
Comets, the Oort Cloud and the Kuiper 
Belt 

Comets  

Halley's Comet was the first to be proven to be periodic. It was seen in 66Ad, 1066 
AD, 1456 AD, 1910 AD and between. Halley chose to study the most recent, to him, 
and best-tracked comet of 1682. He found evidence of a body with a similar orbit in 
1378, 1456, 1531 and 1607 - gaps of 75, 76, 75 and 78 years. Why the differences? It 
was Halley's triumph to show this could be the effect of gravitational encounters with 
the giant planets. He predicted its return for the winter of 1758-9. It appeared, on 
schedule, on Christmas day 1758.  

Comets are small, ice-rich bodies, a few km in diameter, in eccentric orbits about the 
Sun. They are distinguished by the detectable tail or tails which extend from them as 
they approach the Sun. When the tail is weak or arguable, there is an ambiguity 
between asteroids and comets which provides much discussion. There have been 
cases of comets "turning into" asteroids as they run out of volatile material after many 
passes in near the sun.  

We have discussed cometary tails when we looked at the solar wind. We pointed out 
that there are two main types of tail - a dust tail and an ionised tail. The overall 
structure of a comet is shown here:  
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Tail I is the ion tail and type II is the dust tail. The nucleus is an icy conglomerate 
(Whipple's "dirty snowball" model) 10-20km in diameter typically and with the non-
water component being made of simple combinations mostly of the most common 
elements C,N,O and H. Thus we have H2O, NH3, CH3CN, (H2CO)n and the 
combinations also seen in the coma. There may also be HCN, CS2, H2S, S and 
complex hydrocarbons.  

The coma is typically 105 km diameter and is the product of outgassing of the 
molecules from the surface. Dissociation produces simple molecules and free radicals 
like OH, O, H, CO, CO2, CN, NH, NH2, S, CH, CS, C, C2, and C3. There is also 
formaldehyde (CH2O)n.  Photodissociation is easier than photoionisation, but given 
enough time, as the particles diffuse outwards, they will be ionised. Then we see C+, 
CH+, CO+, CO2

+, H2O
+, OH+, N2

+ and CN+.  

The ion tail is a "continuation" of the ion envelope, with the ions picked up and 
transported antisunward by the solar wind. Near the Sun one also sees evidence of 
higher atomic weight species - K, Ca, Fe, Co, Ni, V, Mn and Cu. The dust tail 
contains dust partiontains dust particles of micron size. (The dust particles are "blown 
out" from the Sun, against solar gravity, by light pressure. At the Earth this pressure is 
given by S/c, where S is the Solar Constant and c the speed of light. You should be 
able to calculate the size of dust particle below which light pressure dominates over 
gravitational attraction. You should find this comes to about 1 micron.) The tails 



typically stretch to 106 - 107 km. Beyond the denser coma there is a "corona" of 
mainly Hydrogen which stretches beyond the shock front where the ions balance the 
solar wind (see section on interactions of solar system bodies with the solar wind).  

 
Short- and long-period comets  

Comets such as Halley's which have been known to return, or in orbits with an 
accurately determinable return period, are known as short-period comets. Other 
comets are in such eccentric orbits that they will have effective periods of order 106 
years. These are known as long-period comets.  

Short-period comets tend to lie in a narrow range of eccentricity, inclination and 
period:  

Eccentricity v Inclination  



Eccentricity v 
Period  

There is a tendency for the aphelia to be near the orbit of Jupiter and Saturn. It is a 
matter of conjecture whether short-period comethether short-period comets are from a 
different "pool" of bodies to long-period comets or whether they are long-period 
comets which have been deflected into short-period orbits by the giant planets. We 
shall see below that there is now some evidence that there is a particular "pool" of 
bodies from which they may be drawn. The fact that the short-period comets have low 
inclinations whereas the long-period bodies can have virtually any inclinations is 
strong evidence that the origins are different (though of course you could argue that 
the higher inclination long-period comets stand less chance of being deflected during 
passage through the inner solar system.)  

The long-period comets tend to have nearly - but not quite - parabolic orbits. If we 
plot a frequency-energy diagram (i.e the number frequency of bodies at given orbital 
energy, represented by 1/a) for long-period comets, then we see a clear clustering at 
just over zero:  

 



 

Zero here would represent a parabolic orbit, and negative numbers hyperbolic orbits. 
The leftmost, most energetic body is at -0.0007. Nearly all of them are just on the 
positive side. Thus it is very unlikely that the source of these bodies is a pool of 
"interstellar wanderers" which have entered the solar system form interstellar space. 
Rather, they are part of the solar system, with aphelia at many times the distance of 
the outermost planet. f the outermost planet.  

Oort's cloud  

This lead to the postulate by the Dutch astronomer Oort that there is a reservoir of 
cometary bodies in a large cloud surrounding the solar system out at very large 
distances - typically 10,000AU (way beyond the planets). This is now known as 
Oort's Cloud. The idea is that this is a cloud of small ice-based bodies made of 
material left over from the formation of the solar system. The cloud is spherical 
(hence any inclination being possible for long-period comets) and is occasionally 
disturbed by a passing star or by interactions between the sparsely-space bodies to 
send the occasional one into the inner solar system.  

The importance of these bodies to to history of the solar system can be appreciated. If 
these are indeed made up of the primordial material, getting a sample of one or more 
of these bodies may tell us an enormous amount about the formation of the solar 
system, and the interstellar material. A number of missions to comets are planned in 
the near future to sample or sample-and-return the nucleus material.  

Depletion of comets  

There will be depletion of both short- and long-term comets by collisions and 
"encounters". Either type could be ejected from the system by interaction with the Gas 
Giants especially. Long period comets may be lost due to energy imparted by passing 
suns.  

 
Interaction in the inner solar system  

Taking the volume for interaction as the region < 2AU, which is where most 
comets become visible, the c/s area of that central sphere is  

     (pi)(2 x 1.5 1011)2 = 3 1023 m2 

The planets in this volume have a c/s area of 3 1014 m2, so the probability of 
collision is about 10-9. Long period comets have periods of around 106 years, and 
may pass through, say, 103 times assuming a lifetime of a significant fraction of 
the age of the solar system. Thus there is only a 10-6 chance of being destroyed by 
a collision.  

This is, of course, the probability of a given comet colliding during its lifetime. 
The probability of a collision with a (any) comet, will be much larger - in 
proportion to the number of comets that pass through the system overall. This 
calculation also uses too low a collision cross-section as we shall see below: so the 



delivery of the inner planets' atmospheres by collision with comets is not ruled 
out. In fact the latest figures seem to indicate it is a highly likely process, in terms 
of collision frequency within the age of the solar system.  

If the comet passing through the inner system is bound to the Sun, the greatest 
velocity it can have at any point is the escape velocity vesc=(2GMsun/R)1/2, which is 
42km s<2, which is 42km s-1 at the Earth. We can assume any orientation, so the 
minimum and maximum encounter velocities are given by collisions with co-
directional and anti-directional (prograde) bodies:  

 

At Earth these relative velocities are 12.3 to 71.7 km s-1. The impact velocity 
needs to take into account the fall through the Earth's gravitational well:  

    vimpact
2 = vapproach

2 + vescape
2 

 vescape = 11.2 km s-1 

 

Minimim and maximum vimpact will be 16.6 and 72.6 km s-1, so the increment due 
to Earth's gravity is between 0.9 (fast relative velocity) and 4.3 (slower relative 
velocity) km s-1. If the comet were to suffer a close encounter, but escape the body to 
which it was falling, these increments would be the sorts of velocity increments that 
the comets could be given by a near-impact in the inner system. With most being on 
near-parabolic orbits this would obviously be enough to boost them to escape, if 
oriented in the right direction (or turn them into short-period comets if slowed).  
 
Oort Cloud - probable limits  
Comets too far from the sun could easily get "dislodged" by passing stars. Most long-
period comets seem to have aphelia at around 104 AU (where they have an average 
tempthey have an average temperature around 3K!). 1 parsec is around 2 105 AU, so 
the comets in the Oort cloud can be up to 5% of the way to the nearest star. Consider, 
however, that other stars do pass closer.  
In the Sun's vicinity there are about 0.044 stars per cubic parsec (556 stars in a 10 pc 
radius). The Sun's velocity through this medium is about 20km s-1, or about 20 pc 
My-1. If we take a c/s area of A pc2 travelling at v pc My-1 through a medium of d 
(pc-3) density then we will have a mean time between encounters of T (My) where T 
is given by:  



        T   =  1/(Avd) 
If r = 20,000 AU (0.1pc) then T is around 38My. One such collision would remove all 
comets out to 0.05pc,or 10,000 AU. 12 such collisions (200My) will sweep away any 
material outside 0.05pc.  
The closest encounter in 4.6Gy would be expected to be about 1800 AU, but this is 
most likely to be a brown dwarf, around 0.06 MS, which is about the same effect as a 
single G0 star at around 7,000 AU. Overall we expect the volume out to 10,000 AU to 
remain populated for billions of years.  
 
Cometary orbits  
The orbital velocity of any solar system body, comets included, is given by:  
        v2 = GMS(2/r -1/a) 
where a is the semi-major axis, r the distance from the Sun and MS the om the Sun 
and MS the Sun's mass. If a comet is in the Oort cloud then a is about 10,000 AU, and 
so v is about 0.3km s-1 at r=a. If the perihelion distance (q) is 1 AU (i.e. q = a[1-e] = 
1 AU) and a is 10,000 AU then the aphelion is Q = a(1+e) = 2a-q = 19,999 AU and e 
is around 0.9999! The orbital velocity at perihelion is 42.4253 km s-1, compared to 
the local escape velocity of 42.4264 km s-1 - so only 1.1 m s-1 would give the comet 
enough velocity to escape.  
Orbital velocity at aphelion is around 2.1 ms-1. With that sort of velocity at the 
enormous distances from the Sun where the Oort cloud comets spend most of their 
time, we can see that they will not orbit the Sun very quickly, and unless there is an 
enormous density of objects, they would not be expected to interact very often! We 
have seen above the effect an encounter with Earth can produce. An encounter with 
Jupiter can easily produce an incremental velocity of 2 km s-1. Added this will throw 
the comet out of the solar system completely, but subtracted it would bring the semi-
major axis, a, down to 13AU, and the period down to 47 years!  
 
Effect of passing star  
A passing star would produce a gravitational acceleration g = GM/D2, where D is the 
distance of the star mass M. If this acts for a time t, the incremental velocity change 
would be gt, and t, the durati gt, and t, the duration of the encounter, is 2D/v* where 
v* is the velocity of the star relative to the sun, which we remember from above is 
about 20 km s-1. So gt=2GM/v*D and we can take M=0.1MS and D=10,000 AU so 
incremental velocity is around 1.3ms-1, sufficient to cause escape or precipitate the 
comet into the inner solar system.  
The heating effect of passing stars can also be estimated to see if there is any 
significant probability that the comets can be evaporated within, say, the history of the 
solar system. Most M class red dwarfs would need to get within 1 AU to make the 
cometary bodies reach 30K (enough to cause loss of volatiles like CH4 or Ar). Such a 
body would pass throuh swiftly (20 km s-1 remember) and so heat only a fraction of 
the cloud (3 104 AU3/3 1012 AU3), so only 1:108 would be heated to 30K in each 
encounter.  
On top of this the heat pulse would only penetrate a few 10s of meters into the bodies, 
and anyway, any star that got this close would impart a velocity increment of about 10 
km s-1 and so any comet affected would be lost.It is unlikely, then, that the bodies we 
see will have lost any significant amount of their primordial material before we see 
them.  
 
Edgeworth-Kuiper Belt  



In recent years a number of small bodies have been found in ies have been found in 
orbits at the outer edge of the orbits of the gas giants and beyond. The existence of 
these were first suggested by the Irish gentleman-scientist Kenneth Exeter Edgeworth 
in 1949, and then independently by the Dutch-American astronomer Gerard Kuiper in 
1951. They suggested a source was needed for the short-period comets which took 
into account they tended to be in or near the ecliptic plane, unlike the long-period 
comets. A reservoir in or near the ecliptic, and just outside the main planetary region 
was suggested for these. This reservoir also might account for the supply of some of 
the asteroidal-like satellites of the outer planets, and maybe also Pluto. The retrograde 
orbit of Triton and the strange orbit of Pluto (we know know it to be an even stranger 
double-planet system of course) argued for them to be "interlopers" originally from 
outside their current orbits, but the only known source of bodies like that - the asteroid 
belt - seemed unlikely. It would be very difficult to find a mechanism for imparting 
enough energy to bodies in the asteroid belt between Mars and Jupiter to raise them to 
trans-Neptunian distances. The suggestion that perhaps there is a reservoir of 
asteroidal-type bodies beyond Neptune was proved right when the first such body was 
found by Jewitt and Luu from Hawaii in 1992 - quickly followed by several others. 
All the bodies found so far tend to be in the range of 40-50 AU from the Sun.  
The 32 Kuiper belt bodies known by early 1996 are all 100 to 400 km in diameter. It 
is estimated that there must be 35,000 objects larger than 100 km in diameter, so the 
total belt probably has a total mass hundreds of times larger than the asteroid belt 
between Mars and Jupiter. There is some cause to split the objects found into at least 
two types - those with almost circular orbits and those which move in resonant orbits 
with Neptune, like Pluto. In fact the 3:2 resonance that Pluto has is also the most 
popular resonant orbit fround in the Kuiper belt objects so far. One other moves in a 
4:3 resonance. There are a group of asteroids called the Centaurs which move in 
orbits outside the main asteroid belt, and amongst the outer planets, which are posited 
to have more direct links with the Kuiper belt objects.  
Effective cross-section for collisions  
Our collision probability (for a comet to hit an inner solar system body) calculated 
above (10-6), ignored the effective cross-section increase due to gravitational 
deflection. We can account for this to give an effective gravitational cross-section 
which is greater than the geometric cross-section (effective radius D >> real radius 
R). D will depend on the initial approach velocity. We use conservation of angular 
momentum and conservation of energy to calculate D:  
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The critical offset D is given by:  
       D = R(1 + 2GM/RVapp2) 
          = R[1 + (Vesc/Vapp)

2] 
 
For a long period comet D/R is around 1.04, but if vapp is as low as 2.2km s-1 then D/R 
= 26.  
 
Forces due to evaporation  
By considering a typical model of a comet - mostly water with "impurities" - see 
above - you can calculate how much material is lost at close encounter with the Sun 
(perihelion). Assuming this is lost asymmetrically it is possible this could have a net 
accelerative effect on the body. Rough calculations (see Lewis pp. 286-7) shows this 
is unlikely to be more than of the order of magnitude 6 m s-1, but this depends heavily 
on the assumptions made. The evaporation is ameliorated by dust which inhibits 
heating and slows gas loss.  
 
We have seen above how light pressure is balanced by gravity for grains of a certain 
size in interplanetary space. Similarly there will be a size above which gravitational 
attraction to the comet exceeds the gas pressure trying to detach the grains. Grains 
above this size accumulate. How much does depends on the maximum heating, and 
therefore the pressure, near the Sun. Comets with perihelia far enough out may lose 
their volatiles and become dust-covered and hence inactive.  
 
Meteors and Comets  
 
Many meteor and Comets  
Many meteor streams seem to be associated with comets, or what used to be comets. 
As might be expected, many of these meteors are weakly consolidated. The smaller 



"fluffy" ones however, will often survive entry intact because of their large surface to 
mass ratios. These bodies are typically 2-50 micrometers in diameter, and these have 
been successfully collected in the stratosphere from aircraft and balloons. Less "rock-
like" than the larger meteorites, they show evidence of a larger volatile component, 
and seem to be from a source never reheated since formation.  
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