
The resonance gaps in the Asteroid Belt.  

Bórea, approaches in an elliptical path of high eccentricity, and enters the Asteroid Belt (AB) at point B. It 

has to cross the AB, accreting material from the AB before it leaves the AB and enters into the Terrestrial 

Planets zone at V, at 1.5 AU from the Sun. This is how Bórea grew in size and mass. The question is, was 

Bórea, inside the AB, following the ellipse’s path? If that would be the case, a calculated value was about 

20.5 AU 

 

 

 

 

 

 

 

 

 

 

Fig. 1 

In my first calculation I considered Bórea approaching the interior Solar System by means of a parabola, 

that would then cross the AB, a distance from B to V of 17 AU.  

Using the model of a spiral approach from outside the AB, Bórea would follow this path also inside the 

AB, covering a distance of approximately 10 AU.  

We have then three results: 

Parabola: 17 AU 

Spiral: 10 AU 

Ellipse: 20.5 AU 
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Lately (June 2, 2020) I have been thinking about the gaps in the Asteroid Belt, depleted of asteroids at 

certain positions of resonance with Jupiter. There are some concentrations of asteroids (about 20 

asteroids) according to the histogram in Fig. 1.7 in p.14 of Solar System Dynamics by Murray and Dermott, 

that I inserted here, separated by about 1.2 AU from 4 AU to 5.2 AU.  

 

Fig. 2 

These asteroids remain in a 1:1 and 3:2 resonance with Jupiter. This 1.2 AU gap indicates that Bórea 

accreted a huge, maybe the maximum amount, of mass from this area, to create a gap of this magnitude. 

The next big gap is of about 0.7 AU long. The histogram shows gaps at 2:1, 5:2, 3:1, and 4:1 resonance, 

leaving some few asteroids at about 1.9 AU, and below this distance very small traces of the presence of 

asteroids.  

 

Previous calculations 

 ADENDUM – (Parabola) 

In the original manuscript, like I mention it before, I had conceived Berea’s trajectory through the Asteroid 

Belt (AB) over a parabola; but this result will not be very satisfactory considering the length of the 

trajectory inside the AB, I decided to switch over to a spiral trajectory. I knew, I would leave the conics 

expected for bodies in the Solar System, but a spiral is possible under certain circumstances. Over the 

spiral, Bórea would travel around 10 AU inside the AB. I would like to thank Dr. Juan Fabregat of the 

University of Valencia, Spain, for pointing out that under conditions of exchange of momentum and 

energy, a spiral is a possibility. As I reviewed the previous calculation on the parabola, I realized that the 

limits of the integration were taken incorrectly (actually it was the upper limit of the integral that should 

have been 3.5 and not 2.0 AU). Once taken care of this error, the result for the path of Bórea inside the 

AB is 17.5 AU. This result is higher than that calculated for the spiral (≈ 10 AU) which is good news for the 

accretion of mass.  

I would like to suggest that the body Bórea, was formed possible outside the AB, that was rotating around 

it center of mass, and therefore it did not collapse as one single body. After the accretion and the collision 

with Mars, the bodies in Bórea separated to configure the Terrestrial Solar System. The small inertial mass 



of Mercury was accelerated towards the interior of the Solar System, with a velocity that would allow it 

to revolve around the Sun. Mars, even though its mass is less that that of the Earth, the collision provided 

a superior orbit, first, because it emerged from the AB with relative poor mass, and second, because of 

the transfer of momentum after the collision with a much larger mass of the Earth.    

 

Fig. 3 

Bórea enters the AB at B, transits through the Asteroid Belt, and its components, after the collision, enter 

the interior of the Solar System to revolve around the Sun in their elliptical paths. V in the picture is the 

vertex of the parabola.  

With the equation of the parabola in polar coordinates, it is possible to find the angles for the position 

vectors 
𝑟1 
→ y 

𝑟2
→ , and we get the values of 𝜃1 = 180o y  𝜃2 =66.4o   

With the form of the parabola in cartesian coordinates, 𝑦2 = 2𝑚𝑥 = 4𝑝𝑥  we find the length from (0,0) 

for the origin as lower limit, and for the point B (3.5, 4.58), as upper limit. Therefore,  

𝐿 =  ∫ √1 + [𝑓′(𝑥)]2 𝑑𝑥
3.5

0
 to find that the path in this trajectory is 17.52 AU. This result is above in 7.5 

AU of the result found for the spiral. 

I used the following integration formula: 
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Making a=1, p=2b, c=0.  

1 Groebner, W.; Hofreiter, N. Integraltafel, Unbestimmte Integrale, Springer Verlag 1965, p.27, 212.3a. 

2 Ibid. p. 37, 231, 4a.  

ADENDUM (Spiral) New consideration for the spiral trajectory inside the Asteroid Belt.  

To be honest, I do not feel that Bórea is passing over the elliptical path a trajectory of 20.5 AU, like 

suggested by Fig. 1. This path is too long for the portion of the ellipse in the Asteroid Belt. Besides, only 

with no friction, only with no collisions, with no obstacles, a body can maintain a smooth path on an 

ellipse. This is not possible in an infested area of asteroids that are supposed to be captured by the passing 

body like Bórea, especially when the asteroids move around the Sun with a differentiated speed that 

depends on the distance to the Sun. Considering this observation, I will revert to my original idea of a 

spiral trajectory inside de Asteroid Belt. How the body of Bórea approached the inner Solar System, could 

have been on an ellipse, or a parabola, or inclusive spiraling into it. 

Assuming that Bórea enters the AB after approaching on the ellipse of large eccentricity, as shown in Fig. 

1 above, ‘as soon as it enters the AB’ the body was drifting with the rest of the asteroids counterclockwise. 

At the far side of the AB, the drift speed is smaller, but increases as it approaches the Sun. Bórea had a 

good time at lower speed drifting on a spiral to accrete asteroids that left the 1.2 AU’s gap behind, and in 

addition for the other 0.6 AU. As Bórea increased in speed, it was leaving behind the gaps (drifting with 

the asteroids at those resonance places) and being pulled towards the Sun as its mass was increasing. It 

is possible that the concentration of the few asteroids at about 5.2-5.3 AU, remained in place because of 

the close presence of Jupiter, and that ‘many’ asteroids between 1.5 AU – 2.0 AU, were the objects that 

later can explain part of the bombardment that left the craters on the Moon and Mars. The gaps can be 

explained by Bórea entering in resonance with the asteroids at those places, spending some time in this 

resonance spots. The resonance gaps can be calculated eliminating the friction coefficient from the 

differential equation of the harmonic motion, that actually confirms the Third Law of Kepler. The spiral 

would provide a 10 AU path, according to the model I introduced for the spiral. The point here, is that 

once Bórea entered the AB, it did not continue crossing the AB on a path determined by the chosen conic, 

a spiral (or a more complicated path) must have taken place.  

In conclusion, my model must consider the trajectory inside the Asteroid Belt, regardless of how Bórea 

got there, but I tend to believe that, since Bórea is a body from the Kuiper Belt, that it approached the 

inner Solar System on an ellipse, following Kepler’s law.  

 



 

Fig. 4 

The circular sector between the circles Fig. 4, the first at 1.5 AU from the center and the outside at 5 AU, 

represent the Asteroid Belt. Bórea enters the AB at P and travels over the spiral, given in polar coordinates 

as 𝑟 = 5 − 0.7427𝜃 a distance of 9.95 AU.  

This polar equation fits perfectly to exit the AB at an angle of 3π/2 at a distance of 1.5 AU to the inner 

edge of the Asteroid Belt, where the planet Mars, a body of the AB, is waiting for the collision with Bórea.   

To find the distance traveled by Bórea in the AB, integrate for the length of the arc of the spiral between 

0o and 3π/2.  
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 The following integral can be used to find the value of the arc length 
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 Thus, the line tangent with the spiral at θ=3π/2 forms an angle with the horizontal of φ=26.34o. 

On the horizontal positive axis, se gaps in the Asteroid Belt that are in resonance with Jupiter are from 

right to left as seeing in the histogram in Fig.2 

Mark d (AU) Resonance 

P 5.2 1:1 

A 4.0 3:2 

B 3.3 2:1 

C 2.9 5:2 

D 2.5 3:1 

E 2.05 4:1 

At each point of the gap, a circle was drawn (center at Sun) around the Asteroid Belt. The spiral trajectory 

of Bórea, enters the AB at P, where Bórea probably stars ‘feeding’ from the asteroids immediately at entry. 

Bórea remains in the spiral trajectory accreting material during the time it remains between P and A on 

the spiral, cleaning from asteroids the space between P and A, according to the histogram in Fig. 2. As 

Bórea approaches the Sun its speed will increase, hence the trajectory between A and B is shorter, but 

the longest after the path from P to A. There is according to the histogram, and represented in fig. 4, a 

gap of around 0.7 AU to expect, compared with the PA path. The intersections with the gaps indicate a 

lesser time of Bórea in that resonance points. The resto of the proposal remains the same. At point Q, 

where Bórea enters the terrestrial zone, it is stricken by Mars (a body from the Asteroid Belt) and collides 

separating the Bórea in bodies constituent of the Terrestrial Planets. Further planetary research will have 

to show if these planets are not precedent from the Asteroid Belt.      


