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Opening Discussion
● Have you seen anything interesting in the 

news?



  

Meteorites
● The fact that meteors are space debris 

streaking through the atmosphere and that 
meteorites are rocks from space hasn't been 
accepted all that long.

● We now know that meteorites are indeed 
fragments on asteroids that have run into the 
Earth and were big enough to survive the 
passage through the atmosphere.  These 
objects help tell us a lot about the early 
composition because many of them are made 
from the same stuff that originally accreted in 
the early Solar System.  All of these can be 
identified by higher levels of materials rare on 
Earth.



  

Types of Meteorites
● Meteorites come in two primary types with two 

subtypes for each.
● Primitive meteorites (chondrites) date from 4.6 billion 

years ago and clearly have different components that 
are stuck together in some matrix.  They are either a 
stony with metal flakes or have a significant 
carbonatious component.

● Processed meteorites look much like crust, mantle, or 
core of a planet.  They likely came from larger asteroids 
that had differentiated and were broken apart.



  

Non-Asteroid Meteorites
● Some meteorites don't have the composition of 

asteroids.  Instead, they have the composition 
of the Moon or Mars.  Likely these were ejected 
from those bodies in impacts and later struck 
the Earth.

● At the end of the semester we will talk about 
some particular meteorites that have a 
composition matching Mars that have created a 
fair bit of debate.



  

Comets
● Historically, comets have been known as bright 

objects in the sky with no real link to space.  
Edmund Halley became famous for realizing 
that several sightings were actually of one 
comet and predicted it would return 76 years 
after it's last appearance.  The return of Halley 
sealed the fact that comets are bodies that orbit 
the Sun.

● Comets are really just large balls of ice and 
dust.  When they come in close to the Sun the 
ices sublimate and throw up dust making them 
much more visible.  Most comets are far from 
the Sun and look like nothing more than balls of 
ice.



  

A Tale of Two Tails
● The comet itself is 

really a small core that 
we rarely see.  When it 
comes close to the 
Sun the sublimation 
produces a larger 
coma.

● Dusty material in the 
coma is pushed by by 
radiation pressure. 
(dust tail)

● Gases in the coma are 
ionized and are swept 
back by the solar wind. 
(plasma tail)



  

Life of a Comet



  

Origins of Comets
● Imagine the early outer Solar System.  

Beginning around the frost line there are a vast 
number of small icy bodies orbiting the Sun and 
occasionally colliding.  Some wind up going into 
the formation of the Jovian planets.  Even after 
those planets form though, a large number of 
bodies are left behind.

● These bodies interact with the Jovian planets, 
often in close encounters.  Passing close to a 
giant planet throws these objects into very 
different orbits, sometimes completely out of the 
Solar System.



  

Dynamical Friction and Planet 
Migration

● Our current understanding of how the outer 
planets formed is more complex than we talked 
about previously.  Accretion can't build 
Neptune, or even Uranus, in 4.5 billion years 
with the density of material that should have 
been present.  Most likely those planets formed 
closer to the Sun and moved outward.

● When a large body moves through smaller 
bodies a number of things happen.  Dynamical 
friction/equipartition of energy tends to 
circularize the orbit of the large body while 
putting the small bodies onto more eccentric 
orbits.



  

More Migration
● There is rather strong evidence the Neptune 

actually formed well inside of its current orbit 
and migrated outward.  This outward migration 
was caused by throwing more small objects in 
toward the Sun than it threw away from the 
Sun.

● The reason for the difference is that objects 
thrown in toward the Sun were likely to have a 
close encounter with Jupiter or Saturn and be 
removed from the system.  Those thrown out 
returned for another encounter later.

● This same process also likely led to Jupiter 
migrating in.



  

Kuiper Belt
Comets actually come from two sources.  One source is a flat 

distribution beyond the orbit of Neptune called the Kuiper belt.  These 
never passed very close to a planet.  The Kuiper belt extends out to 
~100 AU and likely contains ~100,000 comets 100 km across and a 
billion comets 10 km across.

Evidence for the migration of Neptune comes from the fact that many of 
these bodies are trapped in resonances with Neptune.  The lack of 
asteroids in the asteroid belt is likely evidence that Jupiter migrated 
inward as well.



  

Oort Cloud
● The small icy bodies that did pass close to 

planets (and helped to move the Jovian planets 
to where they are today) generally didn't stay in 
the plane of the Solar System.  Instead, they 
were thrown in random directions on extremely 
high eccentricity orbits.  Some were even put on 
unbound orbits.

● The ones that stayed bound orbit our Sun in the 
Oort cloud.  Their orbits extend out to 50,000 
AU where they can even be perturbed by other 
stars passing by.  There are likely 1012 comets 
in the Oort cloud.



  

Minute Essay
● Why don't we ever get meteorites from comets 

to tell us about their composition?
● Quiz #6 is next class.


