SPACE ROCKS!  

ASTEROIDS IN THE SOLAR NEIGHBORHOOD

What are “Asteroids?”
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Figure 1. Near Earth Asteroid Orbit Types
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Asteroids or “star-like”, from the Arabic aster,  are “leftover, planetesimal bodies” from the formation of the Solar System.  Locked in orbit about the sun, they tumble at great distances from each other in a belt between Mars and Jupiter.  They exist as chunks of rock that never organized, were never bound, and never became a very small singular planet. If a planet had formed, it would have been much smaller than the moon.  Those that fall and enter Earth's atmosphere are called meteorites.  Most meteorites are just bits of asteroids, remnants of ancient collisions, and have been dated to the beginning of 
                                                     the Solar  System over 4.6 billion years ago.  
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Asteroids are so small that they are mostly undetectable to the human eye.  In fact the first asteroid, Ceres, 
wasn’t discovered until almost 200 
years after the invention of the celestial telescope, January 1, 1801, by Guiseppe Piazzi.  It took 50 more years for the next ten asteroids to be found.  Today many advanced telescopes can discover more than that number in one night.  In fact more than 150,000 asteroids have been catalogued.
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Asteroid Sizes

Large planet killing asteroids are actually rare. According to NASA, there are only about 200  asteroids in the solar system greater than 100 km in diameter, compared to smaller asteroids, totaling about 750, 000 with diameters about 1 km in diameter and millions that are smaller than that.   The smallest space rocks that are 100 meters or less in diameter are called meteoroids.  
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Assessing Asteroid/Comet Impact Predictions

The likelihood of collision is zero, or is so low as to be effectively zero.
Also applies to small objects such as meteors and bolides that burn up in the
atmosphere as well as infrequent meteorite falls that rarely cause damage.

A discovery, which may become routine with expanded searches, of an object
making a somewhat close but not highly unusual pass near the Earth. While
meriting attention by astronomers, there is no cause for public attention or public
concern as an actual collision is very unlikely. New telescopic observations very
likely will lead to re-assignment to Level 0.

A close encounter, meriting attention by astronomers. Current calculations

give a 1% or greater chance of collision capable of localized destruction.

Most likely, new telescopic observations will lead to re-assignment to Level 0.
Attention by the public and by public officials is merited if the encounter is

less than a decade away.

A close encounter, meriting attention by astronomers. Current calculations

give a 1% or greater chance of collision capable of regional devastation.

Most likely, new telescopic observations will lead to re-assignment to Level 0.
Attention by the public and by public officials is merited if the encounter is

less than a decade away.

A close encounter posing a serious, but still uncertain threat of regional
devastation. Critical attention by astronomers is needed to determine
conclusively whether or not a collision will occur. If the encounter is less than

a decade away, governmental contingency planning may be warranted.

A close encounter by a large object posing a serious. but still uncertain threat of
a global catastrophe. Critical attention by astronomers is needed to determine
conclusively whether or not a collision will occur. If the encounter is less than
three decades away, governmental contingency planning may be warranted.

A very close encounter by a large object, which if occurring this century, poses
an unprecedented but still uncertain threat of a global catastrophe. For such a
threat in this century, international contingency planning is warranted, especially
to determine urgently and conclusively whether or not a collision will occur.

A collision is certain, capable of causing localized destruction for an impact over
land or possibly a tsunami if close offshore. Such events occur on average
between once per 50 years and once per several 1000 years.

Meriting Attention
by Astronomers

Threatening

A collision is certain, capable of causing unprecedented regional devastation for
a land impact or the threat of a major tsunami for an ocean impact. Such events
occur on average between once per 10,000 years and once per 100,000 years.

Certain
isions

Coll

A collision is certain, capable of causing a global climatic catastrophe that may
threaten the future of civilization as we know it, whether impacting land or
ocean. Such events occur on average once per 100,000 years, or less often.

Fig. 2. Public description for the Torino Scale, revised from Binzel (2000) to better
describe the attention or response that is merited for each category.
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The largest asteroid is Ceres, at just under 1000 km in diameter.   Ceres is massive enough for its gravity to shape it into a sphere and it is the only asteroid to have been reclassified as a “dwarf planet” by the IAU in 2006. Ceres actually comprises about one-third the mass of ALL the asteroids.  Most of these asteroids are highly irregular in shape.  This would account for the rugged, jagged shape of light curves from slowly rotating asteroids.  If all the asteroids were placed together into one object, its diameter would be less than 2000 km, about half the diameter of our Moon.

Where are asteroids located in our Solar System?

The majority of asteroids are located in the “asteroid belt,” a region of space between the orbits of Mars and Jupiter.  It is the only place in the Solar System where rocky planetesimals could survive for billions of years.  Other inner Solar System rocky planetesimals were accreted into the four terrestrial planets.  But at this location the perturbing gravitational influence of Jupiter prevented the asteroids from accreting into a fifth terrestrial planet.  The Trojan asteroids are located in Jupiter’s orbit at the stable Lagrangian points L4 and L5 some 60o ahead and behind Jupiter

Because of gravitational encounters with other asteroids or Jupiter, some asteroids have highly eccentric orbits that take them from the asteroid belt through the inner Solar System.  Those asteroids that cross Mars’ orbit are called Amor asteroids, and those asteroids that cross Earth’s orbit are called Apollo or Aten asteroids.  


Classification based on Composition

Asteroids may also be classified by their appearance in context of how they are imaged for research:

C-type: Dark carbonaceous objects - 75% of asteroids

S-type: Brighter silicaceous (stony) objects – 17% of asteroids

X or M-type: Primarily high composition of metals (iron or nickel) with varying albedos – 8% 
                       of asteroids

As research targets, their spectral brightness and composition provide valuable clues to the origin of the universe:
	
	% of Population
	Brightness
	Albedo
	Composition
	Class
	Class Name
	Detection Methods

	Hot
	8
	brightest
	.10 - .18
	Fe-Ni
	M
	Metallic
	Visual, IR

	Warm
	17
	Medium bright
	.10 - .22
	Fe-Ni & magnesium silcates
	S
	Silicaceous
	Visual, IR

	Cold
	75
	dark
	.

03
	early solar system materials & presolar grains
	C
	Carbonaceous
	IR


Sorting by Threat Level:  PHA's
According to the JPL website in July 2008, there are 964 known potentially hazardous asteroids or PHA's that have a probability of approaching earth's orbit within 0.05 AU and potentially colliding with Earth.  Earth's orbit has a gravitational "keyhole" no more than 400 m across and when an asteroid pass through the keyhole, it perturbs the orbit and sets it up for a very close pass or a collision on the next orbital pass.
1. Earth-Crossing-  When the orbit of an asteroid has been perturbed by Earth's gravity and will be perturbed so that it may potentially pass close to or collide with the planet. 
2. Earth-Crossers-  A special group of Apollo asteroids with orbits that cross earth's.  A significant number of these will hit earth.
3. Near Earth Object- an asteroid approaches but does not cross the section of Earth's orbit that would perturb it to orbit too close or collide with the planet.
Asteroid 99942 Apophis will be doing a close flyby in Earth in 2029 and although it has been found to be unlikely, there is a possibility that it may orbit through Earth's gravitational keyhole at that time and upon returning in 2036, Apophis would collide with Earth.  The asteroid is 320 m in diameter and is not a planet killer, but it would do severe local damage.  The next observing opportunity is in 2013 and the probability of going through the gravitational keyhole will be better assessed then.

The Torino Impact Hazard Scale

Misconceptions

· Shooting stars . . .  are dust particles burning up in the upper atmosphere.

· Asteroids in the Main Asteroid Belt . . . are spaced a million square kilometers apart, the area of a small country on earth, unlike the movies or video games.

· Odds of an asteroid hitting the earth . . . are 1/ 1000  to 1/5000.
· Odds of a catastrophic asteroids hitting the earth slim.
· Asteroids aren't the remains of a former planet after a collision . . . because there isn't enough total mass to even recombine into a moon.
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Image 4: Ceres.





Image 1:  Matilde  (NASA/ JPL)





Image 2:  Ida  (NASA/ JPL)





Image 3:    Gaspra  (NASA/ JPL)





Image 6:  Illustration of Asteroid 99942 
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