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PHYS 3280 
Physics of the space environment
7. Orbital debris and micrometeorites

Professor Norbert Bartel
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Orbital debris
• Any man-made junk in orbit
• Whole defunct satellites, parts of spacecraft, 

launch vehicles, fragmentation debris 
• 29,000 pieces > 10 cm diameter (they are 

tracked) 
• 750,000 pieces 1 - 10 cm diameter
• 150 Mill pieces 0.1 - 1 cm , particularly very 

small pieces that cannot be tracked è greatest 
risk to space missions

• Only a few satellite to satellite disasters so far
− 2009: Russian military satellite – Iridium

2200 pieces were generated (tracked)
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Adopted from Newland
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Adopted from Newland
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http://livedoor.blogimg.jp/drazuli/imgs/a/c/ac246e63.jpg

Whipple shield

It is an extra wall 
outside the 
Pressure hall

More protection
The larger the 
spacing
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Adopted from Newland
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Detection

Adopted from Newland
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Adopted from Newland
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NASA’s primary radar for
detecting space debris

Haystack observatory, MA, USA
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Adopted from Newland
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Adopted from Newland
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When used as bistatic
Radar, antenna can
detect 2 mm debris up
to 1000 km altitude
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Adopted from Newland

25
Adopted from Newland
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Long duration exposure facility

1984 to 1990

Purpose: 
Characterization of orbital debris 
and meteoroid environment in LEO

NASA

27

LDEF results

• ~ 15,000 impacts were found
• 30% from man-made objects
• 70% from natural objects

NASA
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LDEF statistics

NASA
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Terminology
Small rocks in space are called meteoroids

• If a meteoroid 
enters the Earth’s 
atmosphere, it 
produces a fiery 
trail called a 
meteor

• If part of the object 
survives the fall, 
the fragment that 
reaches the 
Earth’s surface is 
called a 
meteorite
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An astronaut image of a Perseid meteor over Earth.

https://solarsystem.nasa.gov/planets/meteors/indepth
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Perseid meteor and the Milky Way in Borrego 
Springs, California.

Credit: slworking2 on Flickr, CC BY-NC-SA 2.0
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Meteorite classification

• Stones (like rocks on Earth)
− Chondrites composed of chondrules. These are small 

spheres formed by rapid melting and subsequent rapid 
cooling. Radiometric age: 4.6 Bill. Years.

− Achondrites – same minerals but chondrules destroyed 
because of later heating and melting and 
recrystallization.

• Irons (alloys of iron and nickel)

• Stony irons (stony silicates mixed with iron)
Image: 
http://www.lpi.usra.edu/science/kring/epo_web/meteorites/chondrule.html

1 mm
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Origin of meteorites
• Asteroids

− Collisions made fragments that found their way 
toward Earth

• Comets
− Fragments and dust left behind – Earth 

crosses path

• Moon, Mars
− Crustal rocks were catapulted into space when 

another object collided with Moon or Mars
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Asteroid belt

N. F. Comins, Freedman
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• Astronomers first discovered the asteroids while 
searching for a “missing planet”

• 100,000’s of rocky irregularly shaped and cratered bodies 
orbit the Sun between Mars and Jupiter.

• 4000 asteroids are catalogued and their orbits are known.
• The largest asteroids are Ceres (1000 km diameter), Juno 

and Pallas. 
• Some, called Appollo objects, have orbital paths that 

cross Earth’s orbital path.
• Objects coming close to Earth are called Near Earth 

Objects (NEOs)
• ~150 NEO’s (1 to 8 km diameter) are known. They have 

unstable orbits and eventually will collide with Earth.
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Image credit: NASA/JPL-Caltech/UCAL/MPS/DLR/IDA). 

Giant asteroid 
4-Vesta

Diameter 525 m
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A comet is a chunk of 
rock with ice (dirty 
snowball- Fred Whipple) 
that generally moves in 
a highly elliptical and 
inclined orbit about the 
Sun

When approaching Sun, 
solar radiation 
generates evaporation 
of the surface èdust 
and ion tail

Freeman and Co
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Credit: ESA/Rosetta/NAVCAM, CC BY-SA IGO 3.0

19 September 2014 at 28.6 km from the centre
of comet 67P/Churyumov–Gerasimenko
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Comets from the Kuiper belt and Oort cloud
They 
originate 
either in the 
Kuiper belt or 
the Oort
cloud. The 
Oort cloud is 
thought to 
contain 
billions of 
comet nuclei.
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Kuiper belt and Oort cloud

Kuiper belt:
30 < R<=100 AU 
Donut shapedOort cloud:

R=50,000 AU
Spherical
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Kuiper belt objects (other than comets)

First objects discovered in the 1990s
Biggest: Quaoar (half as large as Pluto!
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Credit: S. Deiries/ESO
Comet McNaught over the Pacific Ocean.
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Dissection of 
a comet

Ions: H2O+,CO+, CO2+

Comet Wild
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A comet can break 
into small pieces
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Meteor
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Meteorite hit car
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Arizona crater

Freeman and Co

Diameter 1.2 km
Meteorite: nickel-iron,
Size:50 m, v=12 to 20 km s-1
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http://media.altran.it/Documenti/tecnology/05/PDF/TechnologyR
eview05_5.pdf

Meteoroid impact
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Close encounters
• 1000 asteroids with size of >1 km cross Earth orbit. 30% 

will hit Earth eventually, 1 every 300,000 yr. Could kill 1 
Bill people.

• 1178 Moon was hit. 20 km crater. 120,000 Mt explosion, 6 
times Earth’s atomic arsenal.

• 23 March 1989 asteroid 1989 FC missed Earth by 6 h. It 
was detected after passage. Explosion potential ~ 1000 
nuclear bombs.

• 1908 Tunguska asteroid,  size 50 m. Expectation: every 
100 yr. Equivalent to 20 Mt H bomb.

• 1990 small asteroid into Pacific ocean. Explosion power: 
small atomic bomb.
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Meteor hit car
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Arizona crater:  iron meteor, size 50 m, 50,000 yr ago
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65 Mill years ago: 
demise of the 
dinosaurs

250 Mill years ago: 
greater mass 
extinction - 80 - 90% 
of species of life 
perished
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Meteor shower impactsMeteorites were 
also found on 
Earth from 
impacts on 
Moon and Mars
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Meteor shower impactsMeteorites were 
also found on 
Earth from 
impacts on 
Moon and Mars

…but none from 
Mercury and 
Venus yet
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The End
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