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DUST GRAIN RESONANCES IN PROTOPLANETARY SYSTEMS 
T.W. Hyde and R. Nazzario, Department of Physics, Baylor University, 
Waco, TX 76798-73 16. 

It is generally accepted that planets form by accretion from an initial population of small, 
solid bodies, or planetesimals in orbit about a star. When the orbits of these planetesimals 
intersect, collisions and binding by self-gravity produce growth of the planetesimals into larger 
bodies which eventually reach planetary size. Most current theories take as an initial assumption, 
the existence of a "cache" of planetesimals with initial sizes between 1 and 10 km as a starting 
point for planetary accretion calculations. The primary reason for this unwillingness to discuss 
the origin of the planetesimals is the complexity of the problem in describing the accretion 
process of dust to planetesimal in any analytical manner. At different times in the growth pattern, 
the constituent parts (mostly dust) are dominated by forces other than gravity, with many of these 
being extremely difficult to model. As a result, the coagulation processes involved are not well 
understood at the present time. 

In addition to the above, once planetesimals start to form, they will obviously interact with 
the dusty disk surrounding them. Some work has already been done in determining the effects of 
a protoplanet on the dust particles around it. The majority of work to date has been concerned 
with the possibility of resonance zones being created by the protoplanet within the circumstellar 
disk. It has been shown that the formation of a planet with approximately Saturn's mass and orbit 
can be achieved through the perturbation of 1500 particles each with a mass 1/1500 that of 
Saturn's by a Jupiter type planet (1). 

This work models a protoplanetary system consisting of an Earth and Jupiter type planet in 
orbit around a Sun type star. Dust grains of 0.7 p radius are injected into the system and their 
orbital trajectories are tracked. Gravitational and radiation forces are included in the calculations 
and several different numerical methods (Euler, 2nd, 3rd & 5th order Runga-Kutta and a Modified 
Euler) have been employed in an attempt to optimize CPU time constraints with numerical 
accuracy. The acceleration to the particle due to gravitational forces is given by 

where that due to the radiation forces is 

where r is the radial velocity, Gr is the direction to the Sun, c is the speed of light, P is the ratio 
of radiation force to gravitational force, G is the gravitational constant and M represents the mass 
of the Sun (2). All calculations were made with dust particles of 0.7 p radius, densities of 3 glcm3 
and a p of 0.1. 

Initial runs with 10 and 50 dust grains have been conducted. In both cases, the particles 
were initially distributed uniformly along a 1 AU orbit and with all particles having the same 
speed. An earth size planet was introduced in a 0.8 AU orbit to study the perturbational effects on 
the dust "ring" created by a nearby planet. (Without the planet the dust spirals into the sun due to 
Poynting-Robertson forces and the fact that intergrain forces are not being considered.) As seen 
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in Figure 1, it appears that the perturbation caused by the planet upsets this inspiraling and may 
lead to dust resonance zones. This possibility is currently under investigation. 
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