Fundamentals of

Gelestial
Mechanics

JMA. Danby 3228w

Farhiahed hy

Willmann-Bell.Inc. A e
P.O. Box 3502 Aﬁp e
Eichmon, Wirginia 232356 W (@204 q""__*-":;#i '.f:"

United Siazas of Amarica J20- 1016




Table of Contents

o R A S SR S e e S e
Chapter 1 Tbernmlﬂmimind Fhedie bbaa bbb s dbrara

{1 Istroduckion.......... A SRl o

13 o DeRiRICT o v s i sm b a i S S g Y b

14 [Keplet's Laws.......

15 The Astronomical Unit ........coociniiieainiai s isainnas

L7  Astronomical Observations. .
1.8  The Celesiial Sphere.
1.9  Preoesssion, Nutation, lud an-lim: nJ Lll.btnd.c

1.10 mw.ﬁﬁpmﬂmn{ummwt .............

111 The Mensurement of Time

clupiur 2 Introduction to Vectors .......ccocorimimieisasisnans

ot BT TR e P R e R
n_a Tha Taww of A0 v vvovimirstsrsrerisnsenrnsesstenisros st
e [ b TR L S T R A R RS e

24 The Vector Product .. ............

25 The Veloolty of B Veckar ... .ciaiaiininisisinsiainaiosianiions
2.6 ﬁngull.lVvuh{'i‘l;r,..........._.....................................

27 Totating Axes .,

28 mrrﬂlﬂwﬁawu
29  Spherical Trigooometry - . N A AR S B s
Chapter 3 Introduction Te Vectorial Mechanics. .

31 Foroes as Vectom ..
32 Basic Definitions. .

33 Newton's Laws of Motion ... ...

34  The Laws of Encrgy aml Hr.lmentum
35 Simple Harmonic Motion. .

A6  Alotion in a Uniloem Pil:'lrl ||:|-_|m:t tu Rrﬂllu"t' Frl'.lpl.lﬁ.lllbrﬂ T{l

TR T, R SR SR SRR Fe S R
37 Linear Motion in an Inverse Square Flebd. ...

wvii

11
1
11

46
17

48



viii
15 Foucanlt's Pendulum. . i B
39  The Equation of "dnl.lm uIn Rr.-’lrt. SI-Il-jbl:i- l.n trn ﬂ'll'l

l‘mpu.lﬁm ST PR FRPARRPP -
310 Problems. . - B
Chapter 4 Central Orbits. . SIS EE SRR RN B
41 Geneml Propestie., e BT
4.2 The Stability of Um:lln.r l,'.lri:rh 50
43} Purther Dasle Forowls . ........... 62
4.4 Newtonian Attroction .. FIRRHCAA R .
1.5 Einstein's Hﬂdﬁrﬂtum nrf tl'u'l Blpuhm: n[ ﬁnﬂrh.t ............... i
4.6 The Case fir) =n'r, ' e rererbrres
4.7 Th&ﬂmﬂfj-pjr‘ ﬂ:ll.uﬂplmh .............. rkieainase T
4.8 T Pind the Law of Foree, Given the Ochat . . - T
4.9  The *Universality™ of Newton's Law ., T
410 Worked Examples. . ...ccoviimrrirsisimionsssnnsnnssnntsnns sisnass T8
R o - e e S e 8
Chapter 5 Some Properties of Solid Bodies. ... ... B
6.1 Center ol Mass and Center of Gravity ... ooociviiniiinranseniinns EJ
5.2  The Moments and Procbucts of Inertia: The Inertia Tensor.. ., ..., 90
5.3 The Potential of a Sphege . whyenees B
B4 T&PWJ&MM; Ha:ﬂu]lq;h"u Purmuh NSRRI [ ||
6.5  The Field of & Homogeneous Ellipsoid . . . 1oz
50 Laplnce's Equation, Legondo: Pp]mm:ll. Pnl-:n.i.hlnllhnEm-l.h.. 118
&7 The Tidal Distortan of a Laguid Sphoe

Under the Action of & Distant Pobot Mass ... ..o 0oociveeaen 1T
58 Ellipsoidd Figures of Rotsting Floid Meses, ..ooooonnneneennn 00 180
6.1 The Motion of the Center of Masa. .......oo0oiiciianmaiisiesnas 135
6.2 Tlnﬁrl-hw!-'lm e e ot FiS s 5 S W3 127
G h‘lﬂ[‘mpﬂrhﬂd’i‘ha !\luhm ................................. 138
6.5 The Choice of Units .. et WO ot
6.6 Thusnl:lhmu“{qrh Eqal.l;lnn e e R e 140
6.7 The f and g Punctions. . MO AR R R RS T -
6.8  The Initsnl Value ["l:nhl.nl'l I .................................. 165
6.8  Universal Variahles . . T U S e et PR P PR PRA L .
610 Tlse luitsnl Value l-'rr-lblflm 1[ ------------------------------- 178
611 The Two-Pomt Bosndary Valoe Probilem [—Application

T Ty P e b £t ¢ S 1580
612 The Two-Point Boundaey Valoe Peoblem [1—Gmme' Method .. ... 1t
6,03 The Two-Point Boundary Value Problen Hl—'ﬂjr Method

of Herrick aed Lo . ooooioovvee s ; EPTESI | - |



G.14 Smrﬂxpummlnﬂﬂpd:hlnﬂm S [ |
6.16 The Orhit in Space ... PR
G.16 The Geocentric D.mnﬂul.lﬂ AR SRR -
6.17 Thuﬁﬁc::hnfﬂmugﬂmﬂuumdﬂuﬂlu cresnassreces SOT
G.18 Projocts.. PP - 0
Chapter 7 The Determination of Orbits .. PR 1 | ]
71 Duteediction . . EUCr e i
7.2 anhuqullnd - 1
T3 Ganss' Metbod . RN,
T4  Herget's Method l'nr n Pnehml.u.ury Ot I.I'sin; I-'I.tn
T3 Thrmﬂmnualﬂmrﬂlnulﬂr‘lﬂt!. s 238
7481 Projecis.. — ]
16 U:[n;n.I'rcva:ﬂmnt-r I‘I.ﬂ'nhthH-hllh e bis m i
- L F . . |
Chapter 8 The Three-Body Problem. .. ... ... 253
81 The Resirictsd Three-Body Probleme Jacobi's Dtegral ... .. 253
8.2 Tisserand’s Criterhon [or the ldentifleation of Comets ... o0 20
B3 The Surfacrs of Zero Felabive Velocley . ooooiiianiiniinan i 250
84  The Pesitions of Equilibrivm . . i’
85  The Subility of the Polats of E|||uJ.|I|r|.1|||J .. W2
86 The Lagmangin Solutioss for the Motion of Thh!l! Fnlte]}adu . 6
. R T e A T o VMO St T L e L T i b |]

ﬂ.‘mphr 9 The n=-Body Problem

'III 2
o3
G4
05
2.6

Chapter 10 Numerical Procedures
Difaromces and Soms .. .. .ooooi i imai i
ToRBeplBRIEm o o s o rainrsinbsnnbbnsbssstonihrassssssbsssns
B R R A R e
Integration . . e e R
DR - o e, B T

11
1 B
10.3
1.4
103
10.6

The Center of Mass and the Tnvarables Plane. .

The Enery lutegeal and the Foree Function, . et

The Virial Theorem . ,
Traasader of the I.Iﬂﬁll thr Fr‘fﬁll'thIE Fntrl-l

L L S,

73

o BT
ciees AT
ceey 26
RATTRC R /|
Applcation to the Solar Syeberm. ..o i

e

. 280

253
283
285
it

. 2

203

The "'i-|.|||1.|.1|ﬂ.|.1 Iulngmtum wf |)|H'muhul Equh.tlrlnl “‘Itllgl"—K'll-m

L S ey e o e Sy

20



10.7  The Numserical lugegrstion of Differentinl Equm'un—.ﬂ Hulﬁnep
Method for First-Ouder Systems . .

108  The Numerical Integration of [)lﬂ'r:mtu.] Equnr.ims Eyslenu n[
Secomd-Ohder Equations . ...ooooiiaiiiiinaiiiiiiiesiinn

ﬁ

Chapter 11 Perturbations LR [ Ao AP i T 1
111 Introduction. . T P PR 4| 1
11.2 Cowll's h-l‘.rllnul .. 18
113  Endes's Mebhod....... iiceiiiiiiaisinsnnidssesiiermiiitensinsas ax
1ld  The Oscalating Orbit, .. axm
115 ThnEl]'n:l--ulSnulllnmhnmthnEhu:nu .. 323
1neE T Equ.q.l.lun foe .. AR -
1T mnmlkm%hmnnﬂ M\r Mtnlillmd

Norminl—Drag-Pertarhed Orbits EESIE ]
118 Hansen's Method . - 23l
119 The Equations in Tm:u.lofmfﬂu -uh:' - 331
1130 Sabstitutions For Small e oF .. oocovieeinmiimiisrasiiiieiimes I
1111 The Generel Approac: to the Snlutinu ul'

Lagrange's Planetary Equations ... .... ... ... o0 aar
1112 The Disturbing Finetion.. . e 350
1113 Genoral Discossbon of the Fl:ut-ﬂrdm Enluj.mn

-u{l.iu ]‘I.l.nutl.ry qu.u.ﬂ.nnl R ..
1114  Secular Pertarbations. . cisinsans PR
1118 The Motion of Bil-dlll-l" in l'.hn Flnlll ni an [“ﬂlll‘ F!JI'H"' ......... 5
116 The Coamputation of the Yarntions of the Elements .. ... ... .. e
1117 Thehtmtysplm:r R - |
1118 General Mothods . .

Chapter 12 The Motion of the Moon, .

121
122
124k
124
125
12.6
127
128
129
2in
1311

Chapter 13 The Barth and its Rotation

131
12

Introduction ... PGt

Thee Perturbatban of the Nods. .o
The Perturbation of the Inclination
The Perturbations of w sl e,

The Varetion . .

The I"nr'tu.rbn:tm uf tk ['a:iu-d u.ud the- ﬁ.nnlul: Hmu!-m :

Thie Serular Acceleration of the Moan. .......oooiiiiiiiaiana

Theorirs of the Motlon af the Moon. .. .....o00 00 b o

Frohbems ...

The Enlerian Motion of the Earth. ... .........
The Conple Exerted on te thrthhynbuf-mhﬂ-m}r

BEEEES459538 BE

B4



133  The Couples Exerted on the Basth by the Sun and Moon. ... 302
134 The Lunisobor Procesmon. « o comsiiosmirmmirimstiniirsnsnsnses 3495
I T e A A N ey R ot S N G m

Chapter 14 Tlph{ﬁnll:dihﬂd.-tm ......................... 4
141 Cassini’s Lews.. e e | |
142 "I'hnEulma.quu.tm ......................................... il
144  Other Oscillations . . e T A R A R e et o o LD
145 Problemns.. T T L 2 Ty AT E R poppm oy | | |

Appendix A P'rnp-‘tiﬂul'c“h.... 0 418
Al Geoersl Properties.. TR F S A E AR ERT e |
AR TP PR il e v A e bbb e 116
A3 ThoPamboll coccosiermmmmmritessrsssssisssspsrnisinigenetneiins 418

A5 Pole sl Pulr . ovosoooeosom oo ee e 422
Appendin B The Rotation of Axes .. ... 415

Appendix € Numerical Values .. R e ot e
Q.1 Dubtal Elements of Mlagets I . |
c2 Slklilei.ﬂﬂilll“jl[’hﬂ:llﬂﬂh e s,
ca l‘h,mxlﬂummdrrhnm SR I LRI . |
C6  The Sun ..

T [‘hnwulﬂmm
C5 Miscrlaneous Data. .

Appendiz D Miscellansous E:lpl.ls'ion.l in Series..
D1 f and p Series, . BB LN
D2  Elliptic t'rln'l.luuu b e D b R e R P i ey

5 58 %ééé

Appendix E The Solution of Linear Systems..........oco0ieee.

Appendix ¥ The Generation on the Cnmpmer of

:

Appendix G Some Orbits of Comets snd Minor Planets....... 5
Appendix H The Greek Alphabet .. ... ... WO

Appendix | Random Variables, amnd Least Squares. . ............ 4l



ki

4.1
J3
13
14
15
1.6
1.7

Appendix J MNotes on Hamﬂbnﬁllh'lmhlm ST '
. .. 4B

Ehmtagd.'l.mn,glml{ndnn:a
Hamilton's Equations. . s LA UL P S P T
[hamlﬂ'l‘ludnrmm
wunwmmmrw
Tlil.:rﬂl.mﬂm-]mh'E:F.u.lm ....................................
The Problem of Two Bodies. .

Perturbed Maotion. AR o S VR P YL e Ry

457

5588

g



	1
	2
	3
	4
	5
	6
	7

