For the first time in my life | saw the horizon as a curved line. It was accentuated by a thin seam
of dark blue light - our atmosphere. Obviously this was not the ocean of air | had been told it
was so many times in my life. | was terrified by its fragile appearance.

Ulf Merbold, Astronaut

Waltz of the Planets

Hi AST 111. In this module we’ll begin our journey into our origins - looking at how our solar
system was formed. What we’ll do is lay out four challenges that we would like any theory of
solar system formation to address.
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If you came zooming in from outer space and looked at our solar system for the first time, like in
the illustration above, perhaps the first thing you would notice is that all the planets orbit in the
same direction. It's not one going one way, one going the other way. They all orbit in the same
direction.

Not only that, you’d notice most of the planets rotate in the same direction that they orbit -
counter-clockwise when viewed above the North Pole. All planets rotate in the same direction.
The Sun spins in the same direction as it rotates. All the planets -- generally, not all of them, but
most of them -- rotate in the same direction. There is a great deal of order here!

Yet there's even more order. Aimost all of the planets generally orbit in the same plane - the
ecliptic. They all orbit in nearly circular orbits. They're ellipses, but close to circles. And they
have a spacing that kind of increases regularly as you go on further out from the Sun

Most of the planets also have relatively small tilts. Generally within about 25 degrees of vertical.
There's one big exception to that, which is Uranus, which is tilted all the way over on its side.

So the first question that we would like any theory of solar system formation to answer is, why
are the motions in the solar system generally so orderly? What causes all this order?

Can you categorize the planets into different groups? You bet. In general the planets divide
themselves really neatly into two categories. You have the terrestrial planets and the Jovian
planets. Terrestrials are smaller in size and mass. They have higher densities, either mainly
composed of rocks and metals. They have solid surfaces. They are closer to the sun and closer
together. They have warmer surfaces, and they don't have any rings at all, and very few moons.

Whereas the Jovian planets, the outer planets, are large in size and mass. They have low
density. They're basically made out of light gases. They have no solid surface. They're farther
from the sun, further apart. They have cooler cloud tops. And all of them have rings, and they
have many, many moons around them.

Terrestrial Jovian
Smaller size and mass Larger size and mass
Higher density (rocks, metals) Lower density (light gases)
Solid surface No solid surface
Closer to Sun (and closer together) Further from Sun (and further apart)
Warmer surfaces Cooler cloud tops
Few if any moons and no rings Many moons and all have rings

Question number two for any theory of solar system formation is why do the inner and outer
planets divide so neatly into two classes?
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No theory of solar system formation would be complete without addressing the most numerous
objects, trillions of objects, within our solar system. These are the asteroids and the comets.

Asteroids are small, rocky bodies that orbit the sun, generally between the orbit of Mars and
Jupiter, and primarily in what we call the asteroid belt. Their orbits generally close to the plane of
the planetary orbits. Some of them have quite elliptical orbits, in other words, have largest
eccentricities. There's about 500,000 asteroids known. The image above shows a few of them.
The largest asteroids have a radius of about 200 kilometers or so - Ceres, for example - which
like Pluto is classified as a dwarf planet!



You need to get about 200 kilometers in size before there's enough gravity to overcome the
strength of rock to turn the object into a sphere. Most asteroids are well below 200 kilometers,
they're not spherical.

Comets are icy bodies. When they enter the inner solar system on a journay around the Sun
they generally show two tails. A yellow-white tail, which is the dust and the gas. A blue tail called
the plasma tail. Comets generally in from two regions, the Kuiper belt and the Oort cloud as
shown in the image above.Oort, oort, oort, oort!

The Kuiper belt begins out around Neptune and it extends out to well beyond where Pluto is.
Another word for the Kuiper belt objects is trans-Newtonian objects, beyond the orbit of
Neptune. Trans-Newtonian, Kuiper belt, same thing. And these orbits generally lie, like the
planets, in the ecliptic plane. They also generally orbit in the same direction as planets.

The other huge reservoir of comets resides out in what is called the Oort cloud. The Oort cloud
extends iwell beyond 100 AU, extending out to about halfway to the distance to the nearest star.
The nearest star is about 4.3 light years away, Alpha Centauri. So comets extend out at least
about a light year or so. These comets have orbits that are random inclinations relative to the
solar system. They're not in the ecliptic plane. They're some random orientation. They have
random orbital directions. They have random eccentricities. They’re just kind of all over the
place, roughly in a spherical cloud.

This gives challenge number three for our theory of solar system formation. Why there are large
number of asteroids and comets and why do they reside in different locations?

Finally, there are a bunch of unusual, exceptional cases amongst all this order. Mercury and
Pluto have pretty largely eccentricities. Venus rotates backwards, clockwise, rather than
counter-clockwise. The rotational axes of Uranus and Pluto are substantially tilted. The image
above shows the seasons on Uranus because it's tipped all the over on its side. For about one
third of its orbit, the North Pole is pointed away from the sun, so the day and the season are one
in the same on Uranus, because it's tipped over almost 90 degrees.
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Other exceptions include that most of the Jovian moons orbit in the same orientation as the

planets' rotation, but a few orbit in opposite directions. A couple of the planets, like Earth, have
relatively large moons.

And so question number four for any theory fo solar system formation is the catchall category.:
Why are there exceptions to the general rules?

To recap:

Feature #1: The Sun, planets, and moons generally rotate and orbit in the same way.
Feature #2: The eight planets cleanly divide into two groups, terrestrial and jovian.
Feature #3: Our solar system contains a huge number of asteroids and comets.
Feature #4: There are notable exceptions to the general patterns.

Thanks. Bye Bye.



