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 As has been widely discussed recently, out planet may 
become a probable target for asteroids. We consider 
several scenarios proposed to prevent asteroid colli-
sions with Earth. The asteroid 99942 Apophis is consid-
ered as a typical representative. Among others, the 
recent “gravitational tractor” scenario proposed in [2] is 
discussed. For a simplistic toy-model we obtain esti-
mates for both the mass of the tractor and the amount 
of fuel required to tow a potentially dangerous asteroid 
o�-course so as to avoid a collision with the Earth. In ad-
dition, we analyze two more scenarios titled “sling-shot'' 
and “bumping'', and comment their relative e�ciency 
compared to the “towing'' scenario. Based in the analy-
sis, the bumping scenario looks most promising.

Several Hollywood �lms depict scenarios where the 
earth is in danger of asteroid impact which often re-
sults in a successful annihilation of the asteroid or 
catastrophic terrestrial damage. It is also commonly 
believed that the Earth has been hit by many aster-
oids in the past, one of which lead to the extinction of 
the dinosaurs. This means that asteroids pose a very 
real threat. A looming example of this threat would 
be the 99942 Apophis asteroid which may very well 
collide with the planet Earth in 2029, and if not, then 
possibly in 2036. (See animation).
In the light of this, de�ecting asteroid 
rather than exploding it looks more promis-
ing; especially taking into account that the 
required angle is very small, α ~ 10-5 rad. 
Assuming the following framework:

• The reference frame is associated with 
Earth, so that Earth is stationary,
• The asteroid, if not acted upon, is on a 
straight collision course with Earth,
• The relevant parameters - including 
those of the asteroid - are given in the table 
in the analysis section.

We discuss three major scenarios: “the 
gravitational tractor”, “the sling-shot de�ec-
tion” and “the bumping scenario”. For each 
scenario, we estimate the needed resources 
and comment on technological feasibility 
thereof.

 

 

 

 

 

 

 

 

-Gravitational Tractor [2]

-Bump Method

-Sling-shot Method

+Asteroid is being deflected by the gravita-

tional pull exerted by a spacecraft of mass 

m flying alongside at a constant distance 

d away from the asteroid.

+Use massive obstacles (a space 

craft) to slow the asteroid down 

thus making it miss the Earth. (The 

analysis is performed in the helio-

centric reference frame.)

+Use particle scattering in a gravita-

tional field [4] to deflect the aster-

oid. The spacecraft plays the role of 

a projectile.

+A case similar to Gravity Assist.
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We have considered several possible scenarios for de�ecting potentially dangerous asteroids o� their 
collision course with the Earth and estimated the minimum required mass of the spacecraft, as well as 
the amount of fuel needed during the de�ecting stage. Remarkably, the mass of the fuel (when appli-
cable) and the mass of the ``bump'' in the bumping scenario turned out to be of the same order of mag-
nitude given by  .
where α is the de�ection angle, M and V are the mass and speed of the asteroid. The denominator,  , is 
either the exhaust speed of the fuel (in the scenarios involving engines)  or  the sideways (orbital) speed 
of the Earth. Typically, the mass of the spacecraft (in the corresponding scenarios) is by an order of mag-
nitude greater than that of the fuel. In the light of this, the bumping scenario looks much simpler and 
cheaper, as it only requires placing the bump at the “appropriate'” location. Although that might be a 
non-trivial task, it still avoids many complications associated with spacecraft maneuvering. Although 
the gravitational towing scenario may be e�cient in de�ecting an asteroid away from a “key-hole”', it is 
less so when a de�ection by a radius of the Earth is required.

In order to minimize the mass of the fuel in the engines-based scenarios, one should aim at a greater  . 
In that sense, engines with greater vrel, but not necessarily with greater mass rate dm/dt, would be pre-
ferred. Comparative analysis of the “towing” and “pushing” scenarios (see [1] and [2]) indicates that in 
general, towing is more promising. Pushing, however, may be more e�cient in case of a weak gravita-
tional pull. For there is no limit on the pushing force, while the towing force (force of gravity between 
the tractor and the asteroid) should not be exceeded by Fthrust so as to not to break the “tow-line”'. We 
note, however, that in the two examples discussed above, FG ≈ Fthrust ≈ 100-1000 (newtons).

A few additional remarks are in order. In [2], they took into consideration the fact that the thrust must 
not interact with the asteroid's surface (i.e. the thrust must be vectored so that it does not exert a force 
on the asteroid's surface, thus ensuring that the distance of separation does not increase, or the force of 
gravity between the two bodies is not canceled out by the thrust). We however did not take this into 
consideration, which would mean that a slightly greater thrust would be needed, thus more fuel must 
be used. 

To summarize, the results of the paper suggest a feasible way of preventing asteroid collisions with 
Earth. Despite a common impression that the best strategy would be using high-yield explosives, we 
considered a few interesting de�ecting possibilities. The most economic and promising one is the 
“bumping scenario”, where the asteroid is simply slowed down so as to give Earth enough time to move 
along its orbit and thus avoid a disastrous collision.

Gravitational Tractor: If the “tractor” is heavy enough (m) 
to exert a substantial gravitational pull on the asteroid 
and if it carries a su�cient amount of fuel (Δm) to sus-
tain the path the asteroid can be successfully de�ected. 
Based on our work in [1], the required values are: 
m=8.48•10  kg and Δm=7.53•10  kg. For comparison, the 
mass of the NASA space shuttle is 2.03•10   kg.

Sling-shot De�ection: The advantage of this scenario is that the “projectile” does not have to be aimed at the asteroid very precisely. Feasi-
bility of the method can be judged by estimating the distance at which the spacecraft should pass by the asteroid (impact parameter), as 
well as its speed relative to asteroid. Assuming the impact parameter to be comparable with the size of the asteroid of order of 100m, the 
estimated space craft speed should be v=0.0895 m/s. Unfortunately, this is less than the escape speed, which implies that the space craft 
will fall on the asteroid. This naturally leads us to the

Bumping Scenario: Use massive obstacles (a space craft) to slow the asteroid down thus making it miss the Earth. (The analysis is per-
formed in the heliocentric reference frame.) The heavier the obstacle the greater slow down it would cause. The success of the mission is, 
of course, dependant of the orbital speed of the Earth, which comparable to that of the asteroid. A su�cient slow down would be realized 
if the mass of the bumping space craft is at least m ≈ αM = 5.25•10  kg.
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Typical numerical data relevant for a collision problem.The mass and 
speed of a typical asteroid correspond to those of 99942 Apophis.


