The progress of science is generally regarded as a kind of clean, rational advance along a
straight line; in fact, it has followed a zig-zag course, at times almost more bewildering than the
evolution of political thought.
Arthur Koestler
The Sleepwalkers

Queen Ceres and the Trojans

Hi AST 111. We’re here! In this module we’ll survey asteroids - what they are like, why they
exist where they do, where meteorites come from and how they played a key role in history.

“Guaranteed to satisfy thie appetite of readers for all

RSN S Asteroids and comets might seem tiny in comparison to the
ARTHUR C Cl:ARKE . .
worlds and moons that we've been exploring. But there is
R I] ﬁ ” [ A S I [ R [] | |] S A N |] strength in numbers. The trillions of small bodies orbiting the
I] [: Sun are far more important than their small size suggests.
I] I] M S |] AY [I M HS Only a couple of topics in astronomy can alter course of
human events as much comets and asteroids have and will.

3 ; For example, popular, scary book cover on the right. We're
always reminded that we can be hit with one of these things.
There's not a whole lot we can currently do about it if a big
enough one comes in.

Comets have altered the course of human history more than
* once. For example, in the 10th century or so, our ancestors
Credit: Duncan Steel R would freak out and act upon beliefs upon seeing a comet.
THE SEARCH FOR One of the more famous ones is documented in something
THE MILLION MEGATON MENACE called the Bayeux Tapestry, part of which is shown below.
THAT THREATENS LIFE ON EARTH The Bayeux Tapestry is huge. It's dozens of meters long and
about half a meter tall. It’s hand-embroidered on linen. Wow.
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f;'. ,L? /) Halley’s comet in
the Bayeux tapestry
during its 1066 visit,
the year of the
Norman invasion.

Credit: Wikipedia
public domain



https://en.wikipedia.org/wiki/Embroidery

The Tapestry tells the of a war between England and France. Halley's Comet, shown above,
makes an appearance in scene 32 of 50 scenes. It is the first known rendition of Halley’s
Comet. Since comets were widely believed to be portrayers of doom, folks made sure doom
happened by acting on those beliefs. So Halley’s comet changed the course of human history.
Of course later we learned Halley's Comet keeps returning every 75 years or so.

Going farther back in history, asteroids and
comets impacting Earth have scarred our
planets with craters. They have altered the
course of biological evolution on this planet.
The dinosaurs disappeared probably because
a large asteroid impacted around the Gulf of
Mexico. If they weren't wiped out in the direct
impact, then all the dust going up in the
atmosphere because of the impact cools the
planets, reduces the sunlight hitting the
surface, plants life is reduced, animals that eat
plants are reduced, and animals that eat
animals are vulnerable - particularly large
animals. The survivors were smaller animals,
from which eventually we evolved.

From an astronomical point of view, asteroids
and comets are important is because they are
the remnants of birth. They are pristine material
left over from a formation of the solar system.
So if you want to learn the origins of our solar
system, you want to get your hands on this
primitive material to see what it was like when
the solar system was forming.

Credit: NASA
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So what are asteroids like? Well, the short answer is asteroids are the rocky leftovers from the
era of planet formation. This means they formed inside the frostline, inside the orbit of Jupiter.
Most of them are small, as suggested by the image above. Most are not round because they are
less than 200 kilometers in size, the minimum needed so there is enough gravity to started
bending the rock into a sphere. Despite their ginormous numbers, their total mass is less than
any terrestrial planet.

We've actually landed on asteroids! Two of them. The Near Earth Asteroid Rendezvous mission
soft landed on Eros in 2001 and the Hayabusa mission landed on ltokawa in 2005.

152,942 asteroids on 01Jan2006.
The asteroids are much smaller
than shown.
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The image above shows the positions of the asteroids. Some 150,000 on January 1, 2006.
Presently there are over 600,000 asteroids known. Of course the asteroids shown are much,
much smaller than the 1 pixel size shown above. So the density of the asteroids shown above is



an illusion. But you see the main asteroid belt orbiting inside Jupiter. Note the number interior to
Earth’s orbit. Ceres is the largest asteroid. It is so large that its actually classified as a dwarf
planet! it contains about 1/3 of the mass of the entire asteroid belt. It is too dim to see with the
naked eye, except maybe under extremely dark skies. the Dawn mission entered orbit around
Ceres in March 2015 and is revealing some new mysteries about the Ceres.

Notice the “Trojan” and “Greek” asteroids. They are a group of asteroids that share the orbit of
the planet Jupiter around the Sun. They are there because these two locations offer islands of
stable orbits for small bodies like asteroids as Jupiter orbits about the Sun. Asteroids in the
group ahead of Jupiter group are named after Greek heroes and those behind named after the
heroes of Troy. The long-term stability of the Trojan and Greek asteroids is an open science
question.

So there you have a bit about Queen Ceres and the Trojans.

Gaps occur where asteroid would have periods that are simple

fractions of Jupiter’s 12 year orbital period.
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So why is there an asteroid belt? Because a planet could not form there. Orbital resonances
with Jupiter disrupted a lot of the orbits of the planetesimals in this region, preventing them from
forming into a planet. The asteroid belt as a zone of frustrated planet formation! Many of the
asteroids, over time, have been ejected. But some have remained and make up what is left of



the asteroid belt today. The plots above shows the number of asteroids as a function of distance
from the Sun in AU. You can see that the asteroids are not uniformly spread out within the
asteroid belt. There are gaps in the distribution for exactly the same reason there are gaps in
Saturn’s rings: orbital resonances. For asteroids, orbital resonances with Jupiter. Any object that
has an integer multiple of orbits with respect to Jupiter’s orbit will get a persistent repeated
nudge by gravity. This nudging eventually clears gaps in the asteroid belt just as it does the
rings of Saturn.

Credit: http://www.meteorites.com.au/found.html

Credit: Dr. Matthew Genge
http://www.imperial.ac.uk/people/m.genge/research.html

Primitive meteorites are valued because they are true remnants from the solar nebula. The
primordial stuff. Some contain intermixed rock and metal flakes, such as the image above left.
Some are rich in carbon compound nuggets as shown in the above right image.

~ Credit:UIster Museum
http://www.nmni.com/um/What-s-on/Permanent-

Credit: http://www.meteorites.com.au/found.html
Displays/Origins--The-early-Solar-System

Processed meteorites are fragments of worlds or larger asteroids that got broken apart. They
can be metallic, such as the above left image, as though they came from a planet core. They
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can be rocky, as though they came from a collision with the outer part of a planet. Processed
meteorites played key role in human history by enabling the transition from the Bronze Age to
the Iron Age. Why? Because processed meteorites offered the most accessible forms of metallic
iron on Earth's surface. The image below left is Bronze Age tools. As people started to ind
enough iron on the surface, largely through meteorites, they fashioned the early Iron Age tools
shown below right. Of course, later we learned how to mine iron ore and smelt out the iron to
make more stulff.
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Meteorite collisions with Earth still happen. In the image below left is an example from 2006. As
Colby Navarro was working on the computer when a meteorite crashed through the roof,
obliterated the printer, banged off a wall, and came to rest near a filing cabinet.

Larger meteorites have hit in the past few thousand years. The Cape York meteorite landed
about 10,000 years ago and is the largest iron meteorite in the world. The chunk of it called
Ahnighito weighs some 30 tons and is shown below in its home at the American Museum of
History in New York. Much bigger than the one that went through the roof Chicago! So
meteorites do come in. They will continue to come in.

Thanks. Bye bye.
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