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 The transport of volatiles by planetesimals from the outer solar system plays a 
central role in providing the raw materials necessary to produce the ices and organics in 
the terrestrial planets. However, much uncertainty remains regarding the variability of 
this mechanism over the life of the solar system. Many of our insights into these 
problems come from geochemical analyses of meteorites and the spectrophotometry of 
asteroidal, planetary satellite, and Kuiper Belt objects. Substantial effort has been placed 
on the utilization of theoretical and, especially, computational simulation methods. In 
order to compare the outcomes of these computational experiments with observations, it 
is imperative that we establish the validity of these dynamical results. 
 The dynamical simulation of our solar system as well as extrasolar planetary 
systems, including planetesimals, is a relatively recent development. In contrast, the 
dynamical investigation of galaxies is a relatively mature subject.  Chandrasekhar's 
seminal work (1942) established the scaling relationships that pertain to self-gravitating 
structures with a well-defined total mass and size. In particular, he identified the mean 
time between the stellar analogue of molecular collisions in kinetic theory. He established 
that galaxies having 1011 stars would experience relatively few gravitational deflections 
during the lifetime of the universe. Quantitatively, he showed that the effective timescale 
between such events would vary in direct proportion to the number N of units into which 
the system was represented. It became evident in the 1970s and 1980s that fictitious near 
collision events would become an important factor in simulations containing only 1000 to 
10,000 “particles.” The work of Farouki and Salpeter (1982), among others, 
demonstrated that artificial “collisions” could invalidate galactic dynamic simulations 
over time intervals very short compared to the age of these objects. 
 In order to validate computer simulations, galactic dynamicists employed two 
kinds of test particles, heavy and light ones. Owing to three-body effects, artificial near-
collisions would produce a “mass segregation effect.” The heavy test particles would 
gravitate toward the galactic center while the light test particles would be systematically 
displaced and sometimes expelled. Self-gravitating solar system models that employ 
relatively modest numbers of test particles could be producing a systematic error in 
simulations with only modest numbers of “planetesimals.” This erroneous behavior could 
manifest in major planet migration, which is a de facto form of mass segregation, and in 
the transport rate for volatiles from the outer solar system to the terrestrial planets.  

 The solar system dynamics literature now shows some concerns about the validity 
of calculations with small number of planetesimals. However, the scaling properties 
identified by Chandrasekhar and others, and the testing protocols that were established 
have not been utilized to validate current simulations of our solar system. We will review 
this problem and related issues pertinent to the accurate simulation of early solar system 
environments and present a series of tests that should be performed in these dynamical 
simulations in order to guaranty that the transport and migration rates claimed are 
plausible and can be related to geochemical and spectrophotometric observations. 


