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“Dear Stan, … I wondered how much progress
  you have made on your monograph?”

“Dear Stan, … do you have any idea how much
  longer it will take to finish your monograph?”

“Dear Stan, … I am retiring soon.  Is there any
  chance that you can finish your monograph?”

(paraphrasing)

Origin

c.1975

Monographs published 
by Adams Hilger (IoP)



Origin

Our definition of solar system dynamics:

“The application of the techniques of celestial mechanics to solve 
real problems in planetary science”



Guiding Principles

• “Write about what you know”

• “Don’t write the text-book until you have given the lecture 
course”

• Write a book that we would have like to have read when we 
were starting out as researchers

• Write to convey understanding

• Write a book that is as self-contained as possible



Evolution

• Work started in 1982 before Carl left Cornell

• Annual visits to Ithaca (then Gainesville) and London

• Exchange of material by mail, FAX and email

• Working drafts of the book used at QM and UF

• Submitted to CUP in 1997
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1 The Poincaré surface of section 413
2 Regular orbits 415
3 Chaotic orbits 417
4 The Lyapounov characteristic exponent 418

9.4 Chaos in the circular restricted problem 420
9.5 Algebraic mappings 428

1 The standard map 428
2 Resonance maps 431
3 Encounter maps 436
4 N -body maps 440

9.6 Separatrices and resonance overlap 448
9.7 The rotation of Hyperion 452
9.8 The Kirkwood gaps 456

ix

1 Resonant structure of the asteroid belt 457
2 The 3:1 resonance 460
3 Other resonances 465

9.9 The Neptune-Pluto system 466
9.10 The stability of the solar system 469

Exercise questions 9 471

10 Planetary Rings 474
10.1 Introduction 474
10.2 Planetary ring systems 475

1 The rings of Jupiter 476
2 The rings of Saturn 478
3 The rings of Uranus 479
4 The rings of Neptune 481
5 Rings and satellites 481

10.3 Resonances in rings 481
1 Perturbations in semi-major axis and corotation resonances 482
2 Perturbations in eccentricity and Lindblad resonances 485
3 Perturbations in inclination and vertical resonances 489
4 Locations of resonances 490

10.4 Density waves and bending waves 492
10.5 Narrow rings and sharp edges 495

1 Spreading timescales 495
2 Localised effects of satellite perturbations 498
3 Shepherding satellites and radial confinement 504
4 Eccentric and inclined rings 506
5 Embedded satellites and horseshoe orbits 510

10.6 The Encke gap and Pan 512
10.7 The F ring of Saturn 515
10.8 The Adams ring of Neptune 518
10.9 The evolution of rings 520
10.10 The Earth’s dust ring 522

Exercise questions 10 524

A Appendix – Solar System Data 526
A.1 Introduction 526
A.2 Astronomical constants 526
A.3 Julian date 527
A.4 Orbital elements of the planets and their variation 528
A.5 Planets, satellites and rings 530
A.6 Asteroids, Centaurs, trans-neptunian objects and comets 535

B Appendix – Expansion of the Disturbing Function 539

x

B.1 Introduction 539

References 557
Index 575

• 8.9 The 2:1 
resonance

• 8.12 Resonant 
encounters

• 8.20 Pulsar planets

• 9.3 Regular and 
chaotic orbits

• 9.4 Algebraic 
mappings

• 10.3 Resonances in 
rings

• 10.7 The F ring of  
Saturn

• 10.10 The Earth’s dust 
ring

• Appendix B – 
Expansion of the 
Disturbing 
Function



Nature 312, 505 (1984)

Impediments

Nature 319, 115 (1986)

Nature 374, 238 (1995)

Proper Elements

Secular Perturbations



“Dermott’s Law”

“A satellite in synchronous rotation
keeps the same face pointed towards
the empty focus of its orbit.”

Guiding Centre Approximation (Fig. 2.10)

• Stan discovered this empirically while a 
postdoc at Newcastle University (mid-1970s)

• Independently discovered by Danby (1988) in 
2nd edition of his book (problem on p.136)



Exercise Questions
Good News:
Typeset solutions for all problem questions exist!

Bad News:
They are in Norwegian!

The work was done in 2000 by Øystein
Olsen, graduate student of Kaare Aksnes

Credit: Øystein Olsen



Miscellaneous

Ivan Shevchenko, 2009

Russian Translation
Celebrity Endorsement

“… an amazing text-book – a bible for anyone entering 
the world of dynamical studies of Solar System bodies.”

Brian May, 2008

Credit:  Ashley Espy Kehoe



Future

• Material is being added to the SSD website at 
solarsystemdynamics.info 

• At their last meeting in January 2024 Stan and Carl discussed plans 
for possible second edition

• Tentative plans to include von Zeipel-Kozai-Lidov mechanism, PPN, + 
…(?) in second edition plus new chapter on drag forces and 
completely revised rings chapter

• No plans to include dynamics specific to exoplanetary systems

http://solarsystemdynamics.info
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