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 Following the successful detection and 
classification of a hazard the next phase of 
operations would be mitigation of the threat 
of an impact from an asteroid or rogue 
comet.  Depending on the size, type, kinetic 
and rotation state, and lead time until impact 
of the hazard different types of mitigations 
could be considered in the trade space.  
Several technology options exist that 
ultimately could be used to defend the Earth 
against impact.  While each requires some 
engineering development to be viable, a 
qualitative analysis of the mitigation 
technologies can be discussed to compare 
the theoretical performance of each, both in 
terms of normalized specific impulse (ISP) 
and time to divert an object a safe distance 
away from the Earth during its encounter. 

There are two primary classifications 
of mitigations techniques, those that act near 
instantaneously on the hazard (e.g. kinetic 
impact) and those that provide a slow, 
constant effect on the hazard’s orbital state 
(e.g. solar sail).  Near instantaneous effects 
tend to have a constant normalized ISP as a 
function of the technology, while time-
dependent, long duration effects tend to be 
more efficient as a function of time. 

This discussion will cover a qualitative 
way of comparing the relative normalized 
ISP, a measure of efficiency as a function 
effective ΔV, imparted to the hazard for 
both mitigation classifications.  This 
discussion is not meant to determine which 
of the mitigation options are the best, but to 
present a basic understanding of the function 
of each related to the NEO problem.  The 
mitigation options analyzed include: kinetic 

impact, chemical propulsion, electric 
propulsion, solar sails, directed energy, mass 
drivers, nuclear detonation, and nuclear 
propulsion.  
 
Kinetic Energy  
 Kinetic impact delivery systems are 
the simplest of the options to be discussed. 
To provide an impulse to an incoming 
threat, an interceptor is accelerated and 
rammed into the threat to provide a 
characteristic change in the velocity of the 
object, ∆V. For best results, the change in 
velocity must be applied in the orbit 
direction of the threat preferably at its 
perihelion [Ahrens and Harris, 1994]. The 
magnitude of the ∆V depends primarily on 
the production and integrated velocity of 
excavated debris or ejecta produced by the 
impactor. The mass and velocity of the 
ejecta provides an impulse, which in 
addition to the momentum of the incoming 
projectile must balance the change in 
momentum felt by the threatening asteroid 
or comet [Ahrens and Harris, 1994].  
 Kinetic impact delivery are worth 
considering because on Earth, cratering 
efficiency due to impacts (ratio of the mass 
displaced relative to the projectile or 
explosive mass) may be 4 orders of 
magnitude greater than that due to chemical 
explosives [Ahrens and Harris, 1994]. As 
shown below, this high efficiency results in 
a far greater specific impulse ISPKE relative to 
currently available deflection technologies 
other than nuclear. The production of ejecta 
on asteroids depends primarily on two 
cratering regimes. For small craters, the 



strength of the target controls both its 
diameter and the momentum of its ejecta. 
On asteroids, this strength regime extends 
up to projectile diameters ranging from 6 
[Nolan et al., 1996] to 10 m [Greenberg et 
al., 1996] given projectile densities ~3000 
kg/m3 and impact velocities ~5km/s. For 
impact velocities ranging from ~40 km/s to 
5 km/s, the limit of the strength regime is 
defined by projectile masses ranging from 
~5×105 kg to 2×106 kg based on cratering 
efficiencies rule [Holsapple and Schmidt, 
1982; Housen et al., 1983; Holsapple, 
1993]. Most achievable intercept impact 
velocities will be on the order of 10 to 12 
km/s.  
 Larger craters are controlled by the 
gravity of the asteroid, which determines the 
escape velocity of the asteroid and, hence, 
the magnitude of the impulse generated by 
ejecta. Ahrens and Harris [1994] define the 
∆V imparted by a kinetic energy impact 
event velocity for an impact event as  
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where p is the impulse of the projectile, Mi 
and Vi are the mass and velocity of the 
kinetic impactor, and Mneo is the mass of the 
Earth-threatening asteroid. Using scaling 
relationships for strength controlled 
cratering [Holsapple and Schmidt, 1982; 
Housen et al., 1983; Holsapple 1993], 
Harris and Ahrens [1994] show that the 
impulse pKE is given by  
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where Y is the yield strength of the rock 
comprising the asteroid, ρ is the density of 
the asteroid and ρi is the impactors density. 
The value of Y can range from about 1MPa 
(soft rock or ice) to 100 MPa (hard rock). 
Using gravity scaling relationships, Harris 

and Ahrens [1984] find that in the gravity 
regime the impulse p is given by  
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where Vesc is the escape velocity of the 
asteroid. All variables are in SI units.  
The magnitude of ∆V as function of 
projectile mass is shown in Fig. 1 for impact 
into 1-km-dia. asteroid. The projectile mass 
required to deflect this asteroid by 1cm/s 
ranges from 1.2×105 to 1.3×106 kg for 
impact velocities ranging from 40 km/s to 5 
km/s.  
 Fragmenting rather than deflecting a 
potential asteroid threat may have serious 
implications for the survival of humanity on 
Earth. For example, impact scaling 
relationships [Holsapple and Schmidt, 1982] 
indicate that two smaller bodies will crater 
the Earth more efficiently than just one 
body. Furthermore, several authors [Schultz 
and Gault, 1982; Melosh et al., 1990] have 
shown that a significant cloud of fine debris 
impacting the Earth’s atmosphere may 
significantly increase the surface 
temperature, causing global wildfire as well 
as disastrous effects on animal life. Thus, 
when considering the kinetic impact 
technique for deflecting an asteroid, it is 
important to consider the risk of 
fragmentation. Several authors [Housen and 
Holsapple, 1990; Davis and Ryan, 1990; 
Ryan and Melosh, 1998] have shown that 
small asteroids become weaker to 
fragmentation as their size increases up to 
D<1–3km. This is because there are many 
more pre-existing weak flaws in a large 
asteroid versus a smaller one. When the 
asteroid size increases beyond 1 to 3 km, 
gravitational self-compressions deters 
fragmentation and strengthens larger 
asteroids. Asteroids, therefore, are their 
weakest around 1 to 3km in diameter.  
 



 
 
Figure 1. The deflection velocity ∆V achieved of a 
1-km-dia. asteroid as a function of projectile mass for 
three different impact velocities (upside down 
triangle– 40 km/s, diamond–10 km/s, circle–5 km/s). 
Open symbols are for impacts in the strength regime 
while closed symbols are for impacts in the gravity 
regime.  
 
 
 Holsapple [1993] indicates that the 
critical specific energy required to disrupt a 
1-km asteroid is ~106 ergs/g. A 40 km/s 
projectile that achieves a ∆V of 1 cm/s 
would probably disrupt such an asteroid (see 
Figs. 1 and 2). Slower projectiles traveling 
at 5 to 10 km/s (Figs. 1 and 2) are about an 
order of magnitude below this specific 
energy. However, this critical specific 
energy may decrease with decreasing impact 
velocity because of the dependence of 
tensile fracture on strain-rate [Housen and 
Holsapple, 1990; Davis and Ryan, 1990; 
Ryan and Melosh, 1998]. As a result, when 
considering the kinetic energy impact for 
deflecting a few kilometer diameter asteroid, 
a disruption analysis must be undertaken. 
However, the kinetic energy impact 
deflection technique is probably viable for 
stronger smaller bodies (D<1 km) without 
concern for fragmentation. The specific 
impulse ISPKE defined in Equation 4 is used 
to compare the impact technique relative to 
other mitigation options. Some values for 
this ISPKE are shown in Fig. 1.  

 

 
Figure 2. The specific energy of the impact (defined 
as the ratio of the projectile kinetic energy to the 
asteroids mass) as function of the projectile mass 
responsible for deflecting a 1-km-dia. asteroid by ∆V 
shown in Fig. 1. The horizontal line indicates the 
approximate critical specific energy that would 
suffice to disrupt a 1-km-dia. asteroid [see Holsapple, 
1993]. 
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The key technologies that would need to be 
developed to deflect asteroids by impact are: 
the targeting and terminal intercept system 
used for final maneuvers of the interceptor 
(or improved determination of projectile and 
asteroid orbits to within tens of meters a 
long time prior to impact), a delivery 
scheme that could provide the most mass 
and velocity for the least cost, and an 
accurate way to ensure that the impact 
occurs along the center mass of the threat in 
its orbit direction (to avoid momentum 
transfer tangential to the orbit direction). 
Other factors that could significantly 
influence the production and velocity of 
ejecta during cratering, but which have not 
been included in the above analysis, are the 
physical characteristics of the target asteroid 
(beyond its mass and strength) such as its 
porosity and volatile content. Initial studies 
[Asphaug et al., 1998] indicate that an 
increase in the macroscopic porosity of an 



asteroid will increase the velocity of ejecta 
excavated, although the total amount of 
ejecta excavated should be reduced [Cheng 
and Barnouin-Jha, 1999].  
 Oblique impacts may also be viable 
for deflection but require more study. Such 
im- pacts increase the production and 
velocity of ejecta excavated early in the 
cratering process [Schultz and Gault, 1985; 
Schultz, 1999], but re-duce the total 
production of ejecta [Gault and Wedekind, 
1978] and the chances of disrupting an 
asteroid [Cheng and Barnouin-Jha, 1999].  
 
Chemical Engines  
All forms of propulsion, solar sails, and 
mass drivers in practice use the same 
delivery system and perform basically the 
same function. In all cases these objects 
must be soft-landed onto the threat, 
effectively “bolted on,” and then perform a 
propulsion maneuver over a period of time 
to produce a large enough ∆V to change the 
course of the body. From this common base, 
the technologies then diverge somewhat in 
their efficiency and performance.  
 Traditional chemical propulsion 
systems perform a series of short, 
“impulsive” burns to provide the needed ∆V. 
These devices typically have an ISP of 200 
to 500 s, and provide a large amount of 
thrust in a short period of time. This is an 
advantage because the asteroid will most 
likely have an arbitrary rotation that would 
make continuous thrust difficult. Before this 
maneuver can be performed, however, it is 
important to know the location of the center 
of mass of the body, and provide most of the 
thrust through this point. Otherwise much of 
the energy used by the thruster will provide 
rotational, not translational, acceleration. 
Chemical propulsion systems are well 
developed and are only limited in the ∆V 
they can provide by the amount of fuel they 
carry, and the rated life of the engine. 
Cryogenic fuels such as liquid oxygen/liquid 

hydrogen should not be used because of the 
long mission times involved.  
 The velocity change that a chemical 
thruster can apply to a system, ∆VCE, is 
dependent on the size of the system, the 
amount of fuel burned, and the efficiency of 
the engine.  
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In Equation 5 C* is the effective exhaust 
velocity of the fuel, where C* = ISPCE · go. 
Also, ME is the mass of the chemical 
thruster payload without fuel in kg, Mf is the 
mass of the fuel, and go is the Earth’s 
gravity at sea level.  
 
Electrical Thrusters  
 Electrical propulsion systems differ 
from chemical ones in that they are much 
more efficient, but provide less thrust. 
Therefore, electrical systems must burn for 
days, months, or years to provide the same 
∆V as chemical. In addition, the continuous 
nature of their thrusting would require thrust 
vector control and power cycling to account 
for the rotation of the body. A large power 
source would also be needed to provide 
energy to the thrusters. ISPs for these 
systems can range between 1000 to 10000 s; 
therefore, less fuel would be needed for 
them. Finally, the technology to build large 
electrical propulsion systems is not well 
developed at this time, so some technology 
development must be performed to make 
this a viable option.  
 As with chemical thrusters, electric 
thrusters provide velocity changes as a 
function of initial and final system masses 
and exit velocity.  
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Here, the mass of the engine, ME, is much 
more significant than for chemical systems 
since a large portion of mass is consumed by 
the engine power plant. The more power put 
into an electrical thruster, the higher the ISP.  
This relationship is presented in Equation 7, 
where τEP is the thrust produced by the 
engine, η is the dimensionless thrust 
efficiency of the engine, and Pin is the power 
put into the system in Watts:  
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Solar Sails  
 Of the options available for impact 
hazard mitigation, solar sails would require 
the most development to achieve an 
acceptable state of readiness. To date, no 
satellite has used solar sails as a primary 
form of propulsion. However, in the future 
solar sails could provide an extremely 
efficient use of mass to mitigate the hazard 
of impacts.  
 The two main problems associated 
with solar sails are the complex harness that 
would be required to attach the sails to an 
arbitrary rotating body and the large size 
needed to produce any significant 
acceleration. A solar sail needs to maintain a 
certain angle of incidence to the Sun to 
provide translational thrust in the proper 
direction. If the body were not rotating, this 
would be a workable problem. The weight 
of a gyroscopic, low friction harness might 
negate any mass efficiency effects that a sail 
would provide. In addition, the area of the 
sail would need to be extremely large to 
provide any significant amount of ∆V to the 
threat, making the chance that a rip in the 

thin sail could cause system failure that 
much more probable.  
 The change in characteristic velocity 
that a sail can provide is a linear function 
with respect to time, simply the acceleration 
of the sail-payload system multiplied by 
time. ISP for a solar sail, also a function of 
time, is presented in Equation 8. Thus, the 
more lead time available the more efficient a 
sail would be. Sails could theoretically move 
virtually any size body given enough time 
and sail area. However, these are probably 
not feasible options unless a risk reduction 
development plan is initiated well in 
advance of their use.  
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Here τSS is the thrust produced by the sail, 
Wps is the weight of the sail and its 
supporting structure in kg, U is the distance 
of the sail from the sun in astronomical units 
(AU), θ is the angle of incidence of the 
Sun’s rays, A is the area of the sail in meters, 
and po is the solar radiation pressure at the 
Earth’s solar radius, defined to be 4.6E-06 
N/m2.  
 To determine the mass of the sail, a 
dimensionless variable called the lightness 
factor, λSS is specified. The lightness factor 
is used as a primary indicator for the 
performance of a solar sail [MacNeal, R. H., 
1972]. When λSS =1.0, then the gravitational 
attraction of the Sun is exactly balanced by 
the radiation pressure. The equations for the 
mass of the sail, MSS, and the lightness 
factor are presented in Equations 10 and 11.  
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In Equation 11, FG is the gravitational 
attraction of the Sun on the sail at 1 AU. 
Some example lightness factors include: 
~0.5 for state-of-the-art (0.08 mil 
polycarbonate with 1500 Ao aluminum 
coating), ~1.0 for modest improvements 
over state-of-the-art (15-year development 
time), ~2.0 for significant improvement over 
state-of-the-art (40-year development time).  
 
Directed Energy  
 Directed energy options include lasers 
or solar collectors. Both options beam 
energy onto an incoming threat to create 
outgassing, pressure, or vaporization of parts 
of the body to create either ∆V or 
fragmentation of the threat. This method is 
more effective against icy comets than 
metallic asteroids. Whereas solar collectors 
(reflects concentrated sunlight onto the 
body) would need to be in close proximity to 
the hazard, a laser could be ground based.  
 The engineering challenges of both are 
significant. Large solar collectors would 
have to be developed that maintain their 
orientation to the Sun and concentrate the 
solar energy at the same location on the 
rotating object. Powerful lasers do not 
currently exist to properly illuminate the 
target. Energy sources would have to be 
developed to power the laser again on a 
rotating object. Both systems would require 
an extremely accurate tracking system to 
keep a beam focused on the threat. 
Equations for the use of these technologies 
can be found in Melosh, H. J. et al. [1994].  
 
Mass Drivers  
 Mass drivers use the threat body’s own 
mass to provide a propulsive thrust. Once 
landed, pieces of the asteroid are mined and 
accelerated into escape velocity by the 
driver in a particular direction to provide 
thrust. This technology is not well defined, 

and would require complex low-gravity 
mining techniques that are not yet known. 
One advantage of this system is that the 
longer a mass driver operates the higher its 
ISP, since no fuel should be used in the 
process. It is unclear how the large amounts 
of energy required to mine and accelerate 
the material will be produced.  
 
Nuclear Detonations  
 For large hazards or short lead times, 
nuclear detonations are the only possible 
mitigation option in the near future. In terms 
of sheer efficiency, a nuclear detonation will 
provide the most ∆V for the least amount of 
weight of any system proposed here, given 
reasonably short mission times. No other 
device currently proposed can release the 
kind of energy per mass that a nuclear 
device can. Isps, while varying sharply as 
the yield of the device increases, are on the 
order of 1 × 106 to 1 × 107s. For large 
hazards 1 km and over, this might be the 
only option available in the near future.  
 For hazard mitigation using detonation 
nuclear weapons, the device could be 
delivered in three ways. A weapon could be 
detonated in a standoff position close to the 
threat, causing portions of the body to melt 
and shear off providing change in the body’s 
orbit. A device could be soft-landed and 
detonated causing cratering and ejecting 
mass into an escape velocity to produce a 
thrust. Finally, a device could be buried to 
either cause cratering or fragmentation of 
the threat into smaller pieces. This final 
option would either require a complex 
lander and low-g mining operation, or a 
penetrator with enough closing velocity to 
bury the device to sufficient depth before 
detonation.  
 A technological threshold that must be 
achieved before implementing any nuclear 
strategy for hazard mitigation is to 
understand how nuclear devices may 
fragment an asteroid. As discussed in the 



impact section, blowing a threatening 
asteroid apart while trying to deflect it may 
prove to be as grave a hazard as the original 
non-disrupted asteroid. Thus, when 
considering a nuclear strategy, methods to 
analyze the risk of disruption must be 
developed which ensure that, if an asteroid 
disrupts, the ∆V of most fragments avoids 
the Earth.  
 
Standoff Detonation  
 Determining the change in velocity a 
standoff detonation will provide is difficult 
to determine because the geometry of the 
hazard plays such a large part in the 
equations, and this is generally not well 
defined until an imager can perform a 
detailed observation of the asteroid or 
comet. Another difficulty is getting the 
irradiated shell to blow off the body in a 
controlled direction. Ahrens, T. J. and 
Harris, A. W, [1994] goes into great detail 
about the equations used in determining the 
impulse created by an explosion. From these 
equations the specific impulses shown in 
Fig. 1 were derived.  
 
Surface Detonation  
 In terms of efficiency, the surface 
detonation option provides the most ∆V for 
the least amount of mass delivered. As 
mentioned earlier, standoff detonations have 
a large amount of uncertainty in total 
impulse since the geometry and material 
composition of the body helps to determine 
the amount of energy imparted through the 
system. Although the mass of the buried 
device is equivalent to that of a surface 
detonation, the delivery system would be 
more complex and massive.  
 The change in velocity imparted by a 
surface detonation is equal to the momentum 
impulse, p, of the explosion divided by the 
mass of the hazard minus ejected mass, 
shown in Equation 12.  
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The velocity change is in km/s and Mej the 
amount of material ejected from cratering 
caused by the explosion in kilogram.  
 
Buried Detonation  
 Whereas buried detonation can be 
used to cause cratering effects similar to 
surface detonations, they are primarily used 
for fragmentation of a body. The size of the 
explosive charge needed to fragment a body 
is dependent on the size of the hazard, its 
material composition, and the depth of 
burial. Analyses of buried detonations are 
discussed in Ahrens, T. J. and Harris, A.W, 
[1994]; Simonekno, V. A. et al., [1994], and 
Shafer, B. P. et al., [1994]. If it is 
determined that a body is too large, or too 
little time is left to deflect it away from 
Earth using any of the techniques mentioned 
here, fragmentation is the last option. 
Though many critics state that fragmenting 
an object could cause more damage than the 
single body would, the increased surface 
area created by fragmenting a body allows 
atmospheric friction to erode more of the 
threat before impact, thus lessening the 
energy released from the bodies at impact. 
 
Nuclear Engines  
 Another option that uses nuclear 
technology is that of nuclear engines. 
Nuclear engines have a higher ISP than that 
of chemical engines (around 800 to 2500 s), 
thus requiring less fuel. A nuclear thermal 
rocket simply heats propellant in a reactor, 
then expands it through a nozzle to produce 
thrust. The same equations for ∆V and ISP 
used for chemical thrusters can be used for 
nuclear engines.  
 
Comparison of the Various Mitigation 
Techniques  
 The non-nuclear technologies 



discussed provide an array of options for 
smaller bodies. Propulsive technologies such 
as chemical, electric, solar sails, directed 
energy, and mass drivers would only be 
effective against smaller bodies. For larger 
bodies the amount of fuel needed would 
become too large to launch into orbit. Some 
key advantages of the propulsive 
technologies are that a low risk of 
fragmentation of the threat exists, and 
chemical systems are already well 
developed. However, the delivery system 
that would carry the thrusters to the hazard, 

soft land them on the body, strap them on, 
and control their operation would require a 
lengthy and costly development program.  
 Using the equations already presented, 
two figures have been generated to compare 
the efficiencies of the differing technologies 
as a function of mission duration and the 
diameter of hazard that can be deflected for 
a given time until impact. In Fig. 3, both the 
instantaneous and time-dependent specific 
impulses for each mitigation technique is 
presented.  

 

 
Figure 3.  Specific impulse of divert technology 
versus mission duration.  Assumes mitigation 
technology already at hazard. C is the figure of merit 
for electric propulsion. λ is the lightness factor for 
solar sails. 
 
 Nuclear propulsion has been classified 
as continuous thrust, as have electric 
thrusters. However, both can become 
pseudo-impulsive since they have a limited 
supply of fuel. This figure assumes that the I 
of the electric case is variable as a function 
of mission duration, but is constant for 
nuclear engines.  
 As this figure shows, the most 
efficient way to divert an incoming threat is 
by nuclear detonation. Both have normalized 
ISPs 2 to 3 orders of magnitude greater than 
their closest non-nuclear alternative. Kinetic 
energy impacts, chemical propulsion, and 
nuclear propulsion have a constant ISPs 

whose value is a function of the equations 
presented earlier. They tend to have low ISPs 
compared with the other options available. 
For short mission lead times, electric 
thrusters are more efficient than solar sails; 
however, this changes quickly as lead time 
increases. Mass drivers and directed energy 
were not included in this figure because 
equations to normalize their ISPs could not 
be computed.  
 Figure 4 compares the time it takes to 
move an object of a given diameter the 
radius of the Earth for each different 
mitigation technique.  
 

 
Figure 4.  Diameter of incoming hazard versus time 
until impact. Assumes that mitigation technique is 
already at hazard. 
 
For Fig. 4, the ISP is held constant for the 
electric case. Other assumptions used to 
generate the figure include:  
1. Assume hazard is a spherical body with 



an average density, ρ, of 3000 kg/m3. 
Thus, the object’s mass, in kg, is 
determined by the equation:  
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2. Three equations are used to determine 

the relationship between diameter and 
time until impact depending on the type 
of technology and the amount of lead-
time. For short duration periods (less 
than one year) the equation used is:  
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where T is the time until impact and δ is 
the amount of deflection needed (for all 
cases assumed to be 7000 km). For long 
duration (greater than one year) impulsive 
options the equation used is:  
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This equation is used to account for the 
mean rate of drift imparted by an impulse 
applied tangentially to the orbit, in the 
orbit plane.  
 For long duration continuous thrusting 
maneuvers the equation used is:  
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where τ is the thrust of the mitigation 
technology in kg-km/s2.  

3. A Boeing Delta IV launch vehicle is as- 
sumed to be used to deliver the 
mitigation package. The current estimate 
is that this vehicle has the capability to 
place 15000 kg into a geostationary 
transfer orbit. From this, it is assumed 
that the launch vehicle can place 12000 
kg of useable payload into a rendezvous 
orbit with the threat. Of this 12000 kg, it 
is assumed that 90% can be used for 
kinetic energy impacts (the rest is 
consumed in midcourse burns, final 
attitude adjustment, and other equipment 
needed to target the body). For 
technologies that require standoff or 
surface deliverable payload, it is 

assumed 75% of the 12000 kg is usable 
payload. For those technologies 
involving soft landings only 50% of the 
payload can be used for deflection.  

4. To generate the kinetic impact line, a 
10800-kg body impacting a hazard at a 
terminal velocity of 40 km/s is assumed. 
This analysis assumes the hazard would 
remain intact, all energy was imparted 
tangential to the orbit in the orbit plane, 
and the mass of ejected material was 
negligible compared to the mass of the 
body. Using Equations 1 and 2 in 
conjunction with Equation 13 for periods 
less than 1 year and Equation 14 for 
periods greater than one year produced 
the green line shown in Fig. 4.  

5. For chemical thrusters Equation 4 was 
inserted into Equation 13 for periods less 
than one year and 14 for those greater 
than one year. Using the assumptions 
that only 6000 kg of usable payload 
could be soft landed on the hazard, the 
ISP for the engine is 300 s (approximately 
the ISP of the Apollo lunar decent 
engines), and that all of the landed mass 
was fuel (ME = 0), the blue line in Fig. 4 
was created. Again, all energy imparted 
to the system was translational tangential 
to the orbit in the orbit plane. 

As with Fig. 3, the most promising 
technique is shown to be nuclear detonations 
for large diameter objects or short lead 
times. Very high-speed kinetic energy 
impacts also seem to be highly desirable, but 
an impact at 40 km/s might cause a 
disruption of a body. Lower speed impacts, 
while safer, would not be able to divert as 
large of objects as shown in the figure. The 
break in the electric thruster line is the point 
at which the engine’s fuel runs out.  
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