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Various asteroids at the same scale
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Asteroids are unlikely to be fragmented 
planets because 

1. the combined mass of all the asteroids is 
insufficient

2. asteroid orbits are not near the ecliptic
3. asteroids are typically only a few kilometers across
4. asteroids can have different colors
5. asteroids are composed of different materials than 

planets
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Asteroid sizes determined by coordinated 
observations of “stellar eclipses”



Asteroid sizes determined by coordinated 
observations of “stellar eclipses”



Getting to an asteroid is challenging?



Very small asteroids are “meteoroids”
• Typically not identified while in orbit around the Sun
• Entering Earth’s atmosphere at ~ 30 km/s, they heat due 

to friction and glow very brightly but very briefly
• These shooting stars are properly called “meteors”
• Most are essentially grains of sand and vaporize rapidly
• Pieces that survive to the surface are called “meteorites”
• Basic types of meteorites:

– Metallic
– Stony 
– Combination
– Carbonaceous Chondrites



Figure 12.12a



Figure 12.12b

Widmanstätten patterns formed when 
liquid metal cools at 10-100°C per 
million years from original temperatures 
of several thousand degrees



Why are some meteorites metallic while 
others are rocky?

1. In the early solar nebula, matter accumulated 
according to how similar the elements were, so 
metals like iron and nickel collected in one region 
while rocky elements made of silicates (silicon-
based molecules) collected elsewhere

2. In the early solar nebula, different elements formed 
into solids at different times because of the 
temperatures required for them to cool sufficiently.

3. All elements present came together into large 
bodies, but the heat of their formation caused 
elements to separate according to density
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Differentiation



Meteorite classification originates in breakup of differentiated asteroid



On a given day, when is one likely to see 
the most "shooting stars" (meteors)?

a. dawn
b. morning
c. afternoon
d. dusk
e. before midnight
f. after midnight
g. it doesn't depend on the time of day

*tip: think about the Earth’s path through space
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Which of the following could cause a 
meteor shower?

a. A meteoroid hits a cloud in the atmosphere, and 
creates a thunderstorm.

b. Earth crosses the debris-filled orbit of a comet.
c. Asteroids in the same orbit as the Earth.
d. A small constellation of dying stars disintegrates.
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Composite image of meteors from the Geminid meteor shower of 2007 - Erno Berkó. 



Table 12.1
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Comets
• Similar objects to asteroids, except formed beyond the 

“frost line” where sunlight is weak and ice can persist
• Basic structure

– Nucleus:  loose, dirty iceberg ~ 0.1-100 km across
– Coma: thin ice & dust envelope around surface, can 

grow as large as a planet or even the Sun!
– Tails: escaping dust & gas stretching up to 4 AU!

• Comets are classified by their orbital periods 
– “short” (100’s of years)  
– “long” (10,000’s of years)

• Period corresponds to origin and recent location



The “Frost Line” or “Snow Line”
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The tail of a comet is generally directed

a. away from the Sun because of the solar wind and 
radiation pressure

b. opposite the direction of motion as the comet passes 
through interplanetary matter

c. toward the Sun because of the Sun's gravitational force
d. along the comet's magnetic field lines 
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Comet Churyumov–Gerasimenko
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Comet Churyumov–Gerasimenko

Philae lander

(not to scale!)



Philae landing – artist’s impression



Philae found!



THE KUIPER BELT (about 2 million comets, 20-50 AU)



Long-period comets have orbits that are

a. the same as short-period comets, just longer
b. circular
c. always in the ecliptic
d. randomly oriented with respect to the ecliptic
e. of low eccentricity
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Oort cloud, a billion comets, 2000–200,000 AU
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Shoemaker-Levy impact







The Tunguska Event - 30 June 1908



The Tunguska Event – the aftermath 19 years later!



Pluto and other Kuiper Belt objects
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Ultima Thule


