4

Contents
7 Introduction 6
The Story

10
11
12

13
14
15
16
17
18
20
21
22
24
25
26
27
28
29
30

31
32

33
34

Uranus and Neptune

The ancient planets

Herschel

The discovery of Uranus, 1781
Uranus pre-discovery

The naming of Uranus

The puzzle of Uranus

The quest for a second new planet
The discovery of Neptune, 1846
The credit for Neptune

Neptune before discovery

After Neptune’s discovery

Pluto’s discovery, 1930

Pluto’s name

Not the predicted planet

The first of a new family?
Transneptunian Cubey-One

More transneptunians, and larger
The apple of discord

Sizes

The demotion controversy

Ten thousand

And yet

Spacing of the orbits; the Titius-Bode Law
Pioneers and Voyagers to the outer giants
New Horizons to Pluto

Missives into the Galaxy

Uranus’s moderate orbit

Neptune’s circular yet wavy orbit

Neptune’s speed, oppositions, inclination, and nodes
Retrograde paths and fivefold conjunctions
Geocentric motion

Occultations by the Sun

How Uranus and Neptune appear to eye and telescope
Uranus’s more-than-sidewise rotation

Seasons on Uranus

Neptune’s rotation

Clusters of Uranus events

Uranus by Moonlight

Neptune by Moonlight

AQUARIUS

iptic im
PYI CAPRICORNUS




35 Satellites and rings of Uranus
Satellites and rings of Neptune
36 Progress of Uranus and Neptune around the sphere
37 Uranus vibrating between north and south
38 Neptune’s fivefold waverings across the equator
39 Neptune not so far north and south
Conjunctions with other planets
40 Uranus-Neptune conjunctions
42 The ice giants
43 Geocentric looping
44  Pluto
Eccentric and inclined
Pluto’s visibility
45 Pluto’s course
Pluto’s future travels
46 The Neptune-Pluto standoff
47 Plutinos
48 Pluto’s much-more-than-sidewise rotation
50 Pluto’s family
Grim ferryman
51 The Pluto-Charon embrace
52 Pluto’s painted deserts
53 Seasons in the world of Hades
54  Charts

Long-term chart for Uranus and Neptune
Long-term chart for Pluto

Charts for Uranus and Neptune 54
56 Charts—Uranus
60 Charts—Neptune
62 Charts—Pluto
65 Oligarchs and Plutocrats
Voyages down to Pluto 66

66 Satellite orbits

70  Glossary

72 Tables
Some sizes and distances
73 Oppositions



