
6.4 Formation of the solar system

6.4.1 Facts of the solar system

Surprisingly, we know much less about the formation of the solar system than about the formation of ele-
ments. Thereisn’t much hard facts-but there are lots ofinteresting theories (or unsatisfying models).

To summarize the present solar system
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1) The sun is an average main sequence star = 70% h, 28% he

2)There are 4 "terrestrial planets" and the moon with densities greater than 3 gm/cm3. These are "rocky"
planets - presumably mostly Fe, Si, O and other "heavier" elements.

3) The asteroids are between Mars and Jupiter - a large (˜2000) group of minor planets.The largest of
Ceres (760 km diameter). These are thought to be the source of metoerites

4) The outer planets - Jupiter, Saturn, Uranus, Neptune, Pluto aremuch further from the sun and much less
dense (<2 gm/cm3), but much more massive than the terretrial ones.
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6.4.2 Constraints based on the facts of the solar system

What constraints does all this put on the formation of the solar system?

A. The planet’s obrits are in a common plane, close to the sun’s equatorial plane, so most of the rotational
motion is in one plane and has a common axis.

B. Planetary orbits are nearly circular. This plus A. suggest that the solar system has a common origin
rather than a random collection of objects captured by the sun.

C. The inner (terrestrial) and outer (major) planets are two distinct groups based on distance from the sun,
mass and density (thus, composition).

6.4.3 Current theory on the formation of the solar system

Nebular theories - a gas cloud contracts gravitationally. As it contracts the angular momentum is conserved
so it spins faster.

Idea - material thrown off at outside to form rings - later condense to planets.

Assume gas cloud - contracts due to the gravitation; is opposed by the gas pressure.As the nebula (proto-
star) contracts energy is released, which causes the nebula to heat up.The spherical nebula is becoming a
disck due to its rotation which combines with gravity to produce a force directed toward the median plane.
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The result would be a protosun with a disk outside it - several possible mechanisms.

This creates a tendency for particles to be drawn by gravity to the midplane.The disk is a turbulent region
so that angular momentum can be easily transferred away from the protosun.

In the disk, material starts to clump into PLANETISMALS, which grow through gravitational attraction
and collisions - lots of different models here - eventually forming planets.The form of this accretion is
important and controversial.

At some point in this processes the sun became fully active - early in this processes it went through what is
called aT-TAURI stage (by analogy to other stars) in which a strong gas ‘wind’ away from the sun carried
aw ay the nebula except for the planetismals.

This is still a major research area - the problem is how to formulate new constraints. Thebest such are
samples of the early history...
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