
(oopumed gbationamy) eentye of vows of the
protorn As perpundicnlar o owch veloolly
yacior, then the orbls of coch nesn afteor theb

spook Ao o mipeor lnoase of Lts orbit pmiocr bo

N
&5

shat opoclh,”

From thin they deduce thot ovbits that sablsly
mhrror conflgurations (as dofined above) of two

poporate epochs are porlodic. Dhey suggest thob the

sha more guickly the coposlliation of pewturbationg
would tglke piasy mo thel 4w orbite wowld ned wandor
oo Dor foom posn oebits and would thekrelorg be more
obobles  Phey g0 oo to ohow theb noov-commeonaurable
orbite provide opporitunliies Lo such froguont mizwow

oonfiguratlons.
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She Segbpdotod dhmen gg.v:?;;i.;‘ Sroblen,

PG i 2

. 2

The wosbplobed thros bedy problon iAo o apeciol

af tho clapsiocadl thwe body pwoblen which gbudiop

the notlons of thwee swaslyve bodles foving under Sholr

nutuad graviitebionsd abiractionis Phe roginioted

problon stipplotes that one of the bodieo should be

>

L3 N

of Andinitonined nBOS RO &80 1ov o alfeoy tha nmotion

LN
N

hodios

he vbthoy $woe bodios, od bhat the Htwoe pesolvae

should move in odleooioy orbits sbouns tholy

ooiraon conbrs of owaviiv.

Thoe problen was fived fopmuloted by Baler and

othoy oondeibuotors have ineludod Jecobl (fived intoespeel),

Doguenge {onodytic solutions)s Polncer 0 {proof of non

aglutente of othor indegrels) ond Depwin (poriodic
orbive by mmerloal *‘maww@%m} ’

Tho egoeblons of notion of the infinitvosimol third
body are wlven by Moudten {(wold.djs

e
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where the ordgin ig beken %o be tho oumire of provity
af tho two noonive bodles snd the weaxls io tolien 80 oo
alwoye bo poss bthoough the swo naoslve bodioen whose
noosed are taken to be pand 3 - My The wndt of biumo
1g chosen o meke the conwlant of grevibtabion wiby.

iy ond By awe the EeROording of the measive bodics
and wy ond wy the dlstences of Ghe thind bedy Lwom tho
o massive bodion.  The seanlo 4o powpendioulse to tho
plano of nobtion of btho messive bodlen.

12 tho bhixd ?m&w: g oboken o move in the x, ¥y
pleno then couetion (1&3@33 doos 1ol opply.  From now
on bho phesee "seabriotod three-hody problem™ wiil he
boken o lmply thed tho thind body woves la bhip plano.
Whea bhie do hot bthe sase the problen will be rofezwod
o o the "Shrooedinooslonal peairictod shroow-body

prollont . Vhon the two mapoive -



boddoo s boken $o nove In ¢lllntical ovblss

phowt shodr comnon GO o of grovity A0 wdld o

renoveed To o Mihe edlipticol reatrloted thesg-

body problent oy Yihe thres-dincapioned ollipblonl

vogbrlotod theoe-body weoblen® oo the cose moy ba.
e ghove eguabtions give wvipe to en lulopesd

sy

Livert gpdven by Jacobl { **1&%" ;S,¢53 sad alao dlsonessed

i W

by HIAL § paf,l.6} dn conaectl L Junaw

.
o
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¢ 3 "
£
Ereem
e
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e

;h:&

IO «

do)”
) T

:\ . 0 Aoty e - " o s odn X
whane U Ls o sanstont of nlvsooclion,.
I ey sy Iy v By AN A -
Shis Indessad hos boon noed o dolinge suelodon

¥
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iy

iobody oot
erdon ond alase by Plocepand fopr the ce-ldentiilostio

e N 3 el :
o actaots {: Al e d el ) 6

The rostzicted theoo«hady problen providen o

Lt 4 [

. EI Ex = St N « .
weasoneble nodel #op mony albustions in tho soloy

grabon wd Lo welptive pinplicity bag led o Lbo

rrbanadiva nge dn bhe mmocioal eoldovlabion of orbits

in the molar syobon.



1+4 Uge, of tho dopebd Inboopael

;@.xm..j..as.-s a ELNTS & ﬁmn.- x zmu, HyESAct oA

Hogihar A,v( DL dhe ) hon lnvostligobed tho mobion
of the Hoon mad other ootellites in the goler ayobon
by meens of the Jeeobd Inbegred. The cguaebions of
nmotlon of dthoe Hoon =8 given hy HLYe indovmedinto

orbilt fro wed vis.

% RPN + (A _1,,\"')3(, =0 (1)

0\'\ t e 8 —

from which dacobd's integwel is obbained in the Lovrm.

O ()

A'JLL ) - K ) .3\
}3\, olx} + i@\ /}t 4+ ;}\ wt - C (lk ,

¢ bhoing tho conwbant of Indogration,

These ogbuations refor Lo the Topbh oo opdgln and
the weoplo L8 teken so bbat L% slways polnds to the
Bun which Lo Salien %0 wove sbouwtd tho Sowbth with wmiform
sngtdar veloclity, 'f, ot dafinliy. /w Le the pam of
the modoen of the Dorth and the Hoon malidiplied by the

conatont of gravitotion.



Beom eguosilon {Le443) 4% 10 deduced thet the

)f

Poliowing inoguoedity nust holds.

e (2 0 Ukt

o

Shde A the eoguation of @ cuyve of sove voloolsy
Lo the Hoon whieh 1t comob oxoss.  In fig.d.2 the
curve Lo duawm for the following volues ol ¢

)™ Upr' :;q U

(’)\(_fh- < q//\ n

he ourven oppesy o bo zother distorted vewolong of
the oweved of sewo voloolby fox the wmove goncral
vostrdoted throowbody problon {(see e.ge vl 1,8)3  the
Glabortion belng due 0 the aposuwaptlong involved in
domiving {IL,&.I%.} el (Lede2).

w4y, o - v '-‘"} °3} ? / 4 S

Pop tho cove (2C1YE> 9 4 n'pord 0f thoe cuwvo
aonpiote oFf & cloned oval Lepgor then thoe Moon's orbit.

Tha value off ¢ Lox the Moon Lo o Shis range end 46 3

by

» L

y
the Hoon camaol euoape from bho

B

shepoiony deducad that
1. A3

Bowbh since 1% 4o not ablo do covoss Shin gowd veloolby

QUEVC.

30.
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Fow other gotoliite gyotens bthoe oone dlagvons

waaboy

. . o i
may e need with o sulboblo chongd of il 3 )
ig ecaloulated for each ploned ond {(20) 32 o enoh
gabeldidite.  For each patelllie, oxoept tha fouw
e tavgeede onea of Juplior, Ly Lo found that

Iy !

ad the gsabolliste s oomtolned wisthdn thoe ovele O

o Gherefoye deduosd thed aone of those sabellites
von epotpe fwom the ploned concornod.

In the osog of the Lovy mobiropzede nobtelllies of
Jupdior however

" 3 / L i

and tho gere voldocdly vawve Lo of & Alfforant foon md
no guch conelupdons nay be drown vegording the stabliliy
of the oxbita of theso sutelllios,

The esowpbion is nodo throughout thot the orbits

o tho aatellling do nob deviehe sulficlenily fioom HLL1L's
Inboxmeddedo orbit Lfon my ol the sebelliteon with

378 vy .
{éi{:;!}&/ B g Lo eonepe fom bho oval of smoro velooliy.

"

foud
2



¢ this noy be o reagonoble asoumption in the case
of the HMoon 1t ip nobd obviongly o in thoe coge of tha
outor patolilbeny of Juplitor glven o sufiicieatly long
vine acolo.

Obhor authors, ¢.ge Boiper (vof.l.2(a) and 1.9}
and Chorlier {(pof.1.10) have taed the Jacobl inbeprol
of the roobrlobed theeo-body problon gs opplied o btho
moebion 0f anteliliten ond sotorolds moving in thoe

» v

grovitetlonal £icld off Jupltor egnd the Sun. Rolpor,

for instonoe,; hog uosed dhe Jecobl inbeswol 4o show
¥

o]

shot aoborolds with soil-mejor axes Less than 4.2
agtrononienl wnlts which are in alwost olzeulow orbibts
with oooll Inglinetlong oon never hoave gond-mojor aywes
peontoy thoan this veluo whoveao S0y gobollites with
move ecsentydic orbito this ceiticad value for the

sent-najor ouie i pathor dees thon 4.2 apdronomica

d 1h 3y Lol

und el s io thewvelforvo defuend that the Teojon

goverolds {4 grouy Loeming o gguilateral trianglo

with the Sun ond Jupitew) could never hove boon pard

of the astercid belt. Snilacly LU io showm thet vhoy

eould not have been astellites of Juplber,wnleas in tho
@

moeoatine Jupiter hed logh moso.



Ovandon mnd Boy { rof.1.01) have poiabod oub $hot
Ghe wee of the Jaecond Integred of bhe rxoobtyicobed thico-
hody peoblen in the gooo wheve tho two masplve hodics
move in ghtiptlosd orbliis cbout thelr common contre of
grovlty, as in the Guedupltor sypboemda nob justilfiecd oy
tho integeal no longoy holde. I is concludod thet
thaere As 1o woooon o beliove that conclhusiong deovm
fow long popldds of time fpom tho Jnoobl Inte
aven operosinodely tvue in the olllptlosd canc.

1 czprass tho oomne

£
poad
e
-
L
’»A

Hoped and *Eg,talu’a O
view oud gtobe thobt the oragumont hma& on the Jooebi

integrald thed the Hoon hos slwoys Dosn o satellite of

tho Saebth wounld oppeoy $o ho faweldd due So the non-gero
ceoentylad 5?.3 £ thoe Borth'o orbld about the Hum.
in shin 3o bhe opbitn of sebelliten and ooboroids

moving mder thoe grovitational auirad

~

3 £,

dupdter will ho compubed with tho asowmmptlon thet Juplicw
moves In an ollipbical oxblt gbhould the Su. A0 will nob
in poneral be owouned Bhat the Jocobl invogyed holds md
in faot o wabeh will be hopt for ony ovidence whioh

gonbrodicts the prodictiong of the clyonloyr Jooobl.



iy

A grosth doul of work was done by bovwin {ref.l.13)
on the munopiodld compuhation of oebite dn bhe peotriotod
Siiveo-body problens Dopwdn coneldered two Dedies which
ho ealled dhe Sun and Jove ond Sho poblion of on
Intinitosinal Body which moved under uhe apbonobion of

tho othon 4w bodlog. JOTS Wiy cbnkon $0 nove
gleoudar orblt pbowt the Son and gmtonudive woe wan wade
o Ghe dJocobd dntogral G0 almplliy the computstlong,
fhe noog o the Sun wow tokan o o ton Uines thot of
Jowe {elfwablio of nosg of Sun to nasy of Jupiior io
mbout 1,000). Aws the colonletions wovo popioraod by

-

maons of fouy and five CTigues logevithne thio zolativoly

gmedd. patio helpod bo engure thet sdpnliicont rosulis

Y

would be obtoined withvia o vedsonsdilo poenlod of Hing.
The Integeotlon was olusys bogon with bthe satelliso

7 tho BweJoye Lino heving o voloceity porpondicuior 30

thin ddne An opblt waes dofined Bo bo alnple periodlic

.1‘) .x I WX X eyt (3 1 g
318 tho next tino the aotollito sropsed

;v g o B pafndda s o T s Ep .58 s g L I
0% »ighd anglen 50 20 L.0. Ghe gyston

f"i

sobiofied plveoy confisurationn on Uwo cuccosolvo
vovodntions of thoe gobtadlits. Hony of thege eitplo

porvdodic orbita wore found, lorgely by a process of fvinl

rad oppor, end Gholr otoblldty ves lnvestisated.



Mhis wos done hy vanyin sordodia ovbit end nobing
whothor the poesulbent oxblt ﬂ@ﬁ;}w&mg sppregiably Doon
tha oviginel ong, in vhich esoe tho porilodic orhiy was
gald bo be uwasboble, or wbobhow the vemulient ovbitd
osellistod about the poviodic ong with omoll
oscilialiong; in which coge the powdodie oxbid woo
aold to be stablo.

Pordodic orbits wepo ddvidad indo Hwee
Ghose which wore glinble wiithin tho

geouraay of tho caglioniadions albbough 46 van suonoctoad

Shat oll orbits were ulitinately wetebleo; thooo which

woe wnetoble with guen dagtobilicy, i.o. thogo in
which the plonet or setoliibe in tho vaelad oebid
arossed sud reorosged tho pexdodic opbis am gvon pudber

of Wlmes in osol vevoluiion molkling on increasing masbom

or exouredond on oach alde: and Shoge which were wabablo
wATh tmeven :&fs&?‘%a;%ﬁ,ii.;i"’j,r {defined in an anelogous nanmer 5o
aven insbablliby ). v bho eage of wdtebleo orbites HAlL's

indinite doborminoad (3?&;&?.;%,.33&) wos used o ewalgn o
aoduias of sbabllity Yo coch oxlbdy.

L

A lowpe nurbor of orblio were gouputed for varlouns

valueg of tho conobant in tho Jdocobi Indegrol. Absontion
howovar was in $he padn condined do dizeut oxbleg with
veduoen of tho Jdocobd consbont opeh Shat the aupdd Dody

coldd nove bubtwoon beoing o getellite and belng o plaaat.

TR



* hy z‘“ﬁag{ »‘ ni‘g‘ 1 bt
40 Fha onhogos Deolilom

b ‘fﬁ'aﬂemgg;z?az:g gnd obhorn (Dot 0.8e pofledB) havo
made exhonsbive Dwestlsationg of what i often wefforrod

S0 o the "Copeabeoson Peoblont, his in bhe apocisl

X .3
£

cese of the mostricted threw=lody probleon whore the

‘ [:8 #{;‘ v.‘l‘\ L3-8 N “* iy i : '!,.-( A i
menees of the W &:;wgc holdles aroe ogual.  Foom thoe

w

gongtlong of motlon of the thind Dbody o lopge mutber of

q

£ iy
gid RO

facs

poasiblo orbils wore conpubted. fepriodic onb

ki

wenpnengdan Llbwotlon points, nboul

Fod
2
£u7s

T3

ohinined sboud the
gooh of tho nesses separately and aboubt both the masoos
Somobhors In bhe lash two oused both di s 1 end
pobpoprade orbite wore considorod. oy work gon dona
wabh the old of moxo thew thlety hunan compusong in
Donmenls, Govaony s Hovwey d vodon.

Bortlott {rof.1.36) uwaing an cloobronio oompubar and
o nodified Dungo-Huits nethod dn the coyly 1960Ys
rooptonlabed noot of Hbrongrente owbite, Lound nony

et orbdio in canh oloso ond dipeovared o mmbor oF ney

clopsen of orbilto.

L7 Fhwoo Dimensdeonol Ovbitia,

goudos (roful.37) has lovesbisoted povdodic oxbito

in the thyoo-dinensionnd, rventoloted three-boldy prolilen

L el



*, ks

wnaine the Hoepeuny olecbyonic computor ot HMonchosbors

o

the dutagaoetions bholng poeformed egoin by o modifiod
Runge-lindto nothol. Flreve elpooen of asyunoetzic orbiseo
ero dafinod opd A% Lo ohown how sueh oeblbo may be found.
Tho stobillity of an opbit 1 weolatod to thoe
elgonveluos of o eorbalin nabxls - otebllity boing
defined in p sindlae wey b0 whel veed by Dowmwin. IF

"

ol bhe elgonvedues oF Sho nobtedy hove moduins lops bhon

wdty or song aee walby (m}m}mmi:isg iy oven punbor) snd
the wost ave looo bhon waldy then the orblt io obablo.
I howover ooy of the glgenvalnes hos modulus greoton
thewy wnldy Shon the opbit Ao wnotobios Dho thixd
pooulbility do that pll the eigonvelues bave nodwlng
uallby dn vhich gass thoe pbability of the oxbit io not
dobornined without highor Gomms snd the orbit is dofined
o e quast-gballdo.

o gtolilo oxblibo wowrn dlacovored fron tho indogrations

sha

hut spme orbits vhich wore guonl-gboble wero discovored and

0} (3 &

it ie shown that whon such om oxbit is perturbed by O(¢ )
a porticleo in the dietuwbed orbit will not dopoert from
the oxdainad orbit by nowe thoen O (& ) for ob langt A ¢

Lo

norioda, whove & io o sulioble poaltive cunotont.
ALL the periodic orbids whdceh vere highly inclinod o

the vlone of motion of the $wd mogolve boddes were found

19



40 be highdy wnetablos &8 the inclinetion g decwoosed
the oxbite hecome loom ond legs wsteble andlld fon pome
inclination i they boooue quasleptoblo. 1% le doducod
oo Gthis thald oftor o covdaln bines not nocogserily long,
a0 ovbits of high loclingtion will exlot In sueh a
ayebam.  Goudes congiudos Shobd ouch o gyobon wild
grontually Doocone sduoet Lish snd sgeorto that Shis i
why the golowy gyohon 1o odmoot coplonge snd thowefoy

o

0o goneluolons can bo dwosm aboul Tho oxigin of tho

sodoz nyaton nexely from Ats fotvopos.

he 3 e g, AN £
1.8 Rlroct and Jebrorrade Gxbiin.

Houwlbon (&ﬁ!ra:&:isl%} hap favootigetod whothey &

-

Gimpet soielllite of Jupddor wlth the period of Jupdbor VIIX
(which i robropzedo) would be pere ar loog obable then
Jupiior VIIX.  8%5abliildy bolug defined rigowouely only
row o perdodic orbdl ond Juplior VIIL not Loing swaotly
rordodle, bhe eplierion for stebiiidty bwad $0 he applied

to © periodle opbld close Yo fhot of Jupilor VILL end coloo
0 o poprdodic oybiv with the soe neriod but dircet

Supdtor wen opcsunad o move ln o givowlor orhdbt nboud

the Supn and bthe sotelllite o nove in thoe plone of Juplien's

P

orbit about the Uon.  The cauebtlons of swiion of the

+

Eollite (asouned be have Infinibesimel ness) e gave

whoa o tho Jocobl intoswed,  oille boowing Moulbwon ©

Oy



uaed wootenguler coopdinetos in hig work and did not use

the Jocobl intogwal to Blmplify the cgeloulnsions,  Bhis
made 46 poseliblo o use she Anbogrel an & oheak on thoe
numerdoal work. In fact 1% was Lound thot the value of the
Ceopavant dn the inbeogrol mever dillewed by more tham one
Pigure a the fifLth deedmeld plece bthroughout tho
somputations.

Boswln hed found $n sone aopes, especially when the
porlod of tho pemiodico vrhilt wae lovge, that 1t was nob
posedble o colowlobe the voelue of HAll's infinite
dotomminent nd in thene copen had olthoy caloviated vhe
abability of the orbit only opproxzinosely o hed lelt A%
nndeorbormined alboges euho I this popew Hoolion dewlves
p new method of dobewmining obobilliy which svoids thie
QiLidonliy.

fhe voriodio orbit elose Ho thet of Jupdior VIII vos
fouud 0 be vory gbtable indead pnd 4% was therefory doduced
that bhe oxbhit of Fuplber VIEL wos aloo vony gboblo,

Afbor sone oloven albonpts o diveet poxlodic with neorly

A

A

the pome perlod oo Juplior VWILY wop found snd it sbtability
woo dnveopbigosed. L6 wos found do be wnstable with oven
ingtebillty shus suggestivg that petvograde oaxblin at

this digtonce feen Jupdber aro move gboble thon dlreet ones.
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1 Gomebopy Brbite ix the Gutor dolss Syabon,

W o L B -Jn-J &m % umw‘e m&#mww:- LTS &

]

Ghobhobtas J\;’{mm.lh Y hao opplled bho wesbrlobed

wlhwoo-hody prokilon to the cooe of o oot woving In

tho obhoy poplons of tho soley gystos wicr the atiraculion
i the Sun and bhe Golamy. Sho Golegy woe asoumed bo
mops noving in o clochwige ddpeotlon in o
civoulor orbit obout tho dune. UYho comet wasn defingd
B0 ho in & poteograde orbly 42 46 oleo moved In n

:«

glogkwiae Adlrootion ghowt tho Sun. Obthowwioo L$ho ophit
san anld G0 Do diveod Whis convention wao canglatond
with dhoe mejor plenctn moving in ddyeot orbitn aboulb

Yho Bo, but LU thio gpplloatlon of tho rogbrlatod thuoo-
hodly pwoblom ie comparod wlih tho aowa OF the motion of o
sabellite of Jupliey, with the Sun noving »ound Jupiteor
In o antleloolnise dlvacedion, 4T s Dound thet tho torn
Givect mnd pobrogmndo I the twe coses nust be lntovchansed.

Chobotarerts conalueion thoer fove thad deect oxbito arg

agtoble ob much grestor dlst poen from the San thay
voteopreda ones Lo conalebont wlth Hovnlitonls rosplt ol

& a

Sootion 148 popording the groester abebility of Ypotpograde®
Grblts in thoe ooge of JdJuplionta eetollibos,

£33 tho orbiis conoldored by Chobobtavev were ouwtnid
tho aphore of dinfluonco of the Sun (redius 60,000 astronouiaal,

walbel. e is tho ophere inplde which, in coloulabing

pTaY



the orbit of the comel, it io convenlent bo bdake tho
Sun os the cenbral body mnd the Galexy an thoe portorbing
body.  Orhlte w&xm‘eéﬂﬂi&@m@ﬁ hoth loaide and ousaldo
Hi1L'as aphowe (podivg 230,000 a.u.):  She zading of
thin aphoers belng the ddodopnes of the Sun Ivon the
neavost Tongrangsion @aimﬁ; Acupeding o HiLL the oprhid
of & conet lying outsido thils gaghoro will be webablo.
This doos not nocossarily moan dhat such o comot will
logve the soloy eysbom, mevely thes L6 amay do so, In
oot tho retrograde saboeliltos off Jupitar awe in waotoble
orbits oecording o HILLYs owliorion.

Gowellts mobthod won used b0 lubsgrate the pgueblong
of moticn of the comob. In cach eavo Yho intogration wa
bogun on vhe line Shwecentro of the Gelaxy end the pomed

wes gdven eivoular velooliye Siyx Indtisd sonlennjor

¥
-

axos wore chosen and each orblt was compubed in tho divoet
snd An tho rotvogvede nonmer.  In the yosainder of thig
sondblon the derms "direol® and obrogradat will be naoed
In the sonse defined by Chebolowove Ahe olx sonl-nojor
OREN WORe e

orbls L 250,000 oadl.
230,000 st
200,000 nets
150,000 a.i.

200,000 oatie

orhidh

.
¥

oA

)

b

X,

,_{n,-‘fp
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&
=
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o
Eha
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e,

A oot wan dafinoed bo be in n shablo ovblt 42 it
wiae abde bo malie govowsl mwﬁ:’,uﬁ:&mm avout the Sug wibhout
soosning fvom whe solew gypion,  Whis would not sppooy bo
ba o vexny vxmocting epdtoprion Loy ebability nn thepe o no
poodon B0 bolleve thot such & oomed would not cacape fvom
vhe golar gyoten after o fow nove pevoluilong aboul the
Suve  Jnopapblealor She eongluolon that divect oboble
pebits are posuible ob & dletance fpon the Bun OFf 830,000
Betla{loc. on WLy pphore) based on the cowpledion by o
comey of juct ovap dwe wovoluwbiong wsbowt the SBual{owbis 2)
ab the ond of which dime the eomed wao spprocching the
San wabh mn orbitod eccentpicdldy of 099993 nd & semde
mojor pxlo of 420 x 10V mete would not seem o be Jueslfled.

Ty woudd geam Aikely that after o glove oppwonch to dho
fhan the oonot, hoving ouoh o lovge eccontydaelity, would
thon ogeepe fwon he polow gyovems  Adalbtedly after such
o alope aoproack 0 the Suy bhe comed gould be pevvurbod
into a sboble orbit by one of the planebs {(o.g. Rephwe),
bt bhiy possibility would seem o be boyend vhe soope of
the prasars problon.

thehotorev's poesnibes avy oummerliood BOLow,
Uehdd 1 diwect and pobvogredc motlon wmebeble.
Oebit 2 diwoet mebien sboblo (afbor two vovelubions),

potrograde notlon maetoble.



divact motion stablolafior two revolubiona),

»

:‘z.,m*z.s::uwif mobion uneboblo.

Orbis A diroot sotion sbablo (altor one pevolution),
rotmoppeic notlon watoblo.

oubit 8 dlweet motlion steble (after one revolubtlon),
votrograde mobion steblef{afbor one vovolublon).
% Ao concluded thot the moaximus rediuvs of o ctable
diveot onbit about the o do 230,000 ten. ond bho moyoisom

veding of o gbablo roteogpede orbid 100,000 a.u.

1620 fv;@}w sohion o bubor Hebelditosn of dundbos,

-«nl'h\vfr-é:'ﬁj'f‘" SRR OVAR) h-uxq M oA T (M

mohoberovw ond obhers {3ef,1.20) have publichoed a

A LT i

numbor of papors on the etabllity of sasellite orbito
phont Jupibtoer. Thoe aotiong f the pabellltos are tregbed
ao oiphmlos of the olliptlond reptrieted three-body problan
ond whe Sus'n cooxdinoten, with vespeet $0 o sptabtlonavy
Juplion, ave obtalned from bebles. Integratlon of bthe
gguations of notion of the gsetellite iz powformed by
Sowollits nebthod with o varioble intogrpbion gbon whioh
shunge ool one of She voluen 10,8, 2.6 oy 43.2 doyo.

e Sleot popop by GChebotorev cnd Bophliovo deals with

dlraot indtielly-civoulor orblta within the sphewe ol

an,

infivenoe of Jupdter whieh in coleniated B0 bave a pading

of aboub 0438 8.1, doponding an the position of Jupiter

R
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bodng she digtaonng
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helung She watio of o

whe Do,

ape 8

o

Gedl natts  SHEbILLLy io ¢

Do aebellite BO pm

Jundteor withond oocoping fvon the plonoetts

T
Simw and

peblls on the line SeFupiter vl

w 0030 (sabeliite 1)
dddte 3

{mebellise §)

S.:';Jﬁ Fa {};i}pﬁ {K}E
Cad5

Y Ay,

Vi, e

Sobellites 3 ond 2 leave the vieinldy of Jupliewn

Immediatioly and thoe ovoor

oiber hoelld ond oebit end ono

grow oo Levge (C.80 ond 0.93) %

ot surely oscspe

a4

o goy though In fact the

oy fuethop. sobelliton B

24,

Ay e

SO Boveral T

a\‘}vg“ta 12 ka{)é‘:\;

mad 8

and 6 conplete ong ond

A shown bhat ooblts aithin thoe onliore

{(Le30a1)

o bhe St il e,

dupitor 40 tha nabg of

ablae Thin gohoro Bod rpedivs ahoub

stingd o he tho abhility

voduahlor s agbood

InFluonet.

telliten wro sbordbed In Indblally-olucular

th the Lodlowing

m De28{natellilta 2)

G
E}J 2 t“"" ﬁ* rﬂi} % ":?I L' g;gugn\‘;n‘%;‘@ i‘z’ }

By = Oul 10{oatollite 6)

SIMmOaS

OF satellitos 3 and 4

T

y Dol oubits rospoetlively

*

b Lt would geem that they

from Jupllber afber mnobhoer povolntion

inbegvetion Lo aot conbtinued

KO



&

povelubions ebout Jupdtay vompoobively and ave bolen
w0 Bo dn sboble orbits. Agadn 4% would nod aooem
poaelble bo draw oy loag bom sdnolunions pegoeding
the ptobdilty of thoene Swo salellldos Swon the longbh
of bhe lpbogravion penfornod.

r bho peoend pepew, by Ghobobbiosy snd Volkov,

X

o shobility of indtielly clunulos wpade orblie,

both ipeide aod ouwiolde dho apheve of Influonce of
doplior n eonsl deped pnd the sonelusion L8 wonchad
that motdon dnelde the gphove of nfluhoe s stablo.
Pho mebthod fn alnilow o thal of the previouns papor ond
the orbite of five gebolliidtos sre eompuwbed with tha
Following luitial senl-uador zes

B, LMY f:}ﬁ wlldta f&} {3’3 @ D6 BY i&?fi Lita a}

B, = 0.30 (satedlive 3) By = Q36 {sotellite 4)

a, = 0.40 (sotollite 5)

Appreently bhe owbite OF natellltves Ly 2 snd 3 awo
ol o boe gtable. Phe dntogration of the opbly of
pabeliite 3 s dewninoded efber 1% haw conplobed o fow
wovolndiont and Lt orblvel eccontrialty hos goached
G847 4 Peon sisdler intopweltions pesformed Yy the
aubhor of this thoesis (see Ghapber &) 4% would be

£, +

cupoabed that o splellide wlih sueh & high cocentelelty

49,63 S



gowdd goun eacope fban @m planet.  Tho orbids of
sotollites L and 2 hovever sppoar 40 bho poxfectly oteble fron
the integrations poriomasd. Spbellitos 4 and B axo
cleordly vnobable and 4o ot conplebte oveon one povelubl
nbowl dnpdbor.
The conclunion vwhich might bo deowmn Loom popers
cha end bwo Ao thab votvospodn owbits ave In gononud
more ghoeble thon divect onos. dobolilbde 3 of tho fivet
poper, whlel ie divect, bas the sono send-major axis
o8 gabollite € of the gooond papem, which do 2obzogrado.

The wogeiis phow qulte oleavly that fox thisg veloe of

gsemb-mador ogio, tho rebrogrede opbit 1o more stable

Giwgy bhe Glrogl ong.

I the thind popew, by Chobobopev and Doshlove,
bhe vrbito of iy diveelt sabellibon with indkiel
gooontoleltleon of 0.8 nre ponsidored. %ho swme glz
values Dov the pond-mador gxip ave used an in the fived
poper and the numbers 16 will be wsed b refow o the

setelliten dn this popor which corsonpond o numbows
16 I bhio Lizat popers
Sovbedliton -4 ave hishly uneteble while sobollilben

5 mad 6 conpleove bthyeoo pevolubliong obowt duplior ond

oo thopelfore talon o Do giablo, The effoat of tho

26,



noreaoRe esvendydoity de boeot seon ln tho cose of
piboddite 4. I poper ono this gebellile was oble o
ponforn more thowt one and o held vevolubiong aboub
Jupitor vhaross fu papes 3 1% is ondy oble Yo eompleto
threesguovtons 0f & sevelutlon, She concluslon foon

poapors L oand 3 4o Shoet for two dlvoot ovbidis with tho

i

pame Inlilod seal-oejor pmlo the one with the lawgow
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Uhabotorer {(pofel«20) hove uesed Jowpllfs nedthod o
dptvegrebe bhe oeguebliong but 4% wog et that Do Vogeloore's
mobbhod was wove slegend, would rogiive lose pw ,;g';zi’*mh XA 1
and bad o slnple sbawding otaaenod Abowd She sane
avorhss ebop-Lopgth van necded ag was wsed by Rovalovaly

{ohout B deyw) who wop working bto ahbowd the some sooupaoy

<l

(33 siendfioms feoren)s  Chobebovey woed o lapgop
shop-lomabh bwl vos peoouebly not working H0 0 nany

siendlicant figuven Jopbadnly on Ghaboboroevr nevor
oorbinued the indogravien for amove thon & fow aotellite

yovolwtlong he wonld not mooules B0 ok B0 20 pony

iy

phonificant figores nined The s o pounddng of cowora
I emah o shord tlme would he suedl.
2,

4 o . | .l ey S - ] JIVRRIARRE SN & 3
L2 dhe difforventind equoition 40 ho Integested o of

the Lo

f

= (%, ) (1(&\)

35e



then De Vogelaew's method conslats of the cyclic use

of the following equabtions

Loy o= L + N S }\, Qe @%-H—W (’)‘33)

x| o= X, + {»’K€1+u€\,+i-‘f€w\ (r‘l'g'”)

Rl

where £, denobes £{xr,t ) end h is the longbh of the
Integration step., The neglected terms arve of order
h4; hﬁ, n’ ragpectively and the method ig comparable
in accuracy with the fourth-order Runge-Xulbta process
fhe Lfunction £ however is only caloulated twice pex
ghap.

o begin. she sequence of operabtlons the value of
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is given with sufficient accuvacy by
. 3.5
N = xo \f\ X 'l'— \'\ ,go LD\ )

The method can be extended to polve simulitancous

second-order differential equatlions with the first
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gormmend "Hopler®.  Un the theoe op fouy oscesiong on
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e ﬁi;,ﬂ vahue of B bhe coordiooton of the Sun with
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betwoon the o obaoks dhe Intorval hooono bod 1awze.
When bthip Lo ddapovered 1t Ls thovefors nvcossayy o
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baelk o tho proviowy chool and hadf the Jnberenl in

whioh cose 4% 18 sdvioehle %o cheok the glep Langth
adrily ofbon. IT% Lo nob opueidy pbuoible to huow In
sdvenoe the pbhope of an opbild eoeromponding o partiadoy

Felny

dng veluon end A4 wog £all that the Diguwe Thivty,

K3 ¥

popresonting aboblt o Shiptleth of & petolldibe vovolution

WON S DoREoehio oupeonise botwoon Bho $we ewbeing
canos neabiannd phoves  Ho doudd by expovimenting with
difPeront values of Shin sonndont o ollahdly nopo

soblofectony value could o fouwnd bud LU Lo not Shought
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Ghat & grend dosd of conputey dlne oonld be poaved In thin
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in dodined 4o bho sbpovijove AT 4% dp ab o ninlmom ond
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coundn the aumbor of gvepe betwoon Interval ohooks is
oot boek to soare. It 1o necessery o oheok tho
Inberval ot popijove sluse othoivlse the step length
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and veloelty conpononts of the oebelllite vis tho

following eounbions { see g.ge wef. 2l p23)
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whore eooll has ho pign of oy

L = 'tcm:‘ {(k ;lﬁg/) — (D"(“'%)
| 4

o - \ N (Dqu‘h“L%%! B _)?;‘)F (;_(;\O()

e = —1%1_ (1.6»(0)
(2601

DC.N:-.-_.-__ l(/o/)Jl A ‘20':4/»\."/1,

In = *——lo«lﬂﬁwi@ﬁu '\-a/ﬁ,a‘p._f\. o L -%-é”";“r“(&‘é’\l)

BNV,

W = T ( jw) (l,é,ﬁ)

wnere vos (Wi v) hos the Bl of T
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Ton v = /_P‘ 'Dtxl""‘aﬁlj‘—%'%] k'l.(b.lh—)
JGm P

whowo cop v hag the sign of {(p - »)

tim

> Py
|

=
|

>
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whore v Lo the satelllbtets drue aonely, 1 1ts noon
anpalor motlon and ¢ ig the time sineo Bhe indograbion
hesmn.

Phome Ffommlee beke I H0 bo nessuved from 07 to
:&S@ﬂﬂ Anslinahiong lasw Ghan 9{:: vaferying o divect
gabeliites and incelinetiong geosbor Ghen 909 veforely &
o pebpognade sotollibes,  Ib wes bhoushl 4o bo olmpler

o soasidey only inoliinelicns loss thawn zxﬁg}gg ddraot

bl



md webrogrede; v ?:::aé.@h opde the velotlon bolow
eguavion (2.6.7) push be voversed fox rebrosvads
sobolliben, Tho progran tekos this lubo account.

I8 ¢ hooomes greabter then wlly oo bhat the
program would fall at egquobion {(£.06.15) the computer
nisses out onuabions (2.6.15-18) and peints oub tho

oopnent Vesoenteiolby®.

247 Gheska on Sha Doomg

AT A e PN B B Y

Boefove produstlon yuas woerve dopw wibth the progpom
Hwo bonporoyy wodifications weve sade 0 1% to chook
the pesurasy of the neothod and bto find any oubsbandiag
progvomning exvors which night bho pronend.

Fleetly the pydgwam veo nodifled to meke btha Bun
move I o eiwvoenlaw opbit aboud Jupltow mo thob the
dosobl dntogrel could bo uwesd as o chock oo the o
wsauracy of the colowleblons.  Toe owblt of & satellite
in the vielolbty of the grovp (L) satelllbes wowm
Inbegrebed walng this moddlfled progyan for alnty
lmtopretlon steps with o whep lengbh of 8,088 x 13.@"‘“3;“‘
She dniticl velune ol the conutagt in the Integesl woo

4« OBT2E10Y



pnd Lte volues aftor 30 and 00 of sho above gbeps wero
44 QETRELAL ond
4. GETROBIAR
wospostivoly, while after 30 doublo lengibh sbups tho
velue wae
4. UBTR0L0
Tho sone intogrpblaon was perdoumed using an
orilinaey Toylon's ooplos expanslon veing the sowe sbop
Aength and lncluding torms invelving the fouwth
dopdvative of tho coordingtos. The dobervel wes choson
dn the fdret ploco oo thed sbsoguent o in the
exponglon were noglisiblao,. Yhe squetiong lnvolvoed
e glven in Appondls X,
The walna of the congbant afier 30 Toyilor sovies
BUODE woR
4, QBTA0LLL
The Poylorts sevies motbod was vory cumboracne bub

did acrve an o cheolk on tho obthew progwam. “hoe

LAY
‘J

aoopdinates and volecitdos caloulebed by the two nefhoda

afhor thilxty stops asgroed o within o fow wnits In the

i
Wbt

aighbh sdondficent Diguve.



ale work wos done i She Dopow gonpibor whiah
vogited ot abowh ong Slvo-hundeedih of the »ete of
Bidogrove Meols Ib yae thoveloxo nod poosibile Yo
poniomn the ehecky alber s much Iougew porlod of
Inbegrabion bhen deserdhed aboves TI vos neb bhousht
wordh contlouing Thiy worle on KD oo 3% wos foly
et chook Nosd won o aapo sedipfootory chaok of the
pogpens One oFf the Gleadvantages el bhe dooobl
Intopvald chook fs thed the obspgw in thoe velne of the
Foeabl gonpiond ey o given nuehoy oF abeng L no
fadieonlon of bhe slas 00 dhoe sorposponding oveors dn
Bhio ooordinates, vologition ond opeuiabling olomwads afbop
the onme aopber of abope. In foob A% won notiood iun
dovelanisg the progven thel progpaming ewress which
e pieo bo peletlvely levge oweoprs in the calonlated
sotrdinetes afleeted the valve of Yhe Joeobl sonelant
GO o much Losper oplont.

Tha pocond ohosls which pog pordomed on 0088
yedug Yhedebone Algol consistod of dmwring the Sun

ES

sdtogetbar po that what the progess A was 90 ealowlate
Hhe sucoonelye posiidons ofe. of o 80bedLlie aoving
woder She fafluence of Jupdiar adoas. IF woudd than be
ompested thot the Jovieentnle glumemts of he

b

sobellite world posedn eonptont shroughond the dwbograilon.



As o farther choel on the progren g Bobellite opbli with
o wolatively high cocondsdoliy (08) was chooen ao thelb
bhe peogwan wouldd wogulre o alber the aizo of the
fobegrotion gtep Srequontly.

The indiiel olenonts choson o

JLa @

§ w §.2220 2086 322 % 10™F padions
@ e 5.9909 9019 BEL x ) @l

& o TR8T43 2530 B8y » 1{3

W =-3,3415 9265 360 ealdsn

ik

T = 1.0306 2965 728 m 10™C
Afban 26 movolutlong of the pabellitoe showd
dupltor {(l.o. sboub 26000 eteps of iotogeation) the veluds
of bhe olomenbs wove
JU = ~6,5600 6831 833 = 107
1w BLERR0 2086 440 =m kﬂ‘“’}“
0 = 5.9999 9919 301 % 107
o = TJETHL 2343 10™3
Vo w3.2405 9255

#

3

358

&

L2l
L5

Yy

7Y g 2070

In o gase 434 the ebhange ln the oloments, due

T = 1.3306 2968

-

progusebly o oumding of and btrunestlon sowors poach
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the sovanth sdgnilicant figure. Hope of the sabellite

prhite in the wesld cose will be indogeobed fov nove bhon

% 4

o lundred revedublons aud A% will bo sssomed bhrovshowd

thet the Jovieontrio olanuoids gre seonpats o flve
slendlicant Diguves. In viow of the abovo cheook thie

asvmpbion would eppeay to bo Jusbliiod.

2.8 Hellppontnin Blemonts
TH wdill sleo be noconsery B0 sompute thoe hellosentric
covrdinetos and olemuds of & satellito which bhop coocaped
Deen duplier fvom ibte Juvieontele cotwdinebes,  Anothew
progvon woas wilbbhen Ju Vhobgbone Algel te do shisn and lg

dosdribodl in secbion el
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Selences de LVinivereitd do Pardy, 1959

248 Allen, ¢, W Astrophysicel Quanbitioo 2ad. ediiion
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243 Bmext, W K. Poundations of Apbnouony peB9, 1941
fed {n) Bodexn Conpublug Hethods, National Physioel
Loborabory p.08, 1561,

{b) D& Vogolaove, . A« nobhod Low ﬁﬂ@fmmﬁ%@ical@
Intogration of dliferunticl vanetiong of second
ordor without omplield Sivedl dovivatives.
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b Fidu \vin o C§ E ¥y - . TR Ay 3 FRTNENRN A QT ole ol g g
Bhe Stoebine Vel ond Wiesos (omfdmpatd one

A

BB T i DY S TN T

3+ Phe Roold Sotoliibos

T4 wdll be nocespony o conpube the orbite of
hypothebleal jovien cotollibes in orbits with tho mesn
elomants of the sabellite groups (1) Bo (131) of seoblon
Lade  En o Ghis poogblon 4% wlll be explained bow {Ho nosn

elononbs of the growp (1) sadolllten wvere obiolned angd

dn vectdon B2 It will Yo expleined how thong for the

geonp {34) ond geouwp (1AL} sebelllten woere obbalnod.
oo olopeabs for sabellitos VI and VIT wore btakon
Lrom the "Bppleandorny Supplenend b the Astronomioanl
Tohemerde™ {(rof, 3.1) sod ere due o lobone {rof. 3.2).
The clonends for sgbellite X are due Lo Lonechove
{xofs3ed)s
Tho olements Ly, o, 2 were ag followsy; w veplacing &

i e olomond theoveh oguabion (2.6.17)

a € 0

¥ 26%4.36 (4 1740 1.43675
YT 29970 0.80719 . 1.36647
i 203605 0. 10739 1. 38679

n badng wesanred In degross por day.
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W2 a



ey :E,&w.s.,am&.ﬂsxcm i the coses of a9

aad TIL ore wi ***5:1 vappeet o Sho plenw of

orbit abowt bhe ési?ﬁ" bh da the cang of X

wespeot o the asliptic. Flgs 3ed showe

boelll

Jupdtorty

s
.i# VS;Q

Hha

the grest olzolos

noprosenting the plovos of tho orbite of the gotellite and
the Sun on o Jovicentzic oolestlold sphopes.

¥ and 8 ave the sseonding nodes of the two planes
on bhe oolipbiec sad 7 4p the direction of the Flest Point
af Avdes. o find bthe inelineticn of she orbilid of dJuplte

% B0 tho ple

: M8 o

Sonala

c«»\“

G b gode

Ll “*:3’1“’3 & l“iii &

3

i miey g Y o/ "
ansle §° is

LAY
k)

Imow {5180 289005

aogde ¥ is glven by Tenechova bo b egoeld

mre WY 4 givon by tho Alfference

?#as

¥

the two asoending nodes L.g.
W77 s 99992039 - 80973500 « 10900

o0

Yemechova's figuwon.

Thas in the sphoricel teiomgle o

0

ineluded gide ave hwow.  Thue by

fororls of apheviosl

knovn oide ey be obtelned. ihis Tommulse

e of Jupiterts orblt cbout dhe fHun tho

ol Tor the saele M,

Bhe dusl of the

vl ho i*SUﬁ

in the kengitudes of

36 uslng

anglos and the

SO8IR0

txiponometny tho augle oppoglio the

ohbained fvom
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aoherice

Inalinotion 48 v

o
s

A

the

q e

i



goRine Dopumile glven Ol by Smowd {wofaied) oy

»

B fogmads thoe oupplosond

]

o why N, S N e, o 3 e X B o "
agpEtltuting fop ool sido In

of vhae opposlie ongle and fow noanglo the supplosons

.}

oX thae gppoaito slde. BRo Qege waly 34

- . " ¥ - . & < . % / e
Appdying the cosine Jopuwde to bplengle MM
o e
Goo M = ogon 0 oos n' b slo n sl o oon B (33T )

‘X

in bhe uveueld notobion.  Honce the dueld of (31000 4

R |
wop W oe oo N cos B - odn B gin W@ cog /Y {3edels)

Eiving ¥ = Q??ﬁ?@ﬁ
Tho sy ues of d;a,n, fop the theoo

sobeliital wore

E

“, L) l‘i_}{}i

L ,;.2 far
0w Qﬁ@J?h
B e U404 dagrons/dsy

= 0668 madlans Feplber yoaw

sy

-

wes endonlabed fwon (86,17 givi
& o A 0084 1z NI

%

ré? l{,s t’f\?pa&x (] ﬂ«?.- %33;3\! *r‘{; "g w

57
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Thepe thyow v&&a@é éﬁ Sy Oy 4 w@re‘aa%& G0
define vho indilel oscnleling elenoubs of an ovbit
in the meon position of the group (1) sabelliton.
The correnpunding %Q@Pﬁ‘ aben mnd v&i@aang component e
wore calonlobod fwom She Lo Lhowing f:;fgmz{ss.mmg vaking
the sabolliite to bo ialiially ab pomijove eand on tho

iloe Hwedupdbor

Ay = CL(\._@) | (LZ.\-@)
kg‘\-M)
0 2 5)

I

&
l
o
(-\
)
(D)
~—

[ /M
[ A1 -¢)
n this csso B, @ 28086 = 1(?”8

1 N .
o = 1644344

3371;‘ 5 6{3? 3?
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3+2 o Aobrosundo. Subiodlilion
ha Qxﬁiﬁﬁ of tho three setellltes in gwoup (1i1)
off sogtion L. were treabted in o alniler nmomney. She
oloments of Jupdier VEXX wero oplendetod feom the
saballitets coopdingbos pnd veloolblion o glvon by
Rovolawsky (zef 2.3 217) walng dhe oguobions of soebion
2.6  The olomopts of Jopdber IX were duo bo Hisholson
{nof.3.6) oand dhose of duplter %I were due o Hopgeb
{zef 37}y In tho capes of Jupiior I0 and @mﬁiﬁaw £
the inelinoblions wore glvan with zespoot bo bhe eeliptic
ed bhe Inolingbiong with rospeet $o the plovne of
Jupdberts orbit were codowlalbed sa in poobtlon 3ol
Pho noen elomonts fop the thyee satellldlon woxa
i o= 88
Q= G302
e 38,14 redians/Jupiior yoay

L -l
o ow 200083 w 307

2

Indtind coprdinetos and veloalidlog wore chldoulatod og in
the previons geellon. Theoe wepg -

%, © 2,06549 & 107

74 = 42636

53@/ w8 o HOAAL

59.



Indtind cooxdingtos and velooltlos ond velosition wore
palavloted for Jupdter ¥IL feom Lbo clesents on glven by

Hovrielk {(rof.3.8) Thope wero

5 .hnt é}’ 041 "ﬂ‘h
:'}'Ei‘f « 2065 34 1.0
&?3 o QE?ERW
“5{3 as 36 TAO02
Je3 Mipop, Sonddoueatdons
12 » sabollito intogration i bogun whon the

Fy

gibeliito o at o Umiveor sonfizpreeiion® (sce noebion 1.2)

Shan tho path of the satellite in the fuluwe will be Bhe

wmdrpor lnage aboul pomoe line ep some plone of Lla polh

in she pest. One adventage of sberiing off o sebellibo

i

dir guch o configunzation fs thot by compubting Lbs orb

r3

go meny wovolutiong in the soneo of increosing tlno
infognetion nay aloo be obirnined aboulb the orbit of the
sebellite for as meny wovolubions iu the peet.  Fow
omempde AL the sebellite should ot some bime in the fubure
gaeope Drom dJuplier then 44 noy be deduved thot ot o
aorropponding dlue In the post tho sstellibe must bhove
boen coptuved by Jupdiowe  In this way Information moy
bo obtained pbowt She olrouwnsbonces of @&g};}*’ém:e@ af
wharelds by Juplter fron tho nuwmevioald intearetlon of

Jovien patellites which ovenbtuslly escppe fron dupibtor.

50,
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The pavbionlay miveor conflguraiion vidoh will bo
uped & grooy deal will be o have the fun ot perijove

and bo Lgoin She Inbogwobion with bthe gwteldlite on the
line Juplbor-fun f.0. o the posibtive helf of the m-aumls,
with its veleoeldy veator perpoendiculor so thig lino.

b ip caneddy seon that this condipuwestion of dhe thvee
bodios sptisdios the ocondiilong for o ndreor condigurabion
aa gdven in seobion 1.2 ond dhet the past bohsvioue of
o dobollive vwhove Inbogustion ls bogmn ab 4bhis povtilcoulor

wdvpoy fhxamifigwmﬁim iu vhe vefiocbion ohout the weoxis

o Lho fubuve bhohoavrlout.

Jed Bondelivzor Sontisueoltions

‘mm e

Upeful though whe Ldon of o mivpor conliguration moy
b 4% wouldd gppoer do hove some dlalbabiong. L% Ao
avguoabla, for ilustmice, whother any now infommation ig
gained by deduoing the post pubh of o satellite fvom Ltn
Subune poath and, in conslderdng the coplure of aslberoelds

Py

by Jupdter I% in o gonsidarable resiriotion to be able fo
gonsider only thope nwborodds wileh alber ocopture will

spoepe feon Juplier ggeln, 0 booome

C‘J

sooney ox labow
soteroids in oxoctly sinllaw orbidto $o the ones In whilch

whey were In praviovmgly. Jor thone roagons the Ldes

Gl



im now indvoduced of o "oeni-niovop G&%ﬁi{u“ﬁﬁwﬂﬂ .

Ho atboopt io sade do genewedlse the notlon as Hoy and
Ovendes have dong (ﬁ?@&&ﬁi 1e21 for mivwvor confignrabtion
but ono exomple of such o condipmation which will bo
uaed labopr ls gleon.

Bappose that the Bun lo &b poyljove snd the
antelilte ds pliested on tho line Jupltor-fiun bWuk now
auppoue that the v&&a@i&y vastor of the sotollite molkos
on engle gl equol wo 90%ith thie line, The thoes bodios
wee thoen gald $o Lo g Ysenlenlrror eonfipavabion®,

Po intograte the npoet poth of the sptellite 14 wonld
be nooossery o xovorsd bhe welooddy veetorn of the
sotellite aad B0 nahe tho Bup move in the oppooilo
diveation abould Juplier. Howover on oxsolbly odnilor orbld
$o this (Shough She veluen of ¥ eod ¥/ would hove the
gnposite edgn) ney o obteined hy weileobing the valoelby
voabory of the sabtollite and tho Swl{for the Poast® orbii)
gbout the Sun-Jdupiior lloee Tho Sun would now nove in btho
uanel ddrection abouwd Supdter and the inditiasld coondinabes

tha potellite would boe the gond so for she fomgned

inbogration oxoopt thot bhe ﬁa%&l&i%@’w*v@&@aiﬁy vagbop
would be reflotted sbout the idne In the plone of the

fante orbit ebout Jupiter passing bhwough the satollite

and porpendiouiorn to the Sun-Jupitor line. Shus Dy

Gy



makdng the Syansfommation

:z%-‘.% & ‘5%‘{’;
Y 5 oy o w2 £}
By = By @ o
thy & wit
I « o ¢
§f¥§ "y &
ﬁg “ Gy
& sl s =] 4 {
Go the oxiglonl plarbing vobaoes & By Yo By w@g‘ Jﬁg By
sho opbil oopeesponding o the pagd bohaviowr of the
optoliito pay be oblaineds Oy intopwating the Swo
fgomndsmieeor? orbite A Ly possible Yo obuadn lufompation

ashowlt asberolds bedore and after caplure by Jduplsor.
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eplansbory uawg&&m&ﬁ% e the Sebrovonicsl Iphoumeris
and the Amewiose Nphonoris and Houblosd Almanad,
0358 Hoy Madewby's Statlionery 0£5ice 1961,
(a) Bobone, J« Aotoonomdceal Jowmal, vol.dd,
ﬁéiﬁgg 1835,
(b} Bobone, J. Aobronomicol Journel, vol.45,
e 389, 1936,
Lomochowe, B, N, Bull, Tast. Theor. Sgbvonomy
~liendngead, vol.VELY No.2, 1961

o Smart, W Mo Sphoviosd Agtzonony, 00.0., 27,1060

e

) Todbwnbow, L. ond loobhewn, . G, dpharioal

e ioce @ﬂ&&%&y Podd, HMoondlloy, 1960

J+6 Hicholaon, S B. Asteophysiceld douwimeld, vol.loo
neBT, LO4S.

327 Howgetu, P» Publlieatlons of the Astronomieal Socieby
of the Peelfic, vol.50, 9.347, 1938

3+8 Hopyddl, U, Publicabtlioos of the Asteonomdcnl Soclotby

OF tlhe Poelflc, vol.0d, p.235, 1952,
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In thiw chapber tho atebllity of owbito wilh veorions
indticl opoulobing olements will bo considoraed. A1 the
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Io eddition an ovvld may be refopzed to by number
corresponding G0 bthe gbortlag veluen of Llis oloments

Qufls BV 28, Tols number moy be noed 6 2ind the initial
elancnts ond 1iSetine of the ookelllte in tomms of
vavelizbiong about Jupliow fvom Appendix II. Seuorwlly
gpanking tho OV number s an lundiontion of the oxfoyw in
witleol the integvations were performed on the compulop.

A sobellite opbiv 1o sald o bo ghable wish poopeoat
b0 apospe feon Jupiier AL the eabelllite is shble to
gomploto ji’:&.*#‘i"%zy sovodntlons abortd Juplitor without
ogeoping feon the plonets A sstolllite is sald to
oseope feon Jupldior the moment Lbe omoulelting Jovicentzic
gecentbriolsy booomen gyesbor then wnlty. 16 i realised
thot o setelllto could momentorily bheve on orbitol
eosentiplodty greater than unlty end stlll net aobtunlly
esenpe fyom the wielalty of Juplier wut dhis wan nover
gaon Uo hoppon dn ony of the luobegyations porfopmed sud
A% de fedd thab the above definibion of pueape feom
Jupliter lo o reosonably satlipfoctony one.  Baoch
Jarbogaation of o oseaping oabelllte was combinued unbil
the seballile wos ot loopd odo Jupiter unid fvom Jupitex
po that thowe was no doubl thot Lt wes no longor moving

prodoninabely wnder the influence of the planaes.

66,



4+2 Gomporvdsol of Dlesed ood Dotwoosads Gwebiho,

Table 4.1 conparey the eelabive suebility of the
orbite of divoet gad rebtvogeeds saballites,  Bighi
gond-medor arod wore chooen aad btho orbilts of sabelliben
whith thess indtlsl oond-mador meos and with tho wsual
inolinablion wove conpubtod hoth in the diveed and in the
potvogrede sanpe and with ocoonbelolbien O and Ge3.

As wpudld prosmumebly be gxpecbed the stability of &
pabellive ovbit dauvecsos wlth oreasing seni-najor axis.
It s olwe b0 ke noticed Bhot vebrogvado satellites nlvoys
romained in orbild abouwl Jupltew Lox &% leasd a9 groend
o punbor of vovelutisns ond vouslly o greater nunbey thom
the covronponding diveod ones. ©hio lg broadly in agreoment
with Chebotarevts resulbo sumerdsed in secedion 1.10.

T4 dm of poaxslcular labuvent to note that when the orbit of
the sotellite corrosponding bo the moon of the group (1i1)
potellites but dlyeet ingboad of »elwterede is eompubod,

the ootollite cacmpes Teom Jupiter afber 29 wevolublions
abowt tho planek,  Uhis night hove boon ompertsed from
foultonts popor summardsed in seoblion 1.8 snd would
sortainly by conolobont with the view Sthatl rebrograde ovbite
@b thin dicstonon feow Jupilbor are aore gshable thom dlveeh

QNG

6?&



Hob many orbity wore Lound o be auch thet bhe

3

sobellite omeepod fvon Juniber afbor bebween thren and

%

' d i vos "} naddr d ivder Iadmels lelagan W e 0oy oo oEe e W i 4 " RN
ARGy povelobions bud the oot thel o Lfow sweh opbite

wore Glasovered ouggonds that 4% wos vathor prepeture

it Chehoborovw and otherol(soabion L.10) 40 conclude thad

-

eertoin sobellibe orbity were stoblo aftor the intesvation
of only o few padollito rovelublong shoul Juplion.

From bable 4.0 &6 might boe conoluded Shed spprosinetely

¥

sleeglor oxbidn pbout Sfupdtor in the Mregb oonse ave
ghoble ouk bo o dlotence of 37 = A07° dupiter mlio
fmom Jupltor whllo roteogpade orbiby avoe ptadle oulb o o

dlatunce off 5.0 = Eﬁ“’a Jupdtor mites ®his Lo porhaps nod

g ¥ ¢
Fa

slvietly the cose 8¢ gon o soon from tablo 448 vhewo LU
Lo shovwn thab the mesn dlovanee of sone disbont vrebrogrede

perollites fvom the plenet seons bo doorenso afber o nunbon

Fy

2 wovelublons. D6 would soom Shebd the soler perturbstions

-

gon he aueh ag o eing o distont pabolliite olooor in

H0 the plened, o mochanlen which ney bo autremely wsefal

*

b ompladning he prosent positions of the owber pabellltes

+

2,

s

dupdiowr.

«

of

)

The value of 3,308 for ono of the seni-mbjor oxes

BonT ]

in tohle 4.1 scorvesponds o the coanenousabilidty of 1/5



nd the volue 3774 o the copmonsueability 3/4.
fhe value 2.908 doecs not correupond S0 any oompensurobility
but i sulfloiently alose To 3,774 to provide o compordson
bebwesn adjacont commensurable ol nop-gonucnosurablo
orbites  Thoe lopger velues of the semi~mpjon amls hove
no parbiculor plgniffconces, I would gppear dhat no
cotglusion Crn be deawn from table 4.3 to suggest thab
commnensurable orbits ere were or leon stable than

s

sdjooont aon-oommonsusable onod.

elao bo seen feon bable 4.3 shel o pabelllibe

with initio? coccenbelolly zero olyeye hon o Lleast ng

a—x

tong o Mifotime (in texme of mmbers of woevolubions

phowt Jw é.’iﬁ@iﬁ?} wo the eopresponding sobollite with
gocandipiclly 0.3,  Chebobarev (geo seotion 1.10Y whb
pood sogmntriodtion 0 gnd OG5 ouwd bo bhe somoe songluslon
Waak Lor o gerlon of oxbite alld wiith thoe owmre Initisl
sonl~pndor owds ad inelinabion the offvet of incweosing
the indtinl ecoondyielly of on orbis is to decwvease the

Y

phabillty of the ovbiy,

W e,

Pable 4.3 ohowe Shis mops eleavly. The Diwsb four



orbits arye {ig. Least and bhols xms«uj G axen sorpogpond

to tho momn villnes for the group (i) mnd geowp (344)
satelliten of pooblon 1.4 which spe of couvee pelzoscsde
sabelilton. he epprovprisie coembricidies For the

twe groups 60 0.15 ond 0,30 pospechively. It 4o bo

be noted thed the oy satellito which oseopos Spom

Juplber alfter o velebively shord time is the one with
st bhe Lepger poal-mejor exla sond the grosboy
aueontad el by -
e othorsixteenovblts ave rotrogrsdsc ond bhe
patbepn o aindlar.  For both the velues of seni-mgjon
pzdes bed theve appooei o be o cul off in ahobllity ab
v poddrieielty botweon 0,25 and 0.4306.

L1

mince the Lifebime of o satollite oppmpontly

doovensce with lacreosing inltlel sonl-najor anio gnd

5

with dnoresslng iniiiel cccenbeicity of 16 orbdit 1t might
ho shought thaet the atabllidy of o nobelllte orbit might
merely be o deewenuing funetlion of Lbe apojeve dilsbance

%

Lo the Andtiel ocsoulsbing opbiy, given by

—,:'3;‘ c‘i- o
a,{1 + a,)
However by calounleabing velueo Loy this expresalon Drom

the data dn tebles 4.4 and 4.3 4% Lo coplly seen that

Hhia s not bhe aapg { o0 table "%’n‘@?ﬁ



dod Efinal of Inalivot:

RTINS vt w»rm’nzan

4
#.C
aeA

L]

To Juvesbleete the effoct of the Indbiel orbital
Inclination on the Lifetime of o aptollite AU was
dogided o toke one dlress and one webrvogvade sobelllte,
aach of whilel Jflmﬁl o Aifetine of about ten povolubions
shont Jupd umﬁjmﬁ o Lawostbloate the u“"i‘mn. of chenging

She fvhiod ineiincbions of thono padellites on thais

el lites mishd ho

L

Tafebines. b was £t bhebh bheso o

-

Loilriy censitive to chopnges in inclinotlon.
The yoebrogroda satollite choson wan ST 43 ..
B5.0/0,25/92 whiah m;emmc’i Zrom Jupdboy pfbow 12 revolutlions

about Hhe planat, Orblte of wetwogyade patollites wib!

A 2

q '\ u" 0 2N S £
ity and with the

Toliowing nolinsblons weke oon 1.3){?{;:{3.,‘ ;9 . 2%.509 45% . 609,

dhe some serdsnndor grieo ond geoontziod

,-54»

‘?’iiim»} Phedrn Ldfebinos in ftorwg of wovelubiong aboud
Jupitor and Shet of BY 43 wore oo follows

PR . 0 v I ' J\y &
1 difehing

P PR ILS Loeeseered) :o_u..

4 >80
15 S 50

‘w

22 Le
45 3
G0 3

3
i
o
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S T N oy e P g s oz oo Y o o O T T ey rde Ko T
Tt would appenr from bhose pesulbe thot the mealier

the dncliostion the prector the otobility of the ovhili
ok el REXEN Sopehe ot U A (£%] BN WLy

and thero would appoeny Lo be & sbawp ewb off in stebility

soasewhere bebwesn 15 ol 45 degrees of incelinastion.

Ll e P B TSP IR
vhooe rostdlis woodd suppont Yhe eonglusi.

{oeotion 1.7) who found in the three-dinensional threee

R P N Tl SR 5 by S
boldy wroblew (not elliptleel) thot ovbite with lorgo
4 S 1Y ey wwhabl
L A LONE VoS ALY TS JA.Ca
RIEY & ~ Y adw o .P- 2 B opryngey gavle Lry T i
the divect saselllte chosen bto invesbigeie the
V£, T O S 4 PR L ST W L
3»‘... NIt is IR X 1 g N SO0 T WV D LeCGe 3e 3 ;7,/ Ue g e L

I R 3 e i En S e . oy g oy 3 p el gy e ot 2
divecth aatelllite ovdits were conmuved with inelincbions
e vyl 4 ol oLyl ™ p 2 B rt R N P, P L S
I T 2 AT 00 TBY and oyt Ve couno o IS RERE NS O
T [N U SV 2 S [ oy Eg 8w . A [T N
Lol eccottoiolty an wv D Lhedn Lidotimes aue ot

O uY D were b LelLLows -

. o el A
inetinabiond”) Lifebing
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;imz*cza' the pobbern lo aweotly tho opposite bo the one
fow the vebvdgralle sobelliben. IV would appeay Shob
for fdwect oobellite ovbits those with Lulgh ing jaz bions
ore mepe stable thop thooe with low lvolinobions wkxméa
goudd apparenily conbtzedicd Gondas,

As o oheol on thin eonclunion chowt dlyvests orbity bhe
orbdt of BY 2 d.0s 2.968/043720 wap rocompubed wilth an

a4 dnelinetlion of E’i@' anatesd of 2253(“" “ Thin

é:}'

Ivbegratlion wog glven the mmbor OV 64, dhoersag SV 2
engmped fron Jupditor alfier RO wevolutions obouwtk the planed,
5V 54 esenped afber only £3 zovolubionm. Thio would

pppoan B0 support the conolupion thot fox dizect oxblin

with tho some pemd-nelor oeds and occontviclty the hisghew
the lnelinosd im Tho grester the glebllivy.

fo thie sootion and $he nogt the oxbits of some of the
sovelliven: pevticulerly bhose whioh wemsined fop &
rodotively short tlme in bthe vielndlsy of Jupiber, will

be dloonsead In nore detall.

p )

Of the Mnitially clrewley direot orblie OV &,

3.TE/0 won the one with Whe mellest send-nojor ails
‘h

whieh egeoned fvon Jupdier afber o few pevelublons.

Figaded ig

]

the projection of this orblt on the 2=y pland.

bs

2.

oy
el
{oie



fhe Sun A5 on the positive hely of the m-swis &b the

boginning of Bhe fabogretion dod ibe weletive pesidion
sfter ecach rovolution of the satellite iv glven in the
dlageen Lo the bovbon elght hend cozner of the figove.
T ol the disgrems the cowtinpous Likes reprooondt
the parte oF the orbit aboye: Sho ey plene ond the
dotvbed Linoes the powbs hodow thoe plenoc.

ité: oow bo seon feom the Yiguve bthet the orbld Le

an &»,m ahdy edmost olreuler bub goon boodnos movo
ellipbical aad afber o foivly oclose sppwonch w0 éﬁ;&};}i‘iﬁﬁ:ﬁ‘-
the satellite leeves the vicinily of the plened
Lhogethe

BY 24, a%,,;gé}(mm Plmedsd) has o rathor sinilow
orbit but in this cope the sabeldlibe nelen & close

-5

gpproach bo fuplier ofter Lops thon one povolud ond

i)

Hatek

i»&

then leaves the vicinlty A the planat :'*;3."& OfE"

SY 34, 6070 (soe £iged.3) nover peally revolvoes
powad Jupdbor ab all. (leawly there i no point Iin
soneidecing Sdvocl inibia Q;f alroudar orblis with
pand-major axes groetew thon thig.

o oseomy o be & ferture of the nmmor 0F oReono



0 dlrect sotelliles fvom Jup mfi’simﬁ hobweon the

boglandng of the invegeation end tho monont of opoapo,

*,

the oseilliastlons du bhe oablied soseutydoity should

brudld wn and bhaet bhe sebeliito should oscape foom

.

f

Ak,

dJupitery after g Tadrly elose mpprosch to bhe plaved.

Ihe sabellite will vouelly abiadn o feivly lowvge
spojove digtance along with b dogpze oebitol oscenteioliy

’

{obout 0.8) sbhout one wevelubion befors opoay.

&3

&
3

L% will then eome In towsrds papdjove sbill with thisg

dowge eccenbplally vhich noy oven conbinne 0 zdao

Kok

afver o ;v’:.,fé.{}; wodove. Oneo the selellite ip wiihin

o

2.5 m 10 :,fm:z"'cfz? ity Droa Jeplioy Lia orbiteld

slomsnts pre oo o be wowre or lowun gonobtoand due to bthe

preponderance of the gravitationel pbivectlen of Jupliex

va

over thal of the Sun st Els dlstsneoe fron the plonet
so that the eatellite’s motlon 1o coaentislly o fixed
gdlipso sbout Jupliar. I dhe sobveldlibe reaches this

L.

m

dleboes from dJupdbor with o derse orbliel cccontxdolly

"

an ito woy In feon opojove LU will thepefone bo mora ox

(3

Joess commitbed o o very olope spproach o Jupdton av

pard Jova, Afver this olose sppronch the podivs vegbor

a

i the oabteliltols oxblld willl Incwsose gupdn and, gince The

a3,

pabelldto abill hoe s lepge orblied cccomipilolty At will

hove & lepge potentiol apojove diotanoe. Howoevoy 1%

(i

Ry



1 8% 2

would apposr that the esabellivc ve oty nanegas o
reaeh thie apojove bodore the poley perturbobions
hecone sulliclontly lerge Lfor 46 4o ewpespo Leon
dJupilor albogothior. Dhe pone pabbomm ip geon in
Choboborevis work (soohion L.30).  Fig., 4.4 1o ove
of hig integeetions which peoording b0 the netotion
nere would Do 8700570

Althounzgh on thess olose ppprosches bo Juplier
the prbollito would some vepy olose fo Jupltew

a ¥

sompared Loy iastonce with ibe doltianl jovicendric

digdhanos on no Goeasion were nogy oollision orbite

dincovered.  Un tho ciopent approton of & sovellite

.

o Juplboy That wes recopdod thoe sabellito won ab abowd

e

the élptonos ol the onlomost gelilesn spbellite Lwon

ot
£7

dupdtor dl.co oboud 0,012¢ apteonoaiosl wlds or aboulb

Bed w AY° = dupiler wlits. Pig. 4.5 shows Sypleal

il

Siuetuabions of o oond ¢ for o shord lived diveo

Indtlally oleoular ovbllt, In this cese BY &
iThe lonclinotions of these shopt Lived dlved

sopiollltos tonded Lo voppdn fodxiy conobomt. Fow

auerple in dhe cope of BV 24, 4.5/0, with Initisl

inglingbion 0.4073 redlens, the dnolinsblon antll

Juet before the monend of sseepelalter cne pevolublon oboub

dupitern) alwoye loy between 0,44 and G.49.



In the care OF 8V 8, 3.7770 the inolincbion alws vy es

IR, NI S b SR Y ; et " k by 1 o " -
v hotwoen 0.3 and 0.4 il Just helore escape

2

«

sor bwo and & kaell revolulions,

The pattorn Ler short Lived direelt oobelliton
with lnitiel cocontwdcity 0.3 wen pathey similur o
that doegoribed gbove omoopt that owboliltes with
Hhis ecoentrloidy olvwoys esvaped feon Jupiter albew

%) .

Yewer zavobutlons thon the covvoesponding ones with

secentplaelty sore. o g Jow opoasiong dhoe integeatlon

was begun with the sobcllite ot opposiiion iuebood of

gonjraebion with mespeot o the Hung FTor cxanple

Y 26, 4,570,306 and 8V 28, 4.5/0.30(Li58. 446 omnd 407
Howovey, thio didpbtinoblon sgz:g)ssr:'ea;sryé;}-.y sade Littic
ifforence o the lifovine of o selellibe which €ug. woo
theoe revoluwtiong fop both SV 20 and for BV 28,

BY 20, Be070.3 (£4364.8) provides on lnberesbting

gatn of o clooed opbit. IV smdght Do bowmpling o concliude
feom the luntegwebion of o minglo veovelusicn bthat the

onhit g vouy ebable aluee ;i.?’s 1o eloged in threo-
dinenpionsl opaoa. E-.{{}xm%,?:@:ﬁ% gineo the sobeldlitetln
veleodty will not nocosnorily boe tho sgone afbor one

F

wovoduhion oo b wan inltislly oad sinceo the position



of the Bun will bo ALlffovend alier one revelubion of the
poteliite snd consoguenbly Lhe pewburblog ofivet aloo
Ehare Lo no reeson 40 bHollove that bthe satellibe wili
cortbdnue in this closed ourve in the fubure. In Laot
ag oot bo seen Svon bho Llgure The gotollite vscapoesn

feon Jupddor olber one end & kel rovolublons,

vade, Qriblis

Whorenn for fhord lived dirvest soboldlitos the
nenal Lifotine for on socaping sabellibte was aboubt thoes
vovplubions aboud dupliey, Low shorlt 1dlved zetrograde
sgtolilten Lifotinen of foury Sive op wlx rovolubions
wora nueh more common.  Agedn tho pabiorn woo usnelly
that of o rolabivoly elesulay orbid bDocoming mowne
arliptieel watdld alter o yelablvely cloge spproach B

.

Jupdter the sebedllite would eieope from the planct

albagothens

w”x

Base 449 40 431 phow the upoleotliong of the Qrbito
oFf pome of those retrogrods sebellites on the a-y plone,
6 con bo seon Dvom song of the figuves dhat thoe opbis
inalineticna of dhese sstelllites pufler muoh grecbar

vordadliong thown in the asse of bho diroot ones. Poe

Tie



]

sxanple in the cose of BV 21, 5.070.3{7flg 4.0) with
Indtlel lnolinotion 0487 z=adlenp, the inolinodion
veries bobween 0,380 medicnsy opd 1.0 padlens in the
fiewh Sheoe vovolullong of the sohellibe abowt Juplier.
duothoy way An which tho xosgogpalde ovbits diffex
Fwom bhe diveetv ones lg the mbte at wideh the ling of
nodes rovolves,  The join of o dotbed line and o
conblouens Line on any of the figures Indiosbon the
direction of one @ad of the 1line of nolden. In btho
gage of robreskrade ovbito Hhe llne off nodes oan wevolve
shyongh 100° in chout bhuee wﬁ%&lﬁ@&ﬂﬁs of vhe satelllitoe
ghout Jupdtor {(soo Gege BV 81, £4gsdeD) whovons fow
Alroet orblis with o isdloy 1ifeSime he wabke Lo
updedly about half of Bhis (s00 o.ge 8V O, £imed ).
These Swo differaneos bebtwoon dlveos ond votpogrado
orbdbo in the vate of novementy of the nodes and tho chonpoes
in the lunelinsbtions should nobt hove boor wenpodhed.
Whek hove boon goapeped ape dizeot end welvoprade

L

potelilios with sluilap Lifotines choul Juplter, namcly
3 or 4 wouoludiong, As hep plroody boon sgon Sthe
robroprade sateldlteon concerhoed mre i orbite whieh axvo

much fusther feon dupdter thoen the diveot ones ond would

therefore b expested o bo much mowe poxbturbod by tho

l‘?g i



atbraction of the oun than tho direod onos. As bhe

e

Sy

sheyres An the lnclinations and bthe movenent of the
nodes ave ecaused entizely by the Suato porburbatlons
A ks

on &n oxrbdt LB As net sweprisdng thot thess effects

PP e gty I T 4 ap o gy e ey YT IS PO 1 3 L
e grogter Loz the retrogrede sslollitss than fov

the diroot onod. T now the change dn the inolinobion

s o e

2

of the direet sabtellibte W &, 3.774/0/0.352 rads. with

g ronge dn doelination of 0.3% 60 049 medlons ig

td

compared with thet of the velbyogrede sabellite UV 9,

o EpRe A s Tt o shE spel ofe . 1 $ o 2 .E
e FTASQ/Q, 388 wadions wilth o range in inclinobion of

239 Fo G40 wadlans, bobh takon eveyr the fipst dtwo and

a hodd revolubions of bhe indegrebions, 34 is geon thot

e

B T SR . S ey U S T T s gete [ ~ oy
dirvact and petrogeads gebelll oo o the & divbanee

From Jupiter sulfer siudinry changes In thelr incelinotio

L ]

dug Yo the perbudbations of tha .

«

g

4

The orbit which sufleved the nost deamobic changen

in iho o 3 Swprabd e il cwEoma o oy Sy o S oy Apmmeebed
Ju Abo funolinotion wows SV S T PR PR O UL W o) T O SR A £ 51 RN A ted

L3

Iponn dupdbor aller threo rovoluilons aboud thoe nlavet.

MLz ds A2 shows how the inelination of this owbit varled.

4o Shrewiny Orbits

Sk AL TRANC i Y Rt e § RO @.ﬁ

I the coursa ol bthe inbograticns two almosh cilres

80,

3%
i '\fM



vobpbgeado orbilse wore (locovoweds  Bhase wve
R TAS M oy el bEE S b Yo u ) VR JEERL. L RO
SY 37, 450,15 end 5Y 39, 5,0/0.15. fhe projootion
oL BV 3D on the ey plane Lo abown Jn £ig.d.13,

The fnbegretion viow oonbtinued Loy L0y weovolubions

of tho gatellite chout Jupdtor bl gredeslly the

3

orbit beenme lope olzoulaw.  For tho fixgt throo
revolutions of the ssbelllite the wedive yoeoebor glwayo
Loy betwoon 44814 and 4,79 » ii}g Jupiber welts which
was much woee congtunt then In any of the othow
Intogrutions,  Togbead of the woding veobor hovipg shout

one momloan and one ndalnen por satellite revolubion
thope were bon 50 fwoldvo opojoves end pordioven In ench
vovolubion. After o fow wovolubions the oxbit becsmo
Lows &i&@&l&& ond aftey bon vevelniiong thore were abont
five apojoves and perljioves ser rovoluition snd the rodius
vecior vonged beolweon 3.9 snd 5.3 = i@mﬁ duplior wnibe.
Lfber forby-five revolutions the exbit was suoh more
byplond with ope spejoeve sl one powllove per revelubion
end @ pedius veobor mmging fzom 3.6 bo G.7 = 10™e
Jupdtor walbe. The podat of inboront o bhe neay
civenlaeity of bthe Initlel powrt of Sho orbit and L0 in
condesturad thob there mey bo an orbll Ln thip pegion

whiloh world womaln almost olwveuler for om even longor

posiod of bine,

&t



The orbit of 8V 37 wap adniler thovsh nobt so

aerkedly olwoul

48 Oemolundong

RS RIS 5]

The objeot of ttls ohoptor has beon o considor

wMeh Initied ogonleding olemends will give rioe 4o steble
gateldite orbits ebout Jupiter wndor the evhwpetlion of
dupiter ond the Swme Verdous velves of sonl-nsjor
anie, ecoentriolly end Inelingbion hove been connldered
ond & Jedxly oloey plotore how onevgod.

For dipvcet pobeliltos with fniltied syblitel
copentriolty seyo and inclincbion shous 30° eledility
wondd oppesy to he possible foy soal-mejor ston W bo about
3 om0 2 dJupdier wdbe whidlis the corpasponding flgure fow

vobrogeade petelliton s oboul 5 & A6 e Jupibor tnita.
Pl »C%.‘E;.f}}‘ii&-ﬁ’k*‘?‘iﬁ?{? gorvoespond Fo &lotoncen of 1.5 = : LOE
md 3.0 = im o the wowh dietont divoet md ratzogrode
pbellitos of Jupdlien huowny o prossat. L6 sooms posaible
thovelfore that there sy be moro Alsbant retrogende
satollibes not yot discovored but wldkely dhot there
could Lo any aopo dleoel ones boyond the distense of the
onboenost nobrograde snbelliteos from dupdbow.

-
L

Lo now posedibieo o considor Cheboborovts

[+

congiusionsl{seotion 1.30) thalt dlveod indiiediy

g%ﬂ.\@



civenlor opbite ave stableo within the sphove glvon by

%* = om (e 9))

& w

but ned ondvaide this ophoxe sad bhoed pebrogiade

—

Iniblodly civeoulay orblte spe otableo laoside Jupiltents
pphore of influcnca {(oodinsg R).
In bormn of Juplier widle the wadil of theoo bwo

sphoves aee respaotively
Sy I

R*' :3'\X\Q"“} R = 6.0 x1D

Thas the coneluwasion yogevding the siabllity of
Glreot ovbitn poems o be in ogveemont wibh the work
Gosopibed hove whlle tho one congerning wobpoprade
gohite does net., fhe powsoon fop the dilference would
sovear bo e lvn the loss obndngent condlbions whioh
Ghohotarey pequives for the obabillty of an orbis,

A £,

vapely the shillty of bthe selellits so pordorn sboub

k.

Thoos revolirilong abouh J@}_‘:ﬁ or withoud eoconing Jwom

the plonet compayaed, viih a8ty evolubions reguived
hore gad % Lo Dol that Bhe more sbaingond poquivumenss

of thio chogbor provide o more resldubic asseogmment of

the stabidily of o snbelldto onbis. 38 cowens the

Ligavs of LAfty Lo dho nugbor of revolutlons which o
belllte nuet 'K&ﬁi?&}}f&.@'?ﬁ@ Pow BSe orblt o bo gbable o

aBill comewhet arbiltvawy bud Yo have oonbinuved the
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intogrations of all the oeblts whileh losted foy filty
wovelulions for, say, tnother L%y rovolubiong, would
howe bosn oulbe probibdiive of soampuber bime and, op con
b oeen dyos Appendix IE; bho probebllity of o satellito
goosping Doom Suplier poans o dodpeane with the nuambey

e

af revolubtiong 44 bhes perforned so thet the probadilil

af swy of bhe Ypteble' sobelliten oscsping feom Jupltow
aftor snother L4500y oy o hwdred wovolubions would soon
to be snell. M oegonple of this fo thoe fact thed in all
the Antogpaslons porforned culy one sabollite onesped
foon Jupdhor bebwoon Lts Bith and Lt S0 wevelubion
akthough more than bwenty conplebed D008y vevelublons
{;ﬁsﬁe{s} gdon Seblo 4.5).
The restulits sy glao bo cospured with voek done

by Budpoy (rof.d.d) who atrbos thel the sverese

ghabitity ldnlt for o satellive Ll 0.5R,, whore By

s given by

&_@ = 0'3\‘(!203/» — 0327 (52

where o 4o the sesd-nzior oxls of tho planoetts orhdlb

aand /w Lo glven by

Ny
T
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Por Juplior

-'-)-. 3 Y . 3 4
%-ST x VDT dupdtor walids.

Il

OS Ry

Budper addy howower thelb sluee the owbits of zetwograde

x

gobellites poe nore otable than thope of direch oneg
sod alnoe setellites in oooonbric orbita cen wondop

furbher feon thelyr povont yianet dhan the valune of thedr

X

peni-medor axig, 4% Lo worth Lookbng fop satellidtes oul

o o digbause of 075 1, fwom the planeb.  Por Jupibow

this fo a dletones of 3.8 x 10 Jupiber widds. Sron

Ford

ho asulis of thia ehapbor this would seom $0 be @
fodaly ocmpervstive sstinete.

Endpor aloo podnts out thel & sobellife could not
vompdn in orbid b o disbonce I L frow o plonet sinco
pooh & sstellite vould not be abipest In o votaling
frome,  For dJupibor B, o 5,34 2 300 supiter welis
gand the pemudbts desoxdibed in this chapber ave cevtoinly
goueiotent with the ahove stptanent.

In seoblon 4.3 the effect of venying thoe Inidisl

oxrblied eecentydoeity of o gobollite with glven initiel



aomdsmador axio ond lnellnsbion wils sonaldarod.
For both dipoet and rotroprode dibellides 1% wyag Jownd
dhet the Lifetine of the sobellite déeroosoed an the
sgoantipioity wou dnovesoed{st loesl for ecounielcedblos
dn the reoge © %o 0.3). This is wob perheps surpelsing
whes L% Lo realisoed Thel o sobellite with o lovger
by 4o eible bo wander Duvbher fpom
whe plenet ol will therefore sufley grostsy powburbsbions
due o the Buv. |

Chebohenoy comoe 5o Ghe same conglusion regording the
greater gbabilidy of oiveular orbite Wwab AU 4o L0Cionld
Ho compare he WO .sets 0f Intogretions slnos Choboborov
suneiderod only oxblis dn the plene of Jupiborts orbit
shout the fun and the orbilte censldeved horo ero for the
nedn perd fnoelined bo Shie plaws. T4 Lo benpting
however bo deduces £rom Cheboboezevts work that thie

i

wosndt Boldr Lor soeentvleitiss ep fo 0.5 {the valne
Lpbie bite) and nosaibly

Shebotarey wend Lop his ell)
Loz highew values of the ecoeninielby as well,.

The wesulis of sochion 4l on vewying the indbinl
Inglinadion are Interesting el poethepn vot boo much

tiforenca should be dyavs fyom thoms 4 should be

venonbored that satellife verbils were ohosen which 3
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wog Lot might be falely soneitive to chenges In their
Jnellinations. fhoe the &lyest salellite ghosen for

this fnvesbisetion in uo wey covresponded o the

G “23*@4:&33,3;*%@ one chopen (he posi-neldor omes weroe 3039

u\.w"‘» 4 N . .
% 202 ona Be0 w 107° Jupdter wibs sospeotively) and
0 mighd be dengevoun o drey ooacluslons ghoul dhe

affebt of vorying the Inelluebions of sabellites widsh
GlLlferente sond-najor aves spd osecenbriciiics from
Hhe Swo cases soneldereds The one plece of
cuppotsmative ovidence wos glyan by the repun of tho
ovbit of the dirvect oobellide BY 2, 2.96/0.3 with a
gmaltor loglinstion snd 3o poboogrent oorlior oncape
Toom Ju *z}sh%m‘x:' Po wum up LY alght Do benpbing do
aoneitde Frem he roselis of sooebion 454 thed direot

Ly

gobollite ovbits are nord sleble the grester tho
incilnation aud thet relvogrede opog are nore stoble
the sovdlaey tho Inclinobdion bub oleasly the aubjeel
noolds fuviheyr investlgabion,

Slnoe the plengts o the soler syotem all yvevolwe
sornd Hhe Swn dn the sems divecstion, the orhls of e
plenet aboub the Han belng porturbed in e noblon
by bhe othey olanebs 1o nowo nesddy ctuparable to the
gage of o ddreot{rebhery thon o vobyosvads) satellite

af Jupdter bulns pevturbed in ibs wmoblon by the Sun.
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b night therefove be doducsed Dvon the »esuldy of

£

poeebion 4.4 thet plenchory orbite olbth lerge inelinotions
o, soys Uhe plone of Juplterts cebit (tho nost nassive

(‘

nianet), would bo mors shable snd therofope wowe probably

Tomd

then ordbddo in o noey the plone of dJupidboerta orbld,
fhin would spponre fe conbredied Goudes! copoiuvsion of
woeghbion 1,7 dhet tho seoleyr gyebon would He oxpeoboed o
becamne LY due to dhe nubueld perburbobions of the
planets and theb therelove no conglusions oould be desem
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el Snloedobion of Hellosenbele Blouonta,

g
LA BT, wuvfz St

In fhis chapdow the nevune of bhe hellogenbzic
grbits of dhe seluldlbis which osooped fvom Juplle
will be dnveotizoved end e poeeibliléy of capbuse
by dupldior of spbopodds will bo dlsouaned,  IY won
nocestaey b0 velts o ohort progren S0p EDE9 which
would caleudsto the helisoontede olencade af on
asboroid (oy o sebelilite) fwom Iis Jovicenirie space
ond veloodty coondinaten snd tho correnponding noay
suomaly of Jupdteor fn ite ollipilesd ubill ebout tho
S o progess was weldbon n Ghebebone dleol

snd the solouwlsbion oF gooh get of hollosonselo

aroments eequized lens than one sesond of compulez
R TG

The doviconivdis coondinetep of the B woer
aolovilatod by the nobhod OF sopblon B4 ond the

funte veloghvy compononin Loo

X! — -'Y\OA;\«E: (S\\)
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obbadned by Adfeventiablng cousbions { f‘,«ml}ﬁ {84449}
and {244410) ond vedng couabion (B.0.380, eom Bhe
Jurieentelo coopdinmbon mad vel osdhy componenss of the
S aad the oobopetd (Or the asbollibo) the helioventnlo
coprdisaton and yoisedly conpments of the ¢ berodd wilh

N

roapeet G parellal end odallamly dleoched amvs theough

e
T Bun wape oosily obbtadned,  From thoose bho
helloowmbwia opbital olouonto of the oobuee ﬁ.i%ﬁw
mebollite) wope detemningd by woeshn of sguabivns{Z.0.1)
i) f: 2 Ga B}

i odl ooses the oodoulsilen of the helloooybalo

aiemarbe oF o0 agoepod pabelidte won dolayed wnbild the

o

soteliite {or aotevodd) wae b losed one Jopibor wnid

fvom the plemet oo thad for ol peacbicsl pueposon tho

Ao

Iasi}&g veus mewing sodely weder the ndivonoe of the St

q

o woed coses no obiohed voe sede to continue the arbitel

q»

ongrhadion boyend thig podnt end 1% Lo posilaed thot

Y

N

those dnddied holiceondvic elonowbs ocouid be subjeot
B ponaddereble porburbabions duc B0 Isder glose gpuppnohos

af the asterold o Supdtews I the noebd two geoblong thoe



Iudsiad aghovold slonpads of oscoped dizeol snd
wotrpoprods satellidbos wild bo conaidored md dhe proklon
uf furvbbey cpomabens betusan the apleveld aud Juplion

whdl be disonseed latey in the chapboy,

B8 guberord Senprbes of birect Soboldibogs

STRA P

b,

.

In bebila 5.5 bhe Rultied Sovicopdele alemends ond
the heliscontvie olemsabyy soloviobod gova pfbuy cooape
GE Bhe ddpeot sobelditos whieh csospal fwen Jupdton sxe
aivon along with vhe pudbher of vovoiutiong vhioh each

poberiite complobed hefore ceeoplay feom duplie The

W ' a’-‘ sl B \v'*l-t‘“n Su B
Sherh Sha fnborvstion

S

Aistopenos bobhssn BT 86 and BB dn
o pug wid adarded wlth the pedellddo ot corunotlon{c)
wher with bhe poboliite ab ooponidionl{oOl,

e R

and bl

©

% in ho be noted Theld dthe Inglinatlions of bhe
pommdbond poboredds o the plane of Jupdibevts orbld
ahowh the et B veny emadd €< O 08 woddans, L.0.

< :?2;@} Gesoite Yhe feot dheld the eliostions of the

omerbings Folely lowgoe.  8Y 46,

,tﬁ
’Eg
5%
LSS
-
kL
Bl
s

ondsivel sodolliton wee
3427705008, the setelllite wilth dhe lesgest fnsilncibion
phich osoaped Spon Jopdbar, bwss ouh 40 have o

relebively dovge aatepcld Snedinetion of 000 zedleps op



39, wbile BTG 40 mnd 545 30770.0/5 and 2,96/0.343
whioh hadl amall setvelliite fnelinebioay bhowe nise small
saborodd gaes § < 0000 veddong)e Doom bhe doble
whove would pemm 4o bo sone ooewolation hobwasn the
sagnitude of o petellite’s Incllnstion aod 4ibe
Imedinetion o o aatoredd ooy cavape Deon Juplien.
In penorel the potercid doelinedlons fewnd would soposse

&

B0 be bypdeal of the nelinsilons of the peal owsboreido.
The hellocenbeie escendrlodilen of the astovolids
sro alao falely soedd ( 0.3) and aze sgedn Byplonl of
those of the peal apbeeolds.
Phe hellosentnls sopd-mpjor oweg of the asterolds

&

appens G0 fadd Subo b gosvps.  From tobde 5.3 4

*

S Mz goon bhet those sebopelds wilth poutemaior oRes
groater than wdty appeny do bheve valuey awound L.48
dupdbar walte and dhose wiih sonl-trior aden loge bhen
valby oppene bo howe wluos spotnd 073 Juplier wnlbno.

A v iy 41 CAPY epus . v TV _L;,‘;,‘ y
543 fmborodd Mlomonts of Rl

o Heaal fbor
3% »&B’ﬁ:} fgﬁ%;m&‘@iﬁ&%ﬁ

Toble 5,2 glves dhe seme Jafospabion Lo% oscantd

votwoppnds eobellites as table Bl peve fop diweat onog.

Phe iselinetions snd opcundeieodtics of thago aotorelids
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{3) whose ooteroldn with 1.3 < o < A8 whdol were sl
dipoed ms.ms,..?.% Hats

{47 Shwse asdberolds wiih 1.9 < & wiah wowe pll
watpopiads satellison,

T Ao fellk bhat thin clustering of Wivoeh' snd
"patrogrede” sondensior agen lo ot LAkely do be sopely
duo o chenes snd Shelb some sdppilloose puet Yo
sibached Yo 3% £t phovld be monenbored that oll dhe
mmgmmmm were bogun st bhe pobe ndeeor comd %53 spasdon:
(owo ssotion 3.3 ond bodouse of this ond tho food that
Bhe gabellibtes all otened Spon Jupdlen ofley s
oonpeepiively snall nosber of rovelwblong aboud he
plenet, A% oey be dnferved thelb onch aotellidc whw

3

tha woome yowbew OF povolublions

%ﬁ‘

saptured by dupdbo
Bedowe the abert of She intosyablon frog g helioconbtelo
srbit with dhe deme a, e, L oo Sk orbit Anbo which 4
Lobor escongds

Thae Bhowe wist hellcowatrie orbits with the valuoes
8 me oy L given fn tolles 5,1 sd BB Oeow whiloh opberoldn
may be amybuved Yy duplber. Hovmpoar olove an oehld Lo

pob defined wsdouely wlbhont spouifying the waluesn of

o

Ly w oy T &6 doss not folilow thot sy eoberodd in on
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yobdy with bthooo waines of &, ¢, L will be copluved
by dupdbors the agberold must o additlon heve
N
sppropvimbe values of b, W, T fu vhich cese it will

e

Laevritobly bo coptuxed by duplien for o fow povolations
hefore guomping agedy dute o Boliceontzio orbdd. M
\_,

arbonoid with sudbkable o, 6, 4 bub mneulieble Ly vs,

Ho be cepbured and o theough o adevor condigwesiion

iy

N

MRy neian 8

£

adn & aedtablo configueatlon with the Bun

and Supider 0 o gopbured op A8 ney be copbhaved and

not poes bhwoush o slevoy condiguradlon du which cono

A% will mot novltadly osgope Deon Juploer olbor o fow

Lt

#,

wowelutiong but could poonibly hooooe o permeney

N3

sotellite of the plonet. This Iadler powneibildiy
wondd pppesy B0 Do nope likely fow the cnse whon

Ly W, T are choeos S0 volues whloh would Jead Go

A

Ghe pobsrold Lelng aagbneed snd poopling Shyouph g alpoow

*y

conilammms Lon.
g would goonm pooschable o ooncindd feom bho

stusbendsns of bhe values of the helloconbelo soml-asior

A § K]
Ny

wel Of the agenpod dlroet omd podposmeiy aobellilides and

L3

the egrlvadonee of proe-soplure end posy

Ay

e QEGRDO
hodioooatets crbibs for Shose sodelllios thet thowe le

o coppolation bobweon Gho sonlempdor ssein 02 on asbowoeld

sad Lho "deoigion’ whebbey o booome o dlwost o o



rotwograde sntellite A0 capbured by Jupliew. To be
RORQ proeisc it appears that sgtornids with somlenajor
axen A the range QO a< .96 or Lil<adil.b ave

Likoly %o become dlrect satellltos)lf capburod by

duplior whilo astexolds with somlensjor axes in the

vonge 0.96<4 a< L3 op Ldike aro 1ikely to bocome
vetmgeade oasellitos 1f go coptured.,

Tho agtual eapture orblis corronponding bo the
aseape Oorbite of tables S.1 and 5.2 will all lead to
only Bompopaxy capbuxe by dupliter bulb 1t ceoms lilely
Hhat opall shonges in the oloments of those oxbits

could glve mise in gomo Gases to poxmanent eapiures.

. g W, a"& "y g 58 I,- &) " » i 4)
5e5 fommon of Sseppe of Sobellllon

Fow each patedlito that oscaped Lrom dupdicr tho
poaitlon of she Sun was noted ot the aomont of coeape
(1ee. whon the patellitels osculating jovicentiic
epcontvieity was wndly). foom bhe voeatangulan
cooprdinates o0F thoe satellite with respoct of Jupltewm
the mean suomaly of the satellite was oblalned end tho

A

differonce betweon this and the correpponding noan
anonaly of the Swl wag computed o glve the angnlam
Aistonee bebwoon the Sun and dho satdllite abt tho momond

of opeape. Fig. 5.4 shows thic guantisy for the dlreet

9F »



satollitos whdeh crnocoped. The 0POSBeD copEvespud o

sobelidter gyhich bogsme aubowelds with souleandor avon
Jews then that of dupdier (. i.0. thooe thel cooaped

howends the | ;,m} and the alreles corseopond fo

pasellites whdieh bocste coloradds with sodemnitn 8Res

seonher bhan thab of dupiter (Lo Bhops that cscaped

oway Deon the S
B8 pives the seme Infometlion Sor e
robucprode spbellites whioh onomped fwon Suplver. Hhe
shoded olpoloy pepvescnt sibellitos whiah boocsmo
asturelide anly Just oubelde She oeblt off dupite
fhere goudd onwbolady soun o be o sonvelatlon

betwesn the posttiong of the Bun ob thoe nomoent of cseope and

the soml-najor ssos of $he vesulimb seboroeld Yl
Bho covpospondenss o tha oo ol the divost sabkellites

Ao mowe op lesoaiimod night boave beon gupedted vhile thab
for bhe reltrogrode cobelliden wordd seom 4o bo sdighily
fowh of phose' with whol adshi hevo boon owposted. &9
should b solnbed ont bhad wnloptunebely the Gompatern
propman 444 oot peint oul the woguilsite dete fop bhis
dmvestigoblon ab the momond of cspope,.no that the mean
snomalios of dhe Bup and bhe patellide ab the nowment of

anoapt hed bo dnbempodebed fron thelr velves peinded ontd

k|
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& Aitiie belore and a Li%tle aftoy the moment of osgape,
thue Androducing wone woorbsinty as bo tholy oxeot valnes
gt the mogent 04 oR0aDG.

¥t was of intorost to plot the popoe-veloclty cuvve
Prom the Jacebd lutepral of the resivioted throae-hody
problen (seo saotions 1.3 and L) fow o typiloal oponped
Bobeliito,.

The convbent dn the indegwel wos galowisted Top

poversd patelldbes Lrom bthe eguablon

Q%L—\-[ﬁl‘l_ -Zk—l;‘iL ~Qn@%._a% :___)CI(%W o) S

whloh iAo tho Jaoobl Integesd ompresodd in hou-rotabin
gooRdineten as given dn vofyB.d. ity e g wRQ wha
mesees of the Bun ond Jupiter ond vy and ®, the distances
af the sabelidte (or sehoroid) fzon the fun ead Jupiier

ﬂ@ayaa%iwaﬁyﬁ n beluz tho suen aebion of Jupltor abont
The valnes of ¥ for o nuaboy of ogosped agbolliten
{4

BV 24 B0/, B L1377
By B4 445/0 D 1A0, 135

3%



BY 26 428703 D 119,88
HY 35 . Bs/0 R 133.93
8V 43 50/0 258 328,05
8y 54 2696/0:3/3 D 181,78

The geppsvolocily owwvey wore deown Dop O = 149
Wy tho mothed dosexdbed by Houlben (el 5,.8). Using
bipolar coopdinaten and chesyrdng bho wite so thoed
oo L oand the neooes beeome M and L o- . the oguasion

g

of the sero-velosliy ocurves I glvon by Moudbon o beo

L

—

(L E) e+ B) = plimp) (8

whoRo Gy in O expressed in the wnitey dedined sbove., The
curves wore deewn by chooglng walues fop 2y ond polving
equabion (5.5.2) grephloslly fow my or vice vewsa. The
sord veloeedty cwpevesn fop U = 110 ave shown dn Dig. 93,
% apn bo aeen thed; scoording vo the Jacobl lateswral,
o oobelllte with $hin valne of U is fyee V¢ opogpe feom
Inpiver odtheor towerds or eway fvom the Sun bul hob L%
gommot wove from o ovbit lnwide Jupltorts ovbit to en
grblt outeide thet of Juplior withont ponsiug celome B0
Juplter apd hhoevefove posalbly holng ompbwred, L0 only

temporarily, by dapdben.
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B4 chould be pointed oub sgein {seo coobion L.4)
thot,due %0 the Gllipblenl mebure of Jupiten's orbit aboud
the fun, o long vern gonelusions should be drewmn vegewding
tho poosiblo fubuwe poth of o setellite o an swborodd
hogod o bhe Jecobl lubogrel of tho vestrlobed throu-hody

problei.

toth {vef.9,3) hoo shown thet Tthe pezibelis of
apteredd exbiteo tend to Lig Lo the dirvesbion of Hhe
peribelion of Juplterte owbit. Flgare 5.4 {aftor Roth)
dhows the ddebtribuiion of the perlhelion Lengliudes of
LyGHE minoy plonets sompaved with the perihelion direchlion
off Juplterts opbdb. It can be peoun thes throw quawbtors
of the sateroids hove thely ddreobion of perihelicn within
90° of that of Juplion.

whon the seme dsto ie plothed fow the thirdy sebollibes
whieh oposped faom Jupliar it Lo found thab twendy ome of
thest heve poviholis within 90% of Juplier's poriholion
{aoe £igeBe8).

A probebliity svgument will indlesto how Aikely 1t is
that those wresulids ano nepaly dug $o chonee.  Aoowoe thab

the probebdiity off the porihelion of en sebovold orbitb

w

&

ying within 90Y of the porihellion of Jupliorts ovbit io

W probability of »

3/2.  Then oud of n sobewoid ovbite th



orbite (< 0} hoving tholy periholit in this peage in
{1/

glvon by "?*;l Honoa L0 aey bo ealouloded thob

é“ﬁ’
the probability of 21 gub of 30 of the eooepod sabollibos
having peziholle in bhis ronge 1o aboud 1.3 u 107 e

hﬂ

of throee-guarbers ol Hho 1,026 weald agbovoids having
thio propepdy Lo obout :ﬁi/’m%« Tt dn thoepofons sooumed
Shat the above somulis are slgniflicony and gemmot mozely

W2

be sbieibited ¥o chaneo.

It world bo wong hovever o asoume thet the wopoons
for tho two oets of oobeorelds having tholyr peribelisn
prodoninetely in this vonpe woro neospoerdly the sana,

In sha oose gf the woal sotospids 18 vould appoar thob

in the cowese of mony eovolubions of dJupltents perihoilon

direotion aboub bthe Sunl{doe o the poeirrbatlons of othor
Lanetn) thu powbug :*Tyﬁs*z;.,.rrm:; of Jupiver o the optorgid

orbite hove dendsd e being thely pevibelis Indo Liue with

That of Juplier. Jn bhe cose of sho egasped sobelllien,
howover, there han boon no wae Lop sueh o noecheniom bo

hove hod offeot singe tho halisombiele elenonts of Bho

soballitos hove deen geloulatod lusodiaboly afbor ﬁmw

gaanpo fvon Juplbow, e m?;:@.fi.ma don dn bhin cepo mey
Lio in tho vevtioulor configuretldon of bthe throeo bedioo



which existed at the ghart of cach inbegrebion(the usual
mizror confipguration) which was symmetrical about the
perihelion dirveoetion of Jupiitex’s oxbii

To invesblgato this matier further it wonld be
negessary o cumpute the orbits of gatellitesn of Jupibor
witlh Indtlal porijoves making varlous engles with that
of the fun and o analyse bthe dietribution of thoe diveotlions
of the pexihells of the satellitow which cseaped from the

el

planet. I£ the pexihelis wewe again found o lile
vredominatoly An the dirvegtion of Juplier's perihelion
then zome aliteraative explonation to the one given sbove
would vegquive o he found.
5.6 Dlabribuiion of Astezoldy

The. 5.6 (after Browwer pef.5.4) showe tho
disbribution of avterolds with rospeet to tholr mean
motions about the Sun in geconds of are pow day. The
distzibubion shows the faniller Kirkwood gaps corvesponding
to mesn motlons whish would be commensurahle with that of
Jupiter. In poxrticwlay thewxe 18 o mexked lack of astorolds
with mosm motions bebween 550 end 3007 per day ond Brouwwen
oxplaine this as being due Yo the elustoring of
commensurabilisties in thig reglon. The smeld concenbpation
of agtercolds with mean mobicns sbout 450" per day (l.0. at
the 3/2 commensurability) Lo cxplained as belng due to

interference from noarby
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gommonsueabilition In fach o pesn motion of 4507
ey day corregpmwis o 8 holiocentsic somi-major axis
of 0.762 JupdSer walts,s0 1% can be seen that Lthis
soncenbrotion of asteroids Lles betwoen the group (1)
snd the groupn (2) seteroids of zmochion HBed,
This faet would sppesr o suggest thay whilo

aaterolids wisth sond-pador axes whleh would include
then iun group (1) btend %o be capbuved by Juplter o

beaone diveeh sabellites and gsberolds with somi-major

axon which would inelude them in group (2) bond o be
capbured by Jdupltor to become petrograde satellites,
agtorolids with senl-pojor arxls aboul 0570 Jupiter univs
which would place thom between the twe groups wonld not
appear Lllkely to be captured by Jupiter ab alls I
faect A8 there is anything significant about the
conclusions of scotion SDl.4 meparding the disteibution
of potonbtial direct and retrograde satelllbes with
rosard o thelr senlennjor axes as astorolds, iy ds
ALefionlt Yo inmagine vhat would bhecomo of an agsberoid
en the bhoundary of two of The groups axcept that 1%
vouid collide with Jupiter, whieh is vob thought o be
vory probebly. o that 1v would nob &@ gapbturaed by

dupiter at all but ropaln in ivs hellocentiie oxbiv.

[s

*
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Whlle nobt dispubing the sccepbed explanation for

v

wvhe Kirkwood maps in the asterold distribuition ns beln

g

dve o goemmonsvrabilivles, Brouwen's oxplanabion of
the lack of astoroids with mesn woblons bobween 550
and 300% pap day as being due to the olustoring of

W

comamensurabllitios In this region 18 nob feldt to he

Ld

very convineing., Ib would seem that any as

)

sorolds
vndeh wore Indtlally in this repglon would suffer sueh
lorge pertavbebions by JdJupdter as to be gonl into
completely difforent orblts,elther by belng tenporsrily
or perpanently ¢apitured by Jupiter or by coelliding with
Jupiter or by being perturbed by Juplter inte “emallen®
haliocentric oriits furvhoer from the indluvonce of the
planet. Thowve Lo evidenee for this not only from the
astorold caplure orbits alrveady discussed bult also from
tho asteroid orbits close o Jupiter vhich are desceribed
Laver in this cohapber. ‘There would seon o he no need
thorefore o explailn the lack of asteroids in this reglon
in the way Brouwer has dono,

Another possible way of explalning the concenbtraiicn

v

evolds at the 3/2 commensurabllity is as follows,

b
gl

of ast

Suppose that ab some Plme In tho past thore was an

205



apprecieble donsity of asbereolds in bhe GO0 bo 2000
per doy region, say comparable to that ia the 3850 o
750" powr dey weglon,thus glving & zoughly grussion
digtmibubion of astaroids over the whole pange. In
parblenlar the donsity of asteroids ab the 5/2
commensurablllity would be much greator than at presend.
Aecording o bthe previous avguwnents, thoe asterolds
with meen moblions less than 550" per day which atbain
(after a fow refolubions) sulteble configurations with
She Sun and Juplter Lox caplture by Juplter(i.e. hod
sultable values of \ ,wW 4, T ) would bhen be capbured
by the planet, Phis would be the case Loy both
commaonsurable and non-comuensurable ovbibs. In the
sane way somg asverolds would bhe pevbturboed by Jupltex
into "emaller" orbits,

Of the asteroids which wewe not romoved from this
regilon after a few wovolutilons those in non-comuensurable
orbibte would probably sooner or later achlove sultablo
gonfipurations with tho ﬁ&ﬁ.&nﬂ Jupliter for teompovary or
pemanent capture by Juplier or e be sent into Ysmallex!
hellocentylic orbita. Trone in commensurable orbits,
howevoer, would not achieve any new confipurvations wivh

the Sun and Juplier after the fMred fow pevolutlong o
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unless capbuped sorly on could not laber be capbured
by Jupiter oy soub into "smeller" orbiis pxeept in
so far as allowance fs made Lo more gradunal jovian
perburbabtlons changiung the elownenta of the asterold
orhits,

Thus ¥ would be oupected that bthis regilon of
the asberedd belt would in a mabtbter of some hundrod
duplier years, say, be clearved ol aslorolds ezcepd
porhaps for a fov reniining particulaely at the
gbrong commensurabilibies. It can be seen from fig.
Bu8 that as woll as the conoenbpation of astoeveldsn
ot the 3/2 commensurabillty there 1s evidence of a
spaller consentrabion at the 473 sommensurability.

T4 should howaver be pointed ouwl that the argunent
That non-gommensarable orblts sabtlsfy more new
gonfigurationg with the Sun and Juplber alter one
gynodle period of the asbercoid with mespect to Juplier
only bolds A9 the affect of the ssteroid's eccentricedly
and dnelination and the cccentricity ol Jupiter's orbit
are taken lobo acceouvnld so that cege all oppositlons of
an astarold with respeat o Jupliter are not idenbtlical
bud depond on the pesitlons of Yhe astercid and Jupiter

in thelr yespoctive orbits alb the Bime concoerned.
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5.7 Sgiher Intoarations

T would be of intercst to swanine more clopely

Y

the effect of Jovien pevturbations on asterolds with
semi-najor axes clone o unlby and also bo consider

the poseidility of an astervoldd being Gewporarily
capbured by Jupibor to be laver sent inbo a hellocenbric
orbit betweon Jupiter and Sutwen and AL possible ,bo £ind
asuch an orbiv.

Search was wade for such an orbit by starfing a
nupber of satellites at "send-niveor” configurations
{(seo secbion Jo4) and porforning btho integrations with
Hwo sets of Initial condivionn, the one boing dowivaed
feow the othor via the transifopmations of sectlon J.7-,
g0 that effeetively bhe orbit vas compubed in thoe sense
of Ancreasing and deoreaslng tine wilthouvlt having Ho
alter the program in any way or having o maks the
abep leughh negative. Values of the ngfial condiilons
wore chesen 50 thabt the sabelllite would be expocted Lo
ggeape Lrom the planet alter a few povolutions in oach
divection.

For cxample twe saballibes, whdeh will be peforwed
o as 4 and B,vers gtovied on the Bun-fupilcer Line with

the following initield coomdinates
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o
B

4 J

coopdinoter ¢ A 34345 s 078 O 0

B 3,15 = 207" ¥ 0
velooitien 2 & 20,603 ® 207 «1.008 -0.584

B w,603 107 1,008 w0,584
Thepe obtanting veluas ove similay Yo those of the
petrograde pebellite 8V 27, 4.570.3 vhich osceped fuon
Jupiltar adbor four nevolubticns.  Subellibte 4 oseaped
afbor ten rovolublons end sptolllde B adber sevon
vavolntions. Bobth beocsme seteredds inpida the oxbid

6f Supitore Thelr orbitel elononbs wore an follows

2 & if{madions)

A Qs798 0185 0,03

B Q. 700 0,323 0.03

the Swo poxrds of bthe lnkegretion 1L tabken togothex
provido en onemple of e estoreld beling capbuved by
Jupitey porfopming soventosn yevelutiong sbhouwt Jupitew
sl then osenping Tron Juplior vo beoone on agboroid
with pather different hoelioventudo clemonta.

Tae behgwlony of swbsllites § gnd D whioh werg
tranted dn a piunllor menner and whope lultial cooxdinatos

end volocltias ave given below was vethor move gomplox



shoush this naey bo dve norely o the oot that the
Invogretliong were gonbinnad for gome wimo ofter tho

Indtlal osoapo of the twe sabellliten.

5 ' 5
o N _
aooprdinates ¢ O 6 5 a0 & G

D 6 x 10"

0 Q
veloodbics * © +0 e JH08 «~(3 e HO6H (e 3713,

o 043502 w0.6065  ~0.371L
Sobelilte D egenned aftow twe vovolubions 4o bocomo on
soverold with the following clomontsg

1.6802 D453 0.06
end A6 Anbograblion won oot conbinued any fuwbthor. With
auch o lorge helloamntpic aoni-najor onls L% would be
wnlikely o ouffor fuwpbthor perbturbotlons by Juplter.
Antollite € veegpad fvom Jupdior ofbow one rovolubion

F0 heconn an agboreld wish the feliowing orbitol clemento

& & i
2a314 §.195 000

b

Ag bhip asberodd was a5 In tho viecinity of Jupitorts

'3

orbit it seened do be of iotorest to eondinne itn

inbogration obout the Sun to invesbtligote the effect of

:\;L:Sn{.} 3]



popsibhlo furither enooonteys wilth Japiter. The
aatorold made & number of further encownbors with
Juplior and on the oconsions on viich 1% found

&

Lhoeld with n Jovicentyle coceabwielty less thon

wadty Lt wlll bo sedd b0 baove boon bewporsvlly
captuved by Juplicw. Thig Lo coneistont with the
defianisiong glven o tho terme “espbure? snd Yopeapo®
in soeblon 4.i.
Aftor opoeplug from Jupller to bedomne &n

aatorold with the ebove vlements ssteroid ¢ mede o
slose apnvosch o Juplter bwo mad o held duplber mam
debor ond wes ocapburad by the plavet.  Ih avbsiaed
the following velues fopr Ite pevijove distance, Jovian
seoonbyielty aad jovisn sodensdor awig

Tretls ' a7

749 = 0™ 04945 Tedb x 207%
Xt thon omeaped Dpow Jupktey wibthout pexforning o complelo
vovolution about the oloned bo bhesonms v estorold with
bhe elonenby,
& & i

G874 O, Q.01

Bhuy on ogauplo hoe boon fouwd of an aolornid afbor ono

enoounter with Jupitor heving its soni-major smle chonged

gy



from 1.31 G0 087 and clearly vhe wevevse process
would be egqually possible, In fact it would be possible
by combining btho oxbits of satelliten ¢ and D to bave
an astereld with sond-sajor auisn 0,874 becomlng an
astereld wlith soni-ngjor oxis 1.89 aflter two encounters
with duplior.
At asteroild O's nent closo approach to dJupiter
it came Yo withia 0.29 Jupliter unlts fxom the planeb
but was noed captured by 1t,  Whon the asterold reoched
8 distance 0F 1.44 Jupiter nults fpom Juplditor immediately
after this ¢lose approach lis hellocentaic clomonts
wore ealonlated to be
0,803 0.13 (0L

thug showing that an setervelid's orbital olomonts con
be gongidersbly allteped iu a single revolutlon about
the Sun due o the porturbatiowns of Jupiter withouts the
aotorold scbually buing captuved by dupiter.

Abouts nine Jupiiey yaavs later the astorold was apgain
captured by Jupiter 0 hawe the following Jovian eloments.

pele e n’
.30 m 2078 0.816 0,128

The agtercid lamediotely opeoped from Jupiver and its

now heliccentric clements wergbaloulated to he

a G A
1,184 Q.035 0.02
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G A%9 nowd lowe opnwoneh to Jupditor the sojteroeld
o 4

ol

¥

wes oppln copbured end came o within Led® x 307 Jupiver
walte of the plonot, On lumedicte oseeps 1te podareid
ehomerds wore
& - N
L 307 0,187 0,02
On e mewt oloso opproneh o duphior the asbonoid
vas onoe move supiured mud o poedleve bad the Following

elaneata
| / /
il 5] &
1093 % 307 0,965 B x 107
the perdjove disbonce bolng pnall maoush o beive the

gateollito within thoe oebit of tho ousgemoat Saliloun

4

sotellite.  Go thls cccaslon the subellibo 4id noy

jmuedintely cvoope feom Jupitor bub wenb thwough Wwo more

porljoven bofors cstopiiics Bhe olomense und distences

at the pewljoves ond apojoves wowo se Lollows

Zﬁh“&# i {;;/ &/

-1*{“}3 % %@wg ﬁo‘%@f{i 5}-"55 - :}‘@Ng
787 = 0% 0,999 3.9 m 207

8,85 x 1079 €3, 40 W o
8,00 1 20°%  g.920 42 %1072

- - ) ‘3
o g . e M : P PR v " e BT L X
TabY ® :%;f‘ﬁw“’s O BT, 5,9 w1 10 ¢

%
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G aubseguant escepe the hellocontndio wlomonte of tho
aoboreld wene
& @ i

. 3;#,3*‘% ' @%32:’:3‘3 0.03
The iutegratlon wan conbinged for snoither thizbtoon
govolutiong of the swbaredd aboul the Sun ond dds
heldonentnde cloponto wope calevlsbod ab cach apojove.
Bl goborald Wae nob osopbaeed by dugdboy during thig
pepdod. Bable 98 slves the valuoes of the elenenty ot
oaah apodove and the vadue of tho peediove distoncen

e

betweon cooh gpojoves. Th Ao %0 be nobed that the
1

Iopecst chonged dn dhe hellecconbterlo oloments ocoud
altar tha olosost appivschey io Mpdier ve would be
agrpaatod,

By the god of the intoegvebion vhe aatiorold gppooped

Bo be in p falvly oboblo orbit ond 434 not poon Liloly
o noka ony nore close gpproadhes do Juplter dus to it
wolatively lavgs sondewador omigs  IF wouldd however o
polgitle for suvcensive pevtuabotions by Juplier o
change tho orbit sulflelontly wo allow enother capbure
by Juplivr oemo tine Lo bhe fubuwe.

L3

Ag snobther omample of the affect of Juplbor on bhe

!

orbibe of setoreddo Wil senlenaior axds clove bo wiby

333‘{2' ]



tho orbit of 8V 48, 3.37/0.37/49, which cooaped afbop

‘l

Swonbty yavolubions shout dupdtor was eonbinned fow Lowhy-

five duplton yeows afber osenpos  The hodiotenbele

t

choncnby, olvays codonloted ab apojove, sfbow various

paplods of time, mve glven Ao toble Deds  On Hive

5

for Lig Jovlconvely cooaubpdodty 50 boe done vhen valby.

KN ﬁ “i‘ ,!.,

pod lamediately alftar caoh

!:’".3
(7:

e pots of olementy ooloodsy

af Uheoo cloae opopepobon ave norkoed wlth o osteniglk,

Glongdy b woeodd be desdpeble b0 bave smweh nove dats
ga the offont of Jupdior on the orbiin of acteroids with
pond-nedor auos Glose Bo one Jupldion welté. Dvom tho eooslts
Gosepdbad in thin obapbow 46 wordd gppeny $hal pgterolds

*ﬁ‘ s{ag 3‘{ W oames M “3,,3,?,“ hilsan R ay 047G and Bab

ol

madbs would ho Jdboly nos ondy b bhave their orhlis

grontly povbuvbed by Juphier bl over be bo capbueed

'.

womporerily ow peopmangatly by op (ppobobly less Likely)
goliide with Jupdbaps The vepuelts of bhe Insogeation of
the orbite of pabellitos O and B of dhe deout pogllon would
puzsont thol asterpids olope 4o Jupdionts orbilt would ho

Tikady 4o sudfor wulddple copiures by dupdbeyr tmtlld thoy



fro penoyed Lzon the viainlty of tho plenet albogethop
In this woy agbopoids o Ohio ordticel zosglon coudd be
Glepuenad theonghont the solar syobon olther inbo
haldocovtoie onbdds weld faside thad of Jupiter{alibough
no exenple hos boon Poumd of Uhis ceowxeing) or into
hgdiocentiie drbity well oubtudde thal of Jupitow,
poonllly oven od for ot e the orbil 0F Bebung.
Doconlonelly o capbure by Juplior mlehl beoohe normeanend
due G0 suooopslve wolay perburbstions deovenelng the

Iodbield Joviconiele soni~welor stla of o cgpbuped astorodd
pobil dhe asterodd fosad Lieeldd lv & steblo Jovicenbpio
prbit, Ib pooms Likedy that ln thls wgy shoe Ronwe
pubeoruont sobellites of Jupliter wors gepbured Drom the
serbarold Dol

£

% would seen roasoable So puppose that aotowodds

b
B

trbils none Subimee couwdd suifer siniloy suoounbons with

Tl

Sottem o Phose which hove boon deacribed betusen oolerolds
ond duplior. b ae alveedy boen peswned Shod gome of Ghe
oripinsl seboreld hell oy wow bo In orbil none Souen aad

perasuably svel gaverodds goudd now bo vapihueed Gemporanlly

oo pevnesendly by Sebusy on thpough ouccossive oncounbors
ol bl Seduen )‘im pond fndo oven fuethay reanhes of thae solawe
By abon. Pow Lostence AU poong posnible theb fhoobg, the



ounesmost pobrograds sobollity of Uolbame wey hove

¥

originated in the sotoreld hold.

¥y iy gey
u;g.é‘o}.t é a



B ) u_ o
;i:ﬁ‘ 2 @ s{} m\v{:-}é:i E‘ v&ii k mﬂ;r ak.?aﬂ&

.4 Browwers D mad Slosonce, & I Hobbode of Celestleld

Moshentos p.285, leadende Fross, 10GL,

Sy Houlbon, ¥ Re Celoebiel Mechmndes p.288, nenillon
:ﬁ}gfﬁv &

Bad Rothy G Ds The Syotom of Minor Flanche .90
jn«q ﬁﬁ?i ﬁ{“}@lﬂﬁ

Bed Boouwer, O Aobronoalond Jovmed Tol.08; p.dbhe, 1L0§]

:ic::z.;a by



A PERY mm onu

6ol Dolounay Sorios.

in Bhip chaptor an attenpt will be made to Lind o

a,

pariodic orbit in the viclaity of the group (L)
patellites of Jduplitern,  The wmebthod used will involvo
discugsion of mothode ¢f debemining the mates of
movements of the apeos aud nodes of Jovien sabtellibes,
o this socticn one such method will be covsidured.,
Delannay (pef.€.l) hag dexived series fox tho
calowlation of the mean vabe of movomont of the NMoon's
node ond Lbte gpoe 1ine Jrom the monn valves of Iis moon
moblon, its cecenbrdeity and its inollination. One
serios ﬁﬁ the mean vate of chonge of the longitude
of the agcending node and the obther the noan mabe of
change of the lopgitude of pevigeuv. The series aze in
nowers of the ratio of the moun mobion of bthoe Sum o

!

doon {m), the veoentyicisy of

fomt

the mean motion of the

;d

the Sunts orbid abant the Sarth (o / 3s She ccoorsyicodty
v€ the Foon'o orbit aboub the Bapth (o) and the sine of
hald the iuclinstion of the Hoen's orhit b0 the plane of
the Sunts orbit aboub the Bawihi b/,} b Up b0 sovenith

order of those umall orantitisg ave includod.

'(»’\49_!-‘(} Ed



Bobone (ref,.6.2) has derived values foy these ratos
fox the orbits of Jupltor Vi and dJupdboy VIE fzpom hisg

g

theorny of the motions of btheme sabellddes by treating
the mates as bwo of tho unknowns o be debtomined {fion
tha obsexvations, Proakuein{rol.6,3) has used the
Dolavnny povian Yo recalonlate the mates fox Juplier VI
{moc table Gad). Peoskupin gives the coofficient of
the bemm dn ¥ n in the series for the rate of wovenent
of noxdjove as 18979 compared with Delaunayts value of
1689/8(rof 6,13,  Dhip would appear %o be 6 mispring
o Preskurinte valwe for thisn sote i more nearly in
agresnont with his having used Dplannayts value of the
coaffliclent wather than hils having nsed the velue given
in hig papey (gee table 6.1.).

fomeohove (ref.6.4) hos detenmived now values for
the elements of Jupiter ¥ and From them hap dexived the
waces of movement of At apse and node using the Dolauuny
aopios, refeconce belng made vo bebh Preoskurin and Nelaunay .
Howduor whon t$he pates ave roecalevlaiod using bobh the
Priéohurin and dhe Dolawnny vereions of the mpoewxles fox
tho wate of movament of pekijove the walue oblailned using
the geries given by Froshurin {inciuding the misprint) is

mowve nearly in sgreement with Domechove's pesuld than tho



value sbiained using the oplginal Delaunay m::.m;s)
shus sugrosting thit Demagchova sped the incorvect

iod given by Proshkurin inabtead of the oxiglanld
Delaunay sewles (oee table 6.2},

Brown (ref.6.5) poinbod oud that the spalficients of

6 and 0°n’ in the Delsunay sexies fox tho rote of

ol
novonent of perijove wewe lu orvor. Those tbemug,
however, mald only o small gontedibution to the rate
for the group (1) sabellives of Jupibor. Brown hos
sloo Gisousaod (zof.6.6) the applleabion of tho
belowany soplel bo the orbit of duplier's eighih
satellite (o group (114) sabellite) whore the various
small grandities ave ponsiderably ledgor than in the

case of the Moon or the Gxoup (1) satelliles of duplvoz.

=N
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In this peotlon a method of Qovermining the rotes
of movamont of the apses and nodes ol Jovian satellites
in tho weglon of the pmoup (1) satellites fzom dthe
numeriosd integration of the orbite ol sueh vatellilton
will bo dessrdbed, and the efifect of wvanying the inlilal
glosionts of such aa orbll on the rosulitant valuee of ibs

raten will be conwidered.

LEL.




A will bo defined to be the mean »gbe off change

of the longitude of a sotellite's agcondling node on tho

g

¥

plane of the Sun's appawvent erblt about Jupliew ané/u
will ba defined Ho be the mean zote of change of the
Basellitots angument of perijove {(the avgument of
porijove being the angudar distance hotuoen bthe
ageonding node and the diwveotion of perijove ou a
Jovicentvic celovtiald sphewe), The Delaunay sexioes
therofore give A ond N+ p- Ezom vhich A and e
gan eaaily he obitrinod.
Pon Jupitor X Lomochova (2of«f.4) glves the

Following velues fox A and /.,x, § Vi

)\ o w(.ah

M= 0.57327 ox 0.56983(corrented

vakue)
in bthe noal unito. 6 phowld bo nobted that fop all
patellitos in the weglon of the gnoun (h.) gatoliltos

M in about doublce N and e posdtive wheneas A
1o negabtive. Murbther referenco will be made to these
points in seobion 6.4

£13 the ovbibte digcupsed in this chapver woeroe begun

A

ot the usuel mivror confipuration L.0. with AL , w , U

all indtinlly ser0. It shotdd be posplble thevofore

B0 caloulabe approxinmate yvalues for A M av any

3 oy
j-‘. :‘32?3 £



gbage of an iantegretion meprely by dividing the currend
values of JU ond W by the tine, 4, which has oclapsed
gince the boginosing of the Intogration. Suppose

that at any stage of the Integration the valus of M

Lo glven by
JL = A\t +-  periodic terms (()l\)

then presumobly the geester the wvelue of 4 the greater
the acouracy o which A may be deteemined by this
wetheds  In faot none of tho ivbegrabtions vere
eonbinucd mueh bheyond one hondred wrovolubtions of fhe
satellite aboult Jupitor and Lt can be seon fyom Tig.0.4
that speund the huadvedsh revolution of the satellibo
the value of A caloulabed by the above moethod varied
gonslderably fiom one wevolution o the next due o
the effeet of the perlodlc bexmsz. Phe preblen
therefore wag o Aigeover semae mebhod of voing the
golves of JU ond W oveor the first hundved meovolublons
to detennine ap seourabely as posgible tho valuwes of
\ and /vb ™

As has beon slyoady speon tho valuves of A and /uu

galeulated towaxds the ond of an integration would bhe

pupocted o be more accuvaie than those caloulated neayw

123,



the boginulng. 16 vas sherefowve deeidod o wso the
vatues of U and W pomputed ot perijove ovoer aboud
the lapt thivty fevolutions of cach Integmatlon 4o
detenmtine AN and -y which would be givon by tho
wolghtod nean of the veluos of Jv S end W over
this period (M belng the mean anomaly of the Sun atb

¥

the sppeopriete ingtant plug o sultable muliiple of

a

tine pince the siard

2N nmabking it o noaguxe of the
of the inbegrabion).

Before degiding cxoatiy which payt of cach
Labegration would be used Dox this calevlablon grophs
wore dyawn of the vardatlons of Wﬂﬁ and  “WH over
the lapt thizty or Lorty saicllite zovelubiong computed
{poe fig.6,1)s Foom cach graph o rough mean Line could
ba drawn L.0. o 1ine paraliesl Yo the tine axdy with
roughly cquald axeas of the ourve sbove and below i,

4 renguh of the cuxve was then chosen which was roughly

asymnetrieal about thig live and the velues ol Mt ana

WAL eorvesponding o this loagbh BRE cuDve wore
used to caloulate A and e The roagon fox this vag

B bwy and remove apyloecal proporty® of bhe vange of
the lnbtegration chosen fox thls parpone.

The wolghtod pean of the \[\’/Wn vias obtained by



Wolplring cacl valve of ﬂﬁ?z% '%3,};' the appropeiste value
£ R emd by dlviding bho supn of tho quemblulon so

obbained by the own of thoe ' f.0v caoh velve '/('f'

wos walghted fn propostion do the time sinee the stand
of the inbogrosion. In thio vey A e gavon by

é%%- " ¢
AT e (£2.2)

ond alndleaty /w waws obbalaed foom

>
f
I

. 2w (.23 )
Fpowm She Delowey seelos 4% omn be seon that, fov

h

foaordos of sabslllion of o ghean u%msu o I wld

ba fuaetions of By T 1s the moa veluso of the noeon
motlon, e cocenvpieddy ond the luclinsblon of the
voariows satelidbo oebliv.  In 831 thoe ovbile gontidered
i thia chuptow She integrabion wes Degun of the vevsl

ndrpor conflguestlion and the only gvellabla poconobons

2,

wors Uho walaes of 0, ey Ly a8 the bogdonlng of tho

Intogontion, voefopped o oo Bap ©gu iﬁg Ny GOy i, will

O VPO STUNPUEE F SIRY A : § Sryer K Yy
vhgrolore Be funetiong of Bt O :Z&Q ol wd
nay be enprosped ap fuweblons of . o, 4o woy A the

i xit)
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Sinee Inlbial olements ave used on the »lght hand sides

E (e, €0, 6 ) (625)

of oquations {B.2.4) and (6,2.5) instend of the mean
alenents & and I will notv be given exactly by the
helaunay series,though for the orbibe conslideved
Bys 0,9 and i, will not dlides by much fzom &, & ond 1
g0 that £ and I will be given approximabtoly by the
Dellannay seriog.

£6 in vow possible %0 connilder the effeet of
warying the values of Bae G, ond L, on the weluos of

N and M- as dotemmined Cyom bhe mumewleel integrations.

Pho orbit of 8V 4y LA95/0.48%/0.48%2, the orbid
corresponding o bhe pean of the group (1) patelllbes.
vag intograted for o hundeed yevolutlons abont Juplben,
Phroe obher similay orblis(SVTse 1,16,37) wore intesratbed
over o slmilap period, each orbiit differing from SV 4 by
a ssell anowntd in one of the porometesss The offesy of

vaey g bhe dnfltisdl clements on bhe velues of N and /w

4n shown An tabla 6.3,



6s3 Anplicebions of the Mothof

2 =t

A8 has alvoady been menbioned Yewechova (ref.6.4),

has determuinod the valnesn of and M- for Jupliep X
uaing the Delavnay sexdes with now values for the meawn
plements the oatedllite Ls o checl: on the method
of seution 6.2 fox debeming the valuss of A and Vo from
the mwerical inbegradions 1% wes decided bto compute the
orhit of Jduplier X using ag Inivial clomenis the neaan
elenonts given by Lomechova pud o composyo bhe values
of N and 4 obbalned fzon the auwopiosdl iubograbion
“Hith shoge given by Lemechovs,.  The posulds wore ag
LedLows o
107

M= 35086 107
Tenoohove (aften compoabion) N = =2.5341 = 107F

fem 546003 5 107

Thore ape three ways in which the disorepsney boby

Lrom numerical intograbion /\ W@ BOGA

Yk
T

A

3

e

;'D
o
g«\‘

the twe sets of figuzes may bho oxplained,

(i) Togpible evvorsceused by not considering furthor
torns Ln bhe Dolavnay sexdes usoed in obtaining
fonechova s pesulibs. Thig il not thonght $o ho a

nodor feetoy ap the smediost feoms wsod in the soviles

hardly conbeibated o the resulb.

i
g

13
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(31) Brrops in obbaining the veluos of A aud M- Lpom
the numerical intepration. Although overy atvbempt was
made o elininete the yawiaﬁi@ Yerns contyibubing %o

A aand M b i net bto be ampeo %@tﬁi that the effect of
cole long peried tomms weu completely vemoved.  In
partlondor, sines the perled of the apse line le seen
from the numendenl Integrations Lo bo eguivalent o shoud
400 satellite rewidutlions, it would be expucted thab A
would have o poriledlc temxm aboul Whis Lensih.
(144} The Pact thet in the mumeriosl intoegratlon of
the sabellitéts orbit the meon olenents of Jupiter ¥
wore used oo ocbarbing clements oo that the gomputed
orbit would have glightly difforent mean eleomonts Lfion
those wsed by Lemechova in dhe Deluunay pople,

Y
To investizate further bhe affeet of factor (i

24-{8

i)

it wes dosiveble in the cmee of one of the luntegraitiong

o compaxe the valuos of A amQ}A aomputed by the mothod
of peotion 6.2 with thelr valwes obtalned from the Dolavwvay
geyics uslag the atsalned nean valves of the alemowds Don
the mumerdcal integration. Ohis wee done Lox LV 56,
l*@gfﬁnlﬁﬁfﬁ§§3ﬁa The indbial and mean eloemonts of

this orblt and the velues of N and - caloulatod by the

two nathods werae ag followm

ea,




n @ &
1580 0.5310
+ 1621 0.5119

» P~

£

tnltial 106,814

nean 107,079

computed hy mebhod of seotion 6.2 -0, 2590 0,5234
Delounay sories using nean oloments =0, 2570 0.5354

tn these pesulia the affeat of factor (Lii) hes now
boen more o lese eliminatod and the vemad ning discevenancy
hetweon the %wo sehs of values for A and P~ ds thought 6o
be nolaly daue to the offect of poriodlc temas of long

A )

period, L6 is likely boo bBhat the mean values fox

e €y 4 are gHill in exeor by & saell anount due to the
affect of long perlod doxno. The maln reason for the
discxepaucy thorefore iu dalon to be thoe rolatively shoxt

LY

;3@:*‘3,0::{ of thoe Integration. Unfortunately to have
gondinved bhe integration for ouy a thousand yevolutlons
the satelilite would nove been gulie prohibitive of
conpyter Gina.
Ag the dilflerence boebtweon tho two sots of values fom
A and /bb 3 pothor smaller than the bwo oets given above
fox Suplsor Z which included the eifech off Tacbor (i11i)

L)

Lt ds Rolt thed in the rooulia fow Juplter ¥ vhe effoct of

factor (1ii) was appreciablo.

120G,



644 AForiodde Oxhly

It has alroady boun sugpeated (oce seoblon L.2)
Shat thoe praforvence L0 neare-conmcnsurable pestollise
orbita might be due o the faet bthoat these orbits ave
alose o perlodic oxbits and will therefore bheo
rolabively stable ovbits. IL & poeriodic oxbit could
be found in tho veglon, say, of the group (i) satellites
af Jdapiter and L% coundd be shown bhsv periodic oxblis
wore move likely bo ocecuy at commensbrablliitlies than
slhaswvhere thon thig proferense Loy near-gopmensurablo
orbite night bo emplained, 1t being assuped that any
patellite in an orbit ncar the gwoup (1) satellites
would tond Go bhe pertusbed inso an orbis of greater
sbability in the couvse of Yime. In the following
argument thoe vazious conditiong wpequired Lor a patelllite
to satlsly Swo swecessive mirvoy condiguratiocns and hence
be iun & periodic orbit will be discussed.

Buppope Livet of gll that the Sun moves in a
pizoular orbit about Juplior. Thon & sabelllte moving
in a eclrenlar obbit abvoubt Jupibter in the plane of the
Sunts apparent orbit about Jupltor will patisly o mizvow
configuration with the Sun and Jduplter swice in cach
synodic period of the gatellito with zespeet bo the Sun

L., cooh time it crosges bthe Sun-duplier lino. Iz

130,



howover the eocentwiclsy of Jupiterts orbit is taken into
accownt then o satolilte gsarted on She Sun-dupltor lino
in g gizeular oxblé in the plape of the Sua's appareny
orblt about Jupitex whon the Sun is at perljove ox
apodove wili not satiefy anobhor miveor configuration
with tho Sun and Jupiteoy until 1t cvosses the Sun~Jupliow
line whon the Sva s ggnin ab pexijove ox apeljove,  Por
8 sateliito vhose mean motlon s commounsuerable with thab
of tho Sun ﬁhi& will comvalnly happon after a small numbor
of wevolutlons of the paltellito ghout Juplicwy and hence
auch an orblt will he periedic.

Suppode now thalt the orbit of a satellite moving
in the plane of the Sﬁm'm appapent orblt abous Juplier,
with non-zoro orbiitnl c@aentwieiﬁyjiﬁ compnvaed wilth the
matellite initially on the Sun-Jdupiter line and at
perljove o fowvn o piryoy configuration wish Juplier ond
the Swn,which ie also at pexijove.  Supposo boo that
the ratic of the mean movlony of the Swn and tho
satellite ls emectly 1/a whewe i i o emall ( < 30 say)
integer. Them, hut Lor the movement of the apse Line
of bho satellitots ovbid, which must of courpo bho bulkon
ingo meeount, snother niveon sonfiguration invelving the
threo bodies would oscuw when tho sateliilte had completod
n revoluntions sbont Jupliow, Taking inbdo ascount tho

e

novenons of the apue Line anothor mlzvor conliguration

fut

Y A

La s



will ocony when the apse line is again along the

major axis of the Sun's appavent oxblt aboud Jupitew
and the gavellite snd the Sun are bobh on this line,

If the peﬂaa&'af the apse line g an oven multiple

of the 3:3@333,664. of the Sun abouwt Juplten then fox o
sommensurable orbit thoese condin ianm will be aatlsfied
after hald of the apse period since bhis will coxveopond
toon intogral nwmbow of Jupitor yoaws afvexr vhdeh time
the Sun and the satellite will covtalnly bo on tho appo
line of Jupitents oxblt and have veloolly veclozs
perpondionlar to 1%, This iwmplles that the period

hotween the two miswor ﬁmmzzwmfut%umm will be m/2 Jupitor

K1

years where m 1o an even intogoy and the pewlod off the

apse of the sateliitots oxbiv s m Juplien yearo.

».

The gase of a satelllise in an orbilt inclived %o
the plane off she Sunt's apparent orbit about dupiter is
alightly noyve complicnted. Conglder the oxbit of o
satellite, aguin Inltially ab perijove and on tho Sun-

u

Jupiter Line with the Hun ab pozijove o form the nsuald

nlorer coufignration with the Sun end Jupiten but thig

timoe with o velooldy vector not in bthe plane of tho Sun's
apparvont oxrbii about Juplioer. Suppose agoin thal the

f‘

sabellite is at the commonourabllity &/na In this

Exl ]

a0 allowvance muet bo nade for the movoment of the nodo

138,



a8 woll as the movemont of tho apse of the gatellite's
arhit hotween the Ywo alvvor conlignrvations. If, fowp
axapple, the perliod of the apso weg on oven awmber of
Juplior yeavs and the povied of the node was a ginple
simple feactlon(say 1/8)of the perlod of the apse then
fox a commensuvable orbll the seoond mirzow confignrablon
would oceny off Jupiter yeans afbter bhe fivsbt, where g

o

LG .

a3

wae the pevied. of the apse of the salellitol's o

&

Aftor this pewriod the gatelllite would ngaln lle on the
Line of nodes which would have yolated bthrouph 360° and
would again Lie on 1bs gpse live vhish would by then
have votaied thwough 180°7 with reppect o the line of
nodaess o gdéitlon the getellite wonld once more lie on
the Sun~Jupiter line since It was in a commpensurable
orbits

As hao boen seoun, the ywbes of movement of the iinaa
of opses and nodes of the geoup (i) satellites do in fact
aelmoat bear a slmple vetlo to one awvother, M belng Juss
about double A shough of tho opposiso algn Lt now
ropaing o gee I a poviofic orbli axists with suitable
alnes of A p P Bud 0 {tho mean movion of the satellite
in 1t orbit), the three pavamecters defining the poriocdic
orbit, in the reglon of the group (1) satellites.

Suppose n io talken Yo be geventeen timos the mean motion of

ooy
*\é‘e@} q{? ®




dupiter {pee sechtion 1.2}, Then
now A7 x 87 = 106.8141 rodions / Juplter yoor.
The values of A and M- whioh satlsfy tho abovo

conditions and nve neavesd to those computed foy the

(%)

group (1) satellibvos are
A = 02617994
Meowm GL.5235088
siving 12 N =-N and 12 M= 27 thorefore after
giving 1€ A = -t and 1 /W e 2 shorefore afiey
twelye Jupliew yoars 6 satellite with these values of
the pavamotors should sabisly snothow mivyor condlguratlon.

Pho peoblon now is o find valnes of o, 2 and 4

¥ 0
wiich givo xise to those values of 1y N ond M 1%

hag alroady been soon thet

N = @ (N, €, L ) LEQ\)

/UK = \:('\’\o)ea} Lo) (Blr:)‘)

fhen 4 O Beyo AN @y0 and A4 o popresent small changes
in the values of B0 G and L, roppuetively, then tho
correspondlag changen in A and S ave given,to tho

Pixet oxder by

AN = 2{*3*‘0 + %Lﬂeo + .?-‘&— 0o, (b .3)
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and the obthor fovx sguations boolk o similoy gimple fomu,
Tho valuocs of the partial derdvatvives wore calenlatod fvowm
thesoe egrations and are glven in table G.4.

It was now possibloe o detemmiuve the valuen of
o O
the desired veluos of 1, N and - Exom eouatlons(6.4.3)

and i » 18 any omisved,; which would give vise to

and (6.~' ). The poxbilal derivativos were aow knowsn,

A B, WA givon (approxinately) by the differoncc hetween
“tho rcqa;reﬁ noond the value of u, for BV 4 and ﬂ>\ and [X/&
wore given by the ifferences bebwoen the required yvalues
of )\ amé/pv and those obdained Lfrom 8V 4.  Houotions
(644 43) and (644 .4) thevefove gove A o, and [ i,
the differvencoes bebtween the inlblal vdlues of ¢ and 3 in

SV 4 and thoso in the poriodic oxbib.

e

0, end 1, for the porlodic orbilt wore thus found Ho he
o, = 0.15005
0
:?-«C‘? = {} » 533»155

and the value of B gorpvennondlng o the sought Lox value
ox D, wan
8, = L4393 x 10"
The orbit with these indiiel clomenbts, SV 56,
Le49/0,159/0.5300, was inteograted for 110 wmevelutions
about Jupitor and the zesultant values of A and M- weno

galovloted in vthe opual woy. These wewe found o be

vy



A s w0.2590209
Mmoo D.5233090
The situation i swmmarised in table 6.3. It
18 %o bho nobed that the values of A aﬁd/m gomputod
for 8V 56 were welavively alose %o the predicted values
compared with, sy, the difforepces botwesn the values
for BV 4 ond those Loy 8¥'s 1, 16 and 17, This would
sugrost that the veosult in signllicant and that the
aiffevencos in the N o and the u fs fox the comparioon
arbits ave yeally die so differonces in tholr initial
gonditions and axe ot merely dve B0 the uncerteinties
in the method by which vhoy were deltemmined. The
offect of the long period texms referwved fo in the last
soetlon should w0t afifect this "ditfferentialy molthod
of obbaining the periodic oxbll too grestly as all the
Yoglose" oxbite will tond S0 be "in phase® ap fay ap
these are ooncerned.
I3 is therefore poen that b0 an ageuracy of 1% ox

betber valuss of Bar Gy and 4L can be prodicied which

O
will give zime to parbiculay velues of A and Mo,

By chooging the inovoments in u., o
,Z’if 35 g;}.f&’ O

caxofully in the comparison orbits and by wsing more

revaYi ] ACY
{i‘{&{i q&gr{} m& 4€c G

somparicon orbids and solving the rosultans ognations by
a Jeast sguaroes method 1% g folb that the partial

)

demivatives could bhe detornined moxre acourabaly.

3‘;} ?i ]



However, In view of the wicertalnilas of the mathod

due o the melatively short leangih of the inbegratlong,

Lt s net shought thabt, withouts nely {; widerably move
ponptter time, the veguired velues of and /w ootld

be attalned with nuch pressey aceuradys

what would be veguired would be bto consinue the
inboegration of the gompavdson orbits fow ab loast
wenby-tour dupiter yooaxs or Lour lumdred revoliunblons
oF tho satellites, which ip the poxiod of tho sought
for poplodic orbit, over which time L6 ought o be
posaible bo oliminabe the lowng poriod temms, In

»

addition meny nore compaxison orbibts wonld yequlre Ho

aurn

ho tgodes L4 ig £eld however that thexo 1o sone
avidence fyom the roeaulbo of this seeblon that such
o opbit exicts and that it could be diseoveroed by
o mothod gimdlay to that demoeriboed heve

[~ g » o Fyen’l & YAyt g:,t-.m,“.! 5 £
6 ¢ . MU’}‘Z}‘Q ) i‘%&?ﬂgss}ﬁ\fﬁ “““%m‘*zﬁ#%”

A o cheel on the nlgnlficance X the pesulis
of the last seoctlion L% wopn deglided o compare tho
value ofMbnan obtained by the differentlial mathod

1

depseribod in the lsst senbdlon with the value obtained

Caial

by partially diffoventiating ithe Deluunay sonles

e

Lok
-]



Lor the zato of movesniont of the aode. iha mean

valnes ol n, ¢, L for 3V H50 were gunbstitubed in the

Dolaunny expression P@wﬁéhW\wn“eh was evaluased o he

«2.349 = 2070
compared with the velue eccordlng o the differentiel
mathod of

~2.003 1 20
Phis would appsar to lntlosboe bthat the partisl devivatives
aal mlm@c‘? in psession 6;4 ara pessonably accurate, though
L% may bo that the onos which wore dotermined fxom
comparigon orbivn with velatively close valuey of

N\ and Vs lens well dobexmined.

n

oL » Tow emample, may 1ot be so well detommined.

o

I% should bo noted thab ezecl sgroenent bobtwoen
the volnes of 3(’)/’3 n glven above would not have bheon
expeeted as btho function "IY used in the differontial
mathod was o funcbtion of bhe initial elements and
thevafore did not oxactly coxvwespond Bo the Delauns)
sexies whlch as alwendy pointed ot Iuvolved the noan

alomonds .
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Tha ol of thilew Shesis s boon Lo ase the wpopuld

1

obtained Lrom bho sunaricead integrotion of the opbide
off hypetbaticel sobodlites of Juplier 0 Yoy and mop
out arens of wtoble petellite and 2oteroll ovbité, ~nd

o oupledn bthe ebsgrvoed digtzibutlor ol ouwter satoelliion

3.

gf Juplier ond ol aw

&

.

onolds In ovbite clowe $o Junitow.
The obleet ol thio choplicr s to vonsdder to what extont
shie adm hoo boen aobleved.

& onumbar of anthors ineluding Dovwin {(rofe 1,313),
REY ::sm»»:;wa (wofe 1,383, CGoudas {ref. 1.17) wod Choebotarov

e = rgte v v I - * Iy tpaps N U ST D TP [ N S
{ruf, 3203 hovae gomprbod Lorge nunbors 0l orbits ol the

masaless body dn the restriceted threo body peoblem, in
pong cogen with referonce Ho the ouwter setoliibes of
Juoitore Ouher audhors, suok oo Lobone {(pol. 6.8},

Teneshove (pels 6.4) ond Eovaleveky (vei. 2.1), huwve
gompubed the oeblin ol periiculay owbdor gotolilten of

<

Pux g ) oy 1 m 2 s S T
Juplten w.oth eonclderabla ooy

e

Tha poveoech hoere e 0dn somewiero. baboaon thoso

the heo sots of sudlwrs.  On the one hend the owbits
eompuiod have been more Like the orbiiu of the ool
Jovisn sotellites thoen those computed by bhe flrst ol

of anthors, .8 ondy Goudps conoldoersd orblis not ln



the plane of wmotlon of the vwo massive bodles and only
Chebovarev consldered ons of the masslve bodlesn o move
in an elliptieal orbiht aboub the ovhwor. On the other
hand 4% was £olt that wmore infommation might be obbtalned
regardiong the stabillity of ovbits if a large nuuber of
alnilar orbits were computed, so that the effect of
vaprying the varyrlous paramsters on the sbabllity of an
orbilt night be investigaved. The second set of authors
were interested in the orbit of one paviiculur Jjovian
spbellitbo. Hepro the idea was to investipgate the areas
in which stable orblte mipghl exdst wilth pertleunlon
reference to the positions of the ouber satellitesn of
duplben,

The method of integration used (De Vogeligerdéls
sethod) was found Ho he very convenlent and has nob,
ag far os is lmown, besn used for this pumpose befove.
A sufficiently small step length was used and o
sufficiently layge sumber of signlficant Tigures wvero
retalned that the method could be used to caleulate
the orbit of a satellive fox a few hundeed revolutlons
about dupilitemv. It would appear 6o be o weakness of
Chebovarev'a work that such o lavge step lengbh uvas
used that after o few revolutions the rvesulibs Voecone of
Little sipnificonce dve to the growith of wouvnding ofi
errors and also thalt tho lapge sise of the step length

made it impossible bo denl with c¢lose approaches of



gaweldite o Jupliew.

Ta2 Ehe Geoun (4

Tron the Integretions of tho owbiip of satelliben
in bhe weglon of the group (1) sabollitos 4t has boon
gacn that such orblte are sxtromoly eiohle,  For oxanple
the pango of vwaluen of &, ¢ and i duwdng o huadzed
wovolutlons of 8V 4 wore op £ollovws -

a1 1,479 x 0w 1,503 x 07F

Qxdll w )« 200

3 3 SN v 2955

¢

.

£% han beon guggesbed $het those oxbits Lio vexy
chosd L0 o pexdodic owbit, Bo vhet oghits in this »oglon

oL

noy be bhopght of ag guall yaplations of the porlodic
orblt and aye honce vory stoble, o choapter ¥I 4t was
phown vhat o posiodic orbib probubly dalets Lo thio
veplon and cowld ponsibly ho discoverxed by o method
mimilar bo the one deseplbed in thot chapbon. It woe
aloo polwbed out thet porxiodic ovbiis tend 4o bo
associated with commensuvablilitios which would holp to
oxplala why the powen ontommopd satellives of Jupitonr
all lie close to gonmounsuzmabllitien.

Tho fovegoing avgument shonld not Lo tohen o

puggest that oxbiis Jusd ouinide the positlon of tho



group (L) satellites would be particulerly ungtable,
for 1v was seen In chapbtewr IV that dircet orbiive oud
vo about double the distance of vhe group (1) satellites
from Juplber would bhe stable in the sense that a
sabolllve in such an oxbit would be able Bo complobe
‘more thon Lty wevolutlons about dupiier withoub
egeaping frow the planet, though of course Lt would
suffer mueh pgroater oscilllations in its elemenths duning
this poriod than a bypilesl group (1) savellite. In
Faet there is no great welght of evidence from the
orbits computed dn this vielnlty vo euppest vhay
conmensurable orbits are more stable than neoighbouring
nonsconnensurable ones (sce section %e8). It is nore
fron the presence of sabellltes ot these connsnsurebil-
itics nud the appaprent likelihood of periodic orbite
existing ab thepe conmensurablllities that it in feld
that such oxblbs are wore ateble thon nelghbouning ones,
It is thouvght that further work along bthe lines of
that desceribed ian c¢hapber VI night yesuld in the
discovaery of perivdie orxbits in the reglons of the
group (1)y group (1i) snd proup (141) satellives and
in this way the prefervence for commensurabilitles anongst
the orbivs of the seven outormost sstellibves of Jupiten

might be explained.

XTI



affnet of vasying the Indiial

conditions of 4 gabelilto oubidy on the atabllity of the
orbit was Iuvestligatod in some debtalld, The zesulis was @

falely comprehensive plotuve of the valusce of a 0,y ond :?,.@

<

] +

which wonld slvo plue o giableo and nunsitable {iﬁ:"i:- ite.  Teom
those rosulis 4% would almost bo powaible Yo deduce Low any
a and L, vhothew the compesponding

dlvont or retropyade oodelilte orbil wonld bo ghehle on nob.

gloon valpes Of o4, ©

LI:A ; ‘ll(" 1.:1::. 3 &:ﬁ-ﬁmﬂg ;._s;‘i-}h ANLS ti;*’rgk _‘ﬂ i .ia R J W |4 ’- x ‘-’ {jm kL :- r :_:,Q — { rﬂb@{‘g;}:ﬁm:m
Brovesn and Shnllhivef.T«1) bove wead dhe Jasobld intozral
o Investizebe the otebility of lunne sabollites povturbed
by bhe Fapih and Bewsh sebelliton perturbed by tho loon,

» L) 2y LU,

tho ceddervion Dop ptabilisy bolng thoat the sore-yoloclivy

agunve fop the aodelllise sheuld be o oclesed ourve ohout

Hhe pavent body aud hod dho gotelllbo shoudd be laside
hils gupye. The anthowns odnlt & thoat wo Long tsorn

predlotions moy bo nade due to S ausumpbions {nvolved
in vhe use of the Jacohd intogral,

G

ot have bheen ompeated howover shat although tho

+

EG mi ;
Paanle? of Sho gybten o ddfforent Lyowm the Suvs-duplicr
pyaten, the effeol of chomgoes In the iaditial conditlons on
i gvability of o luvoaw seSellide pewturbed by the Daxbth
would bo pimilar do e vesulis obbolned fox o Jovien

septelliste povtusbed by vho Sun,  The wosulis of Groves and

£

3

Bhailh ema bhowover considorably diffopent fzom bthos

obtained in chapboy IV. fov lnsionco Groves and Shalkh

ZE.@?» % A



found that direot ovbits ovre stiable out Ho considerably
greater disbtances from the Moon than vetrograde ones
apd thobt the effect of increasing the inclination of

s orbit in alwsyg o decrease 1Us stabllity. These
conclusions difﬁew 820 mach from the numerdcal resulsva
o¥ chapter IV and from Chebobarev's work that it is
ﬁelﬁ}ﬁhmﬁ,wﬁi&e the analyels in the paper dls no doubd
guite validy the critexrdon adeopbted Lorx the stabilisy of

aneorbiv ds not very uwseinl.

L]

It would appear that Ghere is no simple method of
debermining the location of stable (with the meaning of
chapter IV) orbits other than by divect numerical exporie
ment olong the lines of chapter IV, The resulbs of
chapter IV were Lfound 46 be very eell consishent and i
should be possible from bthe inbtegration of a few nmore
corefully chosen oxbitsy to map oulh the apece completely

boetuweon sbable and wnatable orbibs.

7elks Usplure af,&&t@w@&gg.

The resulss of chapber V would bend 6o suppesty

that the ocuter four satellites of Juplber ave capbured
asteroids. IH was not pessible to re~enact such a .
capture but Hhere was some ovidence fyom chapber IV that
asteroids capbured into move dlstanty sabellite orblits,
if they did not later gscape fron Jupiber, might be
suceespively perturbed into orblits of this type which

would bae relatively stablo.

A6



fho mesullbs of chapber ¥ woudd aloo geen B0 éxplain
the Jack of agtowodds in the vieluldy of Jupitesnts oxbil
an bodxg due Yo the digsipatlon of ssternlds v this
roglon by Jupditor and 3t would ngd seom to boe noceseaxy
o yely on the clusbtering of coumenanvabliiliies Lo peovide
an cexplanationes L thin oxplandtlon do accopbed, bowevon,
tho oxlotence of agtorodds In arbits botweon thope of
dupiton and Soduen moest now he pogtulated and op
caplangtion why ¥wo nuch agterclds have been diogovored nusst
bo offevad, |

L astoreldd dn guch an orbd® wouldd of cotwse ho

eonpldovably fninbop *";.%t.xem ome in tho astorsid halb.

Gompidoy, fop imgtanne, thoe Mu wa I an agteroldla
apporent mognitede, as seon £20m the Bopth 8% opponltion,
Gny hos movoed Sxom o hollotontele orbid of nadlug 2.5

aabtnonomicnd, units o one of mdlvn § ogtrouonmicol tnids
{eadive of Salfurats opblt = 9,04 aptroponiesd wnibo),
Binge the astersid ghinen by peflogbied suniight Lie

sbhooiunte brightnose wild be doovronsed in the zablo

b _ (9_9_)1 (1461)

4

whore B, is the absolnte Dheighbaoess of the apborold in
’}a Ly

the loxgoe owldt md B, the ahoolete brlghiness in the

M

smallon onge Tt tho dlooanse of tho ooloroid fxom the

Barkh ol opposition 3s groster fow tho lapger orbilt then

At o



Pop the sualder one o Shab btho potio of tho appapont
:

beightniopues of the asterold, o poon from ihe Dardh

.

ot Gppositlon, in the btwo oxbiis s givon by

b k&é) LS ) (142}

by 4 7

]

whore By lo the apperent brighinoss of the sstereld in
bhe laxgor oxbli and b, Lip appezent beightuens in the
sualler ovbite LE my and my awe Hhe appowont nageibudes

corpanpondling o By

A

and by then % follows Ghetd
W, — W = I.S,Q@am (o, oow‘i) — 5.0 (7. q.fs)

Thus LU appoars that an aebereld which would hove had
opparent maghltude 0.5y whon viewed from the Sawth as
opposdilon, (ouly %$m~&3§§3ﬁ&&ﬁ have pogndtndos Legs
than this - zod. T+2) in g helloceatnic orbii of mediue
2,4 astronomicald waltes would have appapont mogoitede

15:36 In o hellovoentric oxbit of wmdiug 8 awbtronomlonl

wadbe .

&4 would poar pobeible that objects with such lawge
apparent nogalbudes might wob hove boon diseovered. OF
bhe Shounend ninor planets lisded in pofapenoc 7.2 Bono
had op Jazge on appront magaliude.  On tho othon hoad
It doop soan possible That such seterelds eould be found

wlih nodera ogulprent and thewe is wo dowby that LL evon

348,

-



o fow puoh abboreldds oould bo dlscovored eovsilorebly
wolght would bo Leoand Lo the theopics of chuopbor V.
IV de boypod that within she nont fow yoars some abbempt

wiil ho rrs,ﬁ,wﬂ@ o seoroh for sneh agteroids.

Tal fﬁisig,iw.;‘*';{‘i;‘_}t(}:%? UE .n_m.

Magh work yonodne to be dono in nopping thoe pogion
ol &’z’xpﬂ:&:ﬁw for siebleo and wietable orblis, in locking
Lor o podd m:.h, owhit in the vogilon of tho gyoeup (L)
paielilion and L teying bo go-cnaet the copiure of onc
of the outer mabelllien of Jupiber, It lo ouggostod thed
thooe problong night bo solved by work slong the Linos

Poihet Gone dn bhie theosds.  Tho compubor progyams
dovoloped in bthe oouroe of this work cowld bo usod nore
generadty o lavestigate the oxblis of aotorolds owIy
from the wicindty of Jepiber ond bo compube the orbibe

eFf padollltes of other plendie which ape bubjoost bo

porturbotions by tho s

149,



Roefenencan in Uhapber VLI

7.1 Groves, G.V. and Shaikh, N.A. Journal of the

British Inbeyplanebary dosieby, vol.20, 19265.

7.2 TYublicatlons of the Lick Obsevvatory vol. EIX,

1935
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T, pection 27 A% was oxpleined how tho opbldt of
@ pubellite wao cumpubod fyom o Moy dosty sendes
cepenalon dnvolvlay v bo fouweth dewivabives of thoe
patellitols jovicentiio og-gndinobos. . 2hoe dhisd md
forth dvdvedives weve obbained by diffeveontieling
Hhe beolc euusdions of pmodlon oo glven by Hoveleviky

ﬁ@ﬁuwtadn‘(h,@ﬁw} } and ware of bhe foma -
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An expreasion for the [1{th dewdivative was also obtaluod
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S & hor B Dozt N0k 0f_TovE |
Q185 29,9 I G =100
0,30 82,3 D ¢ a0
N 3846 kY § > 30

Q4158 27,9 B ¢ > 100
.30 R2a3 D G 9
030 2 e 3 R G >80

0.00 22,3 D G 550
0,00 22,3 D o 3
0,00 22,3 B ¢ >50
0,00  22.3 ) ¢ 3
0.00 22,3 R ¥ >50
0.30 22,3 D ¢ 2
0.30 82,3 R ¢ >50
0:30 2243 D G 2
0.30 2243 R G >50
0.158  29.9 D ¢ >300
0,168  27.9 D o > 160
0.00  22.3 B ¢ 5
0,00 22,3 B ¢ >50
0.30 22,3 D s L
0,30  22.3 R G 3
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2} 2 & Dex B,

5 .00 0.0 22,3 D 0 1
5 400 0,30 22.3 R 0 3
4«50 0.00  22.3 D 0 1
4 450 0,00 22,3 ] 0 > 50
4450 030 22,3 D ¢ 3
4«50 Qa30 2243 n - © 4
4«50 0430 ?fl.,,} | D | 0 3
4 450 0,30 22,3 R 0 5
2,96 0.158  27.9 D - 100
2.96 0,30 .28.3 R ¢ 100
2,72 0.3 2243 ‘» ¢ > 300
2472 0,168 32,6 R ¢ > 100
GO0 {400 223 ‘ 2 , G Q
G .00 0.00  22.3 R ¢ 4
1,51 0.207 £9.8 1) ¢ > 100
& <50 0.15  22.3 R o > 50
5400 0,15  82.3 i) ¢ > 50
3437 0430 340 D y 3
4 o B0 0.25  22.3 R ¢ >50
3837 0..30 15,0 0 G 3
5 400 0,25 22,3 R ¢ 12
3437 0.30 28,0 D ¢ 9
5 (0 0.25 5 o) R ¢ 50
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52 337
53 5.G0

54 2496

55 Satellite A of
0,159

57 Satelllite B of

56 1.9

6R Satollibe ¢ of

63 Satellite B of

030
a0
0485
G,30
2425
025

L
4540
6060
15,0
60 .0
A5 o0
7540
75 .0

3.0

sectlon ¢

30«4

saetion
sechion
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D

i

e

R
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D = Diveet, I - Rebrogrode, O « patellite gbarted
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i ie in dogvoos
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KIDSGROVE ALGOL VERSION OF MAIN PROGRAM

» ESTABLISH DAOTOOTO0KP4;

P33DK;0/P 83~

begin

1ibrary AO,A6;

real h,e,b,M DM E1,E2,pt,R,r,D,G,mycx,cy,c2,,ha,bom,xn,yn,
P,tt,pp,ecc,inc,pi,n,ma,to,wpv,a,t,v,u,som,rp,eps,dM,

1nteggr 1iqig,3k,x,3,c,kj sFyd s Kyper,rep,jpsJd,SV,s,88,

2Wy 3
real array y,yh,yd,f,fh,fm,g,k,X,st,std,hy,hyd,prev,
revdi1: 3j

ien(305

open ( 20§
s8:=read(20 d:=read(20);
Jd:=read(20); kd:=read(20);
:=read(20); DM:=read(20);t:=read(20);
M:=read(20)3; er.mread(eoi; SV.—read(EO),
y[1].—read(20 vl2]:=read(20);y[3]:=read(20);
yd[1]-=read(203, yd[2]°=read(20¥ yd[3] :=read{20);
G:= read (20)3;
mi= 9, 5478 6102 10-4
:=3 1415 9265 363
:= 9,9882 798 m‘1s
pt:= 5.0 =113
eps:= 4,0 p-12;
x:=1;
rep:=0;
1'2‘03
s:=88-13
J =03
M:= M+DM;
for i1:=1 step 1
begin prev|[1i]
prevd( i

goto ELS;

BB: l:=1+1;
if 1=kd+1 then goto DDj
kJ:=
Jks —4,
rep:=0;
J =03

B: fori: alste 1unt113do
k[1]:=y[T
p:=13
goto S;

untll 3 do
=yl1]3
:=yd[1]; end;

]

1 K7



fori:=1stepluntilido

begin fT1]:=gl1];
yhl1]:=y[1]-hxydl[1]/2+hTexgl11/8;
k[1):=yh[1]; end;

M: =M-2><DM,

p::O;S

goto 53

fori:=1stepluntil3do

hli]:="gl[1]3

M: =M+DM;

ir y[1]<0 then w:=0 else wi=1;

fori ste pluntil3do

begin in yhli ;§TTT4thd[i]/2+(4xf[i] fhli1])xnra/24;
k[1]:=yh[1];end ;

p:=2;
oto S3

fori:=1gtepluntilido

begin fhlii:= 1]3
y[i]:=y%1] +hxyd[1]+(f[1]+2 xfh[1])xh12/63
k[1]:=y[1];end;

q:=03

gotosS;

for 1:=1step 1 until 3 do

begin fmlij:=f[i];
£{1]:=gl1];
yad[il:=yd[1]+(fm[1]+£{1]+Uxfn[1])xnh/63 end;

goto Z;

M: M—entier§M/2/pi)X2Xp1,
E1:=M+exsin(M);
c:=0;
E2: M(M+eXSin(E1) Eixexcos(E1))/(1~excos(E1));
if abs(E2-E1)>pt then
begin E1:=E23 ci=ct+1;
1f e=20 then
begin write text(30,[Kepler]);
goto DD3 end; gotoT; end;
X[1]):=cos(E2)-e;
X[2]:=bxsin(E2);
x[3].-o'
sqrt(X[1]T2+X[2]T2),
rp.—r'
r'wsqrtik[1]T2+k[2]T2+k[3]T2)'
D:=sqrt( (X[1]-k[1] )re+(x{2]-k[2])r2+k(3]12);
fori:=1stepluntilido
ETI]:=G§TT§ITT:§I1777D¢3-X[1]/R¢3)-mexk[1]/r¢3;
M:=M+DM;
ifp=1then gotoA;
if p=0 thengotol;
1f q=1then goto W else goto U;
if y[1T50 and w=0 ~and kJ=0 then
begin di=d+13
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X:=03;
write text(30,[orbit]
write (30, format ([ nnde
Jki=jk+1;
Ji=3+1;
if rep=2 then goto Ej;
if J=Jd then goto ELS;

E: 1f Jjk=2 then goto STEP;
ifJk=3 then goto COMPAREj
if J=1 and per=2 and rpp>r then
begln per:=1;

write text(30,[0Kalc]]);send;
if per=1 and rp<r and kj=0 then
begin write text(30,[perijovelcll);
Jpi=J3
rep:=2;
S:=88=1}
goto ELS; end;
1f per=0 and rp>r and kj=0 then
begln peri=2;
rep:=2;
write text(30,[apojovelc]]);
83=g3~1;
goto ELS3end;
goto V3

CI: M:=M~-DM;

kJe=1;

Jke=03

DM:=DM/23

h:=h/2;

for 1:=1?t?p 1[u?til 3do

begin stll)i=yl1};
std[1):=yd[1]; end;

goto Bj

STEP: M:=M=-5XDM;

DM: =DMx23

h:=hX2;

for 1:=1gtep luntill3 do

begin hyli]:=yli];
hyd[1]:=yd[1];
ylili=stl1);
ya[1]s=std[1]; end;

oto Bj

COMPARE: for i:=1 step 1 until 3 do
if abs((hyl[1l-y[I])/r)>eps then goto HI
if kJ= 2 then goto DI}
for i:=1 step 1 until 3 do
begin yl[1]t=st[1T];

ya[i]l:=stdli]; end;

%i,d); end;
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DI:

HI:

I:

ELS:

Jk3303

kj:=2;

M3 =M~ 3XDM;

goto Bj;

write text(30,[doublelc]]);

if rep=2 then goto I;

M:'=M-3XDM;

for i:=}step1u?t%1 3 do

begin yliJi=stli];
ya[1]l:=std[1]
prev(i]:=y[1]
prevd[1]:=yd[

x:=13

goto BB;

h:=h/2;

DM.—DM/E,

M"6XDM,

if kj=2 then goto
write text (30,[h alf[cl_),
=(J=~3)XDMx4
M-—M“dM,
for 1:=1 step 1 until 3 do
begin y[1iT:=prevli];
ya[i]: prevd[i] end;
ti=t-2%(J~ 3)xh,
rep:=0;
if x=0 then di=d-1;
goto BB;
write text(30 [keeplel]);
for 1:=1 gtep T until do
begin y[iT:=st[1T];
ya[i]ls=std[1];
prev(i]:=y[1i];
prevd[i]:=yd[1];end;
1f rep =2 and per = 1 then
begin per:=
write text(30 [OKplell)s
x:=1;
goto BB;
=t+3xh;
8:1=8+13
1f 1=kd then s:=ss;
if s#ss then goto CI;
exs=y[2]Xyd[3]-y[3]xyd[2];
ey:=yl[3]xyal1]- y[1]xyd[?%;
2
b

s
3
1]; end;

czi=y[1]xyd[2]-yl[2]xydl
ha:=sqrt(cxrt2+cyT2+czT2)
pp:=haT2/Eme)
ri=sqrt(y[1]t2+yl2]ro+y[3]12);
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bom:=arctan(O~-cx/cy);
if ey>0 then bom:=bomtpl;
Inc:=arctan(s rtf(ha/cz)?2-1));
ecei=s rt(1+(% al1]re+yd(2]re+yd[3]12)/(Gxm) -2/r)Xpp) ;
a:=pp/ 1~ecc?2¥;
xn:=y[1]XQosibom;+y[2]XSin(bom);
yne:=y[2]xcos (bom)xcos (inc)~y[1]xsin(bom)xcos (inc)+
y[31xsin(ine);
wpvi=arctan(yn/xn)
if xn<0 then wpvi=wpv+pi;
vi=arctan(sqrt( p/(me? X(y[1Ixydl1]+yl2]xydl2]
+y[3]Ixyd[3])/(pp-r));
if pp-r<0 then vi=v+pil;
SOm: =wpv-Vv3;
if 1-ecce<Othen
begin write text(30,[eccentricitylcl]);
goto L jend;
ut=Pxarctan(sqrol (1-ece)/(1+ece) )xsin(v/2)/cos(v/2));
ma:=u-eccXsin(u);
n:=sqrt(Gxm/art3);
P:=2xpil/n;
tti=t-(entier(t/P))xP;
to:=tt-ma/n;

L: 1f 1=0 then

begln output(30,SV); output(30,m); output€30,pi);
output(30,b); output(30,e); output(30,G);
output 30,pt5' output(30,eps); output(30,jd);end;

1f 170 and 1<(kd-ss) then goto H;
output (30, ss);output(30,d);output(30,Jd) ;output(30,kd);
output(30,h); output 30,DM5; output(30,t);
output(30,M-DM); output(30,per); output(30,SV);
for 1:=1 step 1 until 3 do
output(30,yl1]);
for 1:=1 step 1 untll 3 do
output(30,ydli1]);
output(30,bom); output(30,1inc); outputéBO,ecc);
output(30,a); output(30,som); output(30,to);
8:=03 goto CI;

H: F := format([+d.dddddddy+nd;]);
J i= format([B8s+d.dddddddy+nd; ]) 3
K := format TBs+d.dddddddm+nd;clj;
write(30,F,%); write(30,J,M~DME; write(30,K,r);
write(30,F,y11]1); write(30,3,yL2]); write(30,K,y[3]E;
write(30,F,yd[11}; write(3o,J,yd[2ﬁ); write(30,K,yd[3]);
write(30,F,bom); write(30,J,1nc); write(BO,K,eccs;
write(30,F,a); write(30,J,som); write(30,K,t0);
s:=03 goto CI;

DD: close(20); close(30);

end->
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