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5. Minor planets and other small 
bodies in the Solar System 



An overview of the known Solar System 

• The Sun 

 

• 4 terrestrial planets: Mercury, Venus, Earth, Mars 

 

• 4 Jovian planets: Jupiter, Saturn, Uranus, Neptune 

 

• 5 dwarf planets: Pluto, Ceres,                                                                  
Eris, Haumea, Makemake 

 

• Moons, asteroids, comets,                                                                                   
meteoroids, trans-Neptunian                                                            
objects, interplanetary dust 

 

• Oort cloud 



Why is Pluto not a planet anymore? 

• The definition of a planet (International Astronomical Union, 2006): 
 In the Solar System, a planet is a celestial body that: 

1. Is in orbit around the Sun, 
2. has sufficient mass to assume hydrostatic equilibrium (a nearly 

spherical shape), and 
3. has cleared the neighbourhood around its orbit. 

 

• The definition of a dwarf planet: 
1. Is in orbit around the Sun, 
2. has sufficient mass to assume hydrostatic equilibrium (a nearly 

spherical shape),  
3. has NOT cleared the neighbourhood around its orbit, and 
4. is not a moon.  



5.1 Dwarf planets 

• Currently, 5 Solar-System objects 
satisfy the definition of a dwarf 
planet:  Ceres, Pluto, Eris, Haumea, 
and Makemake. 
 

• More objects probably qualifying as 
dwarf planets have been found from 
the Kuiper belt and beyond. 
 

• Plutoid = a dwarf planet beyond the 
orbit of Neptune (= at least 30 AU 
from the Sun). 
– All known dwarf planets are 

plutoids except Ceres. 



• Ceres: 
– Contains about 1/3 of the mass of the 

main asteroid belt. 
– Differentiated: rocky core, icy mantle.  
– Surface: mixture of water ice, clays, and 

carbonates.  
– Liquid water under the surface? 
– Spacecraft Dawn (NASA) arrives at 

Ceres in 2015 (launched 2007). 
– No moons. 

 

 

Dwarf planet Discovered Diameter (% 
of Moon’s) 

Region of 
Solar System 

Orbital period 

Ceres 1801 950 km  (28%) Asteroid belt 4.6 years 

Pluto 1930 2306 km (66%) Kuiper belt 248 years 

Haumea 2004 1300 km (37%) Kuiper belt 283 years 

Makemake 2005 1420 km (41%) Kuiper belt 310 years 

Eris 2005 2326 km (67%) Scattered disc 557 years 

Ceres imaged by Hubble. 



• Pluto: 
– 2nd largest TNO; largest Kuiper belt object. 
– An eccentric (30-49 AU from the Sun) and inclined 

orbit; 2:3 orbital resonance with Neptune. 
– Surface: large variations in colour and brightness 

(dark and bright areas, reddish).  Southern 
hemisphere is darkening, northern polar region is 
brightening (seasonal variation?). Mainly nitrogen 
ice (also methane and carbon monoxide ice). 

– Traces of a thin atmosphere (nitrogen, methane); 
changes due to the elongated orbit. 

– 5 known moons: Charon, Nix, Hydra, 2 unnamed. 
Charon has a diameter of 1207 km, making it the 
relatively largest moon in the Solar System  
Pluto+Charon often referred to as binary system.  

– First space mission: New Horizons flyby in 2015. 
 

• Eris: 
– Largest known dwarf planet and TNO. The 

discovery led to the new definitions of a planet 
and a dwarf planet.  

– Has one moon, Dysnomia. 
– Very reflective surface (frozen methane?). 
– Eccentric orbit: distance to the Sun varies  
 from 38 AU to 98 AU. 

Above: Pluto with 3 of the 
moons, and a processed image 
of Pluto’s surface (Hubble). 
Below: Eris and Dysnomia. 





• Makemake: 
– No moons  mass determination 

difficult (remember Kepler’s laws!). 
– Spectroscopic observations: surface 

largely composed of methane in large 
grains. Also ethane, tholins (red 
colour), and nitrogen present. 

– Highly inclined orbit (29 degrees). 
 

• Haumea: 
– Has 2 moons: Hi’iaka and Namaka. 
– Has an elliptical shape (concluded 

from lightcurve observations), most 
likely due to fast rotation, 3.9 h. 

– Spectroscopic measurements show 
the presence of crystalline and 
amorphous water ice. 

– Belongs to so-called Haumea family 
with 5 other TNOs (similar orbits and 
spectra  probably the same origin 
from an ancient collision). 

Above: Makemake imaged by Hubble. 

Haumea and 
the 2 moons by 
Keck; below, 
artist’s 
conception. 



Animation: The 
dynamics of the 
inner Solar System 
during 2 years (with a 
time step of 10 days). 
 
Green: main-belt 
asteroids 
Red: Near-Earth 
objects  
Blue: comets 
 
Planets: Mercury, 
Venus, Earth, Mars. 
 
 
 
 
 
(From: IAU MPC) 
 



The dynamics of the 
inner and middle 
Solar System during 
two years (with a time 
step of 10 days). 
 
Green: main-belt 
asteroids 
Red: Near-Earth 
objects  
Blue: trojan asteroids 
Blue squares: comets 
 
Planets: Mercury, 
Venus, Earth, Mars, 
Jupiter. 
 
Over 100 000 objects. 
 
 
(From: IAU MPC) 
 



Animation: The 
dynamics of the outer 
Solar System during 
100 years (with a time 
step of 200 days). 
 
White: plutinos (Pluto 
as large, white circle) 
Blue squares: comets 
(in perihelion around 
year 2002) 
Orange: centaurs 
Red: Classical TNOs 
Magenta: scattered 
disc objects 
Cyan: high-
eccentricity objects 
 
Planets: Jupiter, 
Saturn, Uranus, 
Neptune. 
 
(From: IAU MPC) 



• Minor planets that have not volatile 
(cometary) surfaces; composed of rocky or 
metallic materials.   
 

• Most asteroids are located in the main 
asteroid belt between the orbits of Mars and 
Jupiter: estimated 1.1-1.9 million asteroids 
larger than 1 km in diameter. 

 
• Asteroids also as trojans: sharing a planet’s 

orbit and being gravitationally locked to it; 
dynamically extremely stable. 
– Jupiter hosts the largest trojan 

population. 
– Also Mars, Neptune, and Earth have 

trojans. 
 

• Near-Earth asteroids (NEAs): 
– Impact hazard! 
– Over 7000 known. 

 

Jupiter 

trailing Trojan 
point 

leading  
Trojan 
point 

Main belt 

5.2 Asteroids 



• Physical properties: 
– Diameter: roughly from few tens of 

meters up to about 1000 km. 

– Generally nonspherical in shape, 
surface full of impact traces. 

– Composition varies: some are rocky 
(like Earth’s crust), some very fragile, 
mainly composed of carbonaceous 
materials, some contain also ice  
the mean density varies from about 1 
to over 3 g/cm3. 

– Asteroids classified according to their 
reflective properties. Two largest 
classes (> 90%): C (carbonaceous) 
and S (silicaceous; ”stony”) type 
asteroids. 

– Some are compact, some are loose 
rubble piles. 

– Many asteroids have satellites; also 
binary asteroids exist. 

951 Gaspra 

243 Ida and Dactyl 

433 Eros 



• How to study asteroids? 
– Space missions: Galileo (Gaspra and Ida 

flybys), Near (Mathilde and Eros), and 
Hayabusa (Itokawa; sample return mission), 
Dawn (Vesta, Ceres in 2015), … 

– Ground-based radar observations, 
photometric and polarimetric observations, 
Hubble, … 

 

• Identification difficult due to the large 
number of objects. 
– Orbit determination (especially important 

when considering near-Earth objects, 
NEOs!): tentative  accurate. 

– Identification possible using statistical 
methods for linking asteroid observations. 
 

• Asteroids are remnants of the 
protoplanetary disc  an important 
”laboratory” for studying the formation of 
the Solar System. 

 

Asteroid 2004 FH being 
tracked. 

Some undifferentiated C-
type asteroids (chondrites) 
have pocketed droplets of 
the primordial matter that 
formed the Solar System. 



5.3 Trans-Neptunian objects (TNOs) 

• Solar-System objects that have 
an orbital semi-major axis larger 
than Neptune. 
– Kuiper belt objects. 

– Scattered disc objects. 

– Oort cloud objects. 

 

• Difficult to observe: visual 
observations can be made from a 
very narrow angular region.   

 

• Currently, over 1200 listed TNOs 
by the Minor Planet Center of the 
IAU. 

 

 



• Kuiper belt: 
– An area starting from the orbit 

of Neptune at 30 AU, reaching 
to 55 AU. 

– Found in 1992, now over 1000 
known objects; believed to host 
more than 100 000 objects with 
a diameter > 100 km. 

– Largest known objects: Pluto, 
Haumea, Makemake. 

– Currently, too sparsely 
populated for planet formation.  

– Mainly icy bodies with rocky 
inclusions. 

– Resonance areas with Neptune. 
– Dynamically different groups: 

cubewanos (classical Kuiper 
belt objects), plutinos (2:3 
resonance with Neptune), 
twotinos (1:2 resonance with 
Neptune). 



• Scattered disc: 
– The innermost part overlaps with 

Kuiper belt; from 30 AU to over 100 
AU. 

– Objects in peculiar and potentially 
unstable orbits: high eccentricities (up 
to 0.8) and inclinations (up to 40o). 

– Largest known object: Eris. 
– Currently believed to be the source of 

short-period comets (gravitational 
perturbations cause changes to the 
orbits).  

– Many Oort cloud objects are believed 
to originate from the scattered disc. 

 
• Oort cloud: 

– A hypothesized spherical cloud of small 
bodies. 

– Reaches up to about 50 000 AU (nearly 
1 ly!). 

– Believed to be the source of long-
period comets: the spherical 
distribution of objects would explain 
the observed orbits of the comets and 
the calculated distances of their 
aphelia. 

 

Solar System as seen from Oort 
cloud – artist’s conception. 



5.4 Comets 
• Consist mainly of dust and water ice, also rock 

and frozen gases (methane, ammonia, carbon 
mono- and dioxide). 
– “Dirty snowballs”  “icy dirtballs”! 

 
• Originate from the outer parts of the Solar 

System. 
– Short-period comets (orbital period 20-200 years) 

from the Scattered disc or near the gas giants 
(e.g., Halley comet). 

– Long-period comets (orbital periods few hundred 
– few million years) come from the Oort cloud: 
can be on a very eccentric and inclined orbit. 

– Single-apparition comets show up only once; 
orbits are not bound to orbiting the Sun. 
 

• Gravitational perturbations of the planets can 
change the orbit. 

 

• Currently, over 4100 known comets (a tiny 
fraction of all potential comets). 

Comet West in 1976. 



• At its maximum distance from the 
Sun (in aphelion), a comet is inactive. 

 
• As it approaches its perihelion, the 

comet is warmed up by the Sun and 
becomes active. 
– Ice and gases start to evaporate, 

forming an atmosphere (coma) 
around the comet. 

– The coma stretches out in a massive 
tail due to solar wind and radiation 
pressure. 
• Gas and dust form separate tails. 

 

• The structure of a comet: 
– Nucleus; diameter from 100 m to 40 

km. 
– Coma; formed by evaporating 

volatiles. 
– Dust tail; formed by dust, curved, 

yellowish. 
– Ion tail; formed by gas, points away 

from the Sun, usually bluish or 
greenish. 

 

Right: nucleus of comet 
Tempel 1 imaged by 
Deep Impact impactor. 



Hale-Bopp, 1997. A long-period comet 
(0.91-371 AU), next perihelion expected 
in 4380. Largest cometary nucleus 
detected: about 40 km in diameter. 

Hyakutake, 1996. A long-period comet 
with an estimated orbital period of      
72 000 years. Coma about 4 times the 
diameter of full moon. Nucleus 2 km. 



5.5 Meteoroids 

• Meteoroid  = an object orbiting the Sun, 
smaller than minor planets  

 (diameter < ten – few tens of meters). 
 

• When a meteoroid hits the atmosphere, it 
creates a quick phenomenon called a 
meteor (”shooting star”).   
 

• Potential remnants of the meteoroid found 
after the impact = meteorite. 
 

• Some round craters on the ground are 
signs of ancient impacts. 
– In Finland, over 10 identified. 

 
• Largest recent impact in 1908, in Tunguska, 

Siberia. 
– Impactor a few tens of meters  exploded 

in the atmosphere  knocked over trees in 
up to 40 km distance. 

 



An example of near-
Earth objects (NEOs) 
during one year: 
 
All displayed objects 
are less than 20 
million km from the 
Earth. Objects within 
one-third of this 
distance are colored 
red, objects within 
two-thirds are colored 
orange, other objects 
are green. Objects 
below the ecliptic 
plane are shown as 
outline circles, objects 
above as filled circles. 
 
(From: IAU Minor 
Planet Center) 
 



5.6  Interplanetary dust 

• Small particles (size below about 1 mm) in 
interplanetary space. 

 
• Scatter solar light  observed as zodiacal 

light. Also produce thermal emission.  
 
• The sources of dust:  

– Asteroid collisions. 
– Cometary activity and collisions. 
– Kuiper belt collisions. 
– Interstellar medium grains. 

 
• Lifetimes of the dust particles are short 

compared to the age of the Solar System. 
 

• Dust trails: solid debris left by comets. 
– If the orbits of the comet and the Earth cross, 

the debris particles hit the atmosphere and 
produce meteor showers. 

– Example: Perseid meteor shower in August 
(debris from comet Swift-Tuttle).  



Two bright bands in the night sky: zodiacal light and the Milky Way.   


