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 Ancient astronomers believed the Earth to be at the center
of the universe

« They invented a complex system of epicycles and deferents
to explain the direct and retrograde motions of the planets

on the celestial sphere

Merry-go-round rotates clockwise Celestial sphere rotates to the west
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Wooden horses fixed on merry-go-round Stars fixed on celestial sphere

(a) A rotating merry-go-round (b) The Greek geocentric model



Merry-go-round rotates clockwise

A rotating
merry-go-round

Wooden horses fixed on merry-go-round



Celestial sphere rotates to the west

The Greek
geocentric model

Stars fixed on celestial sphere
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Planet moves
rapidly eastward
along epicycle

Epicycle moves
slowly eastward
along deferent

As seen from Earth,
planet moves
eastward

(direct motion)
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As seen from Earth,
planet moves
westward
(retrograde motion)










A planet’s synodic period is measured with respect
to the Earth and the Sun (for example, from one
opposition to the next)
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table L-2 | Average Distances of the Planets from the Sun

Planet Copernican value (AU*) Modern value (AU)
Mercury 0.38 0.39
Venus 0.72 0.72
Earth 1.00 1.00
Mars 1.52 152
Jupiter 322 5.20
Saturn 9.07 9355
Uranus — 19.19
Neptune — 30.07
Pluto — 39.54
*1 AU = 1 astronomical unit = average distance from the Earth to the Sun.




table 4-1 | Synodic and Sidereal Periods of the Planets

Planet Synodic period Sidereal period
Mercury 116 days 88 days
Venus 584 days 225 days
Earth — 1.0 year
Mars 780 days 1.9 years
Jupiter 399 days 11.9 years
Saturn 378 days 29.5 years
Uranus 370 days 84.1 years
Neptune 368 days 164.9 years
Pluto 367 days 248.6 years
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Kepler’'s First Law

Major axis

Semimajor axis Semimajor axis




Major axis

Semimajor axis Semimajor axis




C Sun at one focus
® of elliptical orbit

Perihelion—@ ‘ Aphelion @

p @ _  Planet sweeps out equal areas
“.in equal time intervals '




table -3 | A Demonstration of Kepler’s Third Law (P? = a3)

Sidereal period Semimajor axis

Planet P (years) a (AU) P> a’
Mercury 0.24 0.39 0.06 0.06
Venus 0.61 0.72 0.37 0.37
Earth 1.00 1.00 1.00 1.00
Mars 1.88 122 3.53 .51
Jupiter 11.86 5.20 140.7 140.6
Saturn 29.46 9.55 867.9 871.0
Uranus 84.10 19.19 T 72 7,067
Neptune 164.86 30.07 27,180 27,190
Pluto 248.60 39.54 61,800 61,820
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There is a correlation between the phases of Venus and
the planet’s angular distance from the Sun
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Newton’s description of gravity accounts for Kepler’s
laws and explains the motions of the planets and
other orbiting bodies

To make a ball move ata To make the same ball move
high speed in a small circle at a low speed in a large circle
requires a strong pull. requires only a weak pull.

To make a planet move at a high To make the same planet move ata
speed in a small orbit requiresa @ low speed in a larger orbit requires
strong gravitational force. only a weak gravitational force.







Orbits may be any of a family of curves
called conic sections

Hyperbola

Parabola

Circle Ellipse Parabola Hyperbola







NGC 2207

IC 2163
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by tidal forces from NGC 2207







