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Deflecting an Earth-Impactor 

 
A strategy for altering the course of an Earth-threatening body and preventing global 

catastrophe 

  

by Sir Charles W. Shults III 

 

 The scenario is all too common today in science fiction movies- an asteroid or 

comet is on a collision course with the Earth.  What, if anything, can we do about it? 

 Typically, they send a spacecraft carrying a nuclear device to destroy the asteroid 

or deflect it from its course.  In real life, this is almost certainly not going to work.  Even 

if we had a weapon powerful enough to destroy the asteroid, the pieces might prove far 

more destructive than a single body. 

 And deflecting an asteroid is a job for a large thruster of some sort, not a small tap 

from an explosive device.  To see why, we need to know some basic facts, such as the 

mass and speed of an incoming asteroid, how much of a change we would have to make, 

and what sort of energies we have to work with.  Let’s get some numbers in hand first, so 

we can explore the options and then design a workable strategy. 

   

A few facts about our Earth 

   

 Consider that the Earth is a moving target.  It is constantly on the move around 

the Sun, and it is a small target compared to the size of its orbit.  However, there are 

enough asteroids in space near us that they pose a significant threat.  The size of the Earth 

is the first thing to deal with, then its orbit and how fast we are moving. 

 The radius of the Earth is 6369 kilometers.  If an asteroid is headed toward us, this 

is the maximum distance that it would have to be deflected in order to miss hitting us.  

Compare this to the radius of its orbit around the Sun- 148.8 million kilometers- and you 

can see that we are tiny in comparison.  So how fast are we moving through space? 

 If you calculate the circumference of the orbit, you see that it is about 935 million 

kilometers.  Each year, our planet traces out a path that long around the Sun.  If you 

divide this by the length of the year (using 365.24 as a good estimate), you find that each 

day we travel 2.56 million kilometers along that orbital path.  This is happening all the 

time, and this number is an estimate. 

 During the course of the year, our planet moves closer and further from the Sun, 

depending on the season.  All numbers used here are averages or approximations based 

on average figures.  In reality, the numbers might be different, but not drastically so.  We 

can’t provide exact solutions for this discussion, but estimates will provide us with some 

useful working figures. 

 Now, if we divide this distance by the number of seconds in a day, we discover 

that the Earth’s orbital speed is 29.6 kilometers per second.  We are moving at a 

respectable speed through space, far faster that we might imagine.  Knowing our speed, 

the next question is, how long does it take the Earth to “get out of the way” of a particular 

volume of space? 

 Given the radius of the Earth, we divide it by the speed and discover that if we 

treat the planet as a bull’s eye, we only need to move as much as one planetary radius to 
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be out of the way.  This works out to about 215 seconds.  In other words, if an asteroid 

were headed at the Earth, ready to hit it dead center, we would only need to deflect it 

6,370 kilometers to one side, or to speed it up or slow it down by 215 seconds or so. 

 This isn’t much really, so it should be a simple task, right?  So let’s find out what 

we should know about asteroids and then we can assemble the data into a clear picture. 

   

Learning a few facts about asteroids 

 

 Asteroids are moving in their own orbits, and some are moving at a fairly sedate 

speed compared to us.  Others, however, may be moving in at large angles or even in 

reverse (retrograde) orbits.  This can create some immense velocity differences.  We 

know that an asteroid may strike us with a differential speed of from 12 to 70 kilometers 

per second. 

 This is quite a spread.  Let’s choose the middle ground for convenience’ sake.  

Given a “bull’s eye” shot and a 90° incoming angle, the velocity may be about 40 

kilometers per second relative to our movement.  Let’s use this as a good rough figure 

and proceed from there. 

 Next, we need to know how much lead time we will have when a threat is 

discovered.  Most asteroids that are a threat are discovered a mere six weeks before they 

pass near us.  Of course, they tend to be smaller asteroids, in the 100 meter range.  Larger 

bodies are more easily spotted and give us more lead time. 

 Ideally, we would want a few years lead time, so for now, let’s try figures for a 

year and see what happens.  We do have precedence for this, as there is an asteroid that is 

thought to be a threat in the year 2017.  This gives us plenty of lead time, and plenty of 

time to come up with a plan. 

 But the average time is likely to be much shorter than this.  We will try numbers 

for shorter times once we have explored the options and then we will see what sort of 

threat is within our capability to handle. 

   

Modeling the flight path 

 

  Given the one year lead time and a speed of 40 kilometers per second, how long is 

the flight path of the incoming asteroid?  One year is 365.2422 days, and I will ignore the 

fraction.  Rounding to 365 days, and knowing that there are 86,400 seconds in a year, that 

gives us over 31.5 million seconds, and for every second our nemesis is moving about 40 

kilometers.  This means that the free path length is about 1.26 billion kilometers. 

 Notice that in reality, the paths are curved, the velocities are constantly changing, 

and nothing is as neat and clean as the math might suggest.  But for our purposes, we can 

treat this as a long, straight incoming path and then use this to calculate the angle of 

deflection that we must be able to achieve.  This step allows us to go around some 

otherwise messy calculus and still get a realistic answer.  The bottom line is that from the 

standpoint of the impact, the model still works the same. 

 Now, if we have a flight path of 1.26 billion kilometers, and we must deflect the 

body so that it will be 6370 kilometers to one side, we see that this is only roughly 0.8 

seconds of arc.  Let’s be generous and call it one arc-second.  This will give us a good 

safety margin. 
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 Alternatively, we can slow the asteroid down a bit and this will act in a two-fold 

manner.  Slowing it also deflects it using the Sun’s gravity, and it makes it get to us after 

we have already moved along our orbit.  Since we are out of the way in 215 seconds, let’s 

round up and slow it four minutes even- that gives it a 240 second slowdown. 

 In 240 seconds, with a relative speed of 40 kilometers per second, we see that our 

incoming asteroid will cover 9600 kilometers.  We will not be winning any races against 

something that moves that fast, but we can get out of its way (or vice versa) and then this 

speed will be of no consequence. 

 However, over the course of a year, we need to shave off 9600 kilometers over a 

total flight path length of 1.26 billion kilometers.  This is a speed difference of only 25 

meters per second, if we can do it immediately.  But the longer it takes to make this 

change, the less effective the change will be.  Just to be on the safe side, let’s double that 

and gain ourselves a good margin (and time to make the changes as well).  You will 

shortly see why this is necessary. 

 So we want to make a 50 meter per second change in speed for a body of some 

unknown mass.  Obviously, we need to have some idea of just how massive an asteroid is 

to estimate how much power we are talking about. 

   

Calculating the mass of an asteroid 

 

 Since we do not know just how big our asteroid will be, I will pick two typical 

sizes and we can calculate how much energy we need in each case.  I will select a 100 

meter diameter asteroid (since these are ten times as common as the one kilometer sized 

bodies, and far more likely to be encountered) and also a one kilometer sized body. 

 We will use a spherical body for this example.  To calculate the volume of a 

sphere, you use the formula: 

 

V = 4/3 π r ^3 

 

 where V is volume and r is the radius of the sphere.  Real asteroids are generally 

oblong and irregular and will have less volume than a sphere, but this will work to our 

advantage. 

 The volume of a 100 meter asteroid is roughly 5.236 x 10^5 cubic meters.  A one 

kilometer diameter asteroid will be ten times the diameter and one thousand times the 

volume, or 5.236 x 10^8 cubic meters.  Now we need to know the density of such a body. 

 Most asteroids are a mixture of metals, stone, and lighter mass “carbonaceous” 

materials.  I will assume an almost solid metal body for our numbers.  Iron, cobalt, and 

nickel are the most common metals present in metallic asteroid bodies, and they have an 

approximate density of 8 grams per cubic centimeter. 

 Metric measurements show their flexibility here- a cubic centimeter is exactly one 

millionth of a cubic meter.  This means that if we multiply 8 grams by a million, we end 

up with the mass in metric tons per cubic meter.  In this case, we see a mass of 8 metric 

tons per cubic meter. 

 Right away, we can see that a 100 meter diameter asteroid made of nickel-iron 

will have a mass of about 4.189 x 10^6 tons.  Similarly, the one kilometer asteroid of the 

same composition will mass 4.189 x 10^9 tons.  Now that we have mass figures, and 
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since we have already calculated our change in speed, we can calculate the energy 

required to produce the changes. 

   

Working out the power requirements 

 

 Once again, I must stress that the figures are highly dependent on the speed, mass, 

and lead time that we have to work with.  Also, since we are applying the changes over 

time, they will have to be about twice what we calculate for an immediate change of 

speed or direction, because the cumulative effects follow a squares law curve, rather than 

a linear curve. 

 This is because displacement is a square function dependent on time.  The 

formula for displacement is: 

S = ½ AT^2 

where S is displacement, A is acceleration, and T is time.  Note the square term for the 

time.  This means that we cannot just apply a total change of velocity over a year and 

expect the results to be anywhere near correct.  Instead, we must treat this the other way 

around.  We want to look at this as moving the asteroid the radius of the Earth in a year’s 

time. 

 The challenge is to make the asteroid move a total of 6,370 kilometers, so that 

will be S.  We must do it in a year, and that would be 31,536,000 seconds.  That is the 

value of T.  Dividing (2 x S) by T^2 yields A, our acceleration that we must apply.  The 

result is 1.281 x 10^-8 meters per second per second.  This does not seem like much, but 

consider that we have a very significant mass to apply this to. 

 We can now use a very simple equation, force = mass times acceleration, or 

F=MA.  Since we already know the acceleration and the mass, we can determine the 

force that we must apply very easily.  Using the MKS system and multiplying our 

acceleration (1.281 x 10^-8) by the mass of the 100 meter asteroid (4.189 x 10^9 

kilograms) we obtain a force of only 53.7 newtons! 

 Furthermore, we know that since we applied an acceleration for a year, it will 

change the speed of the asteroid in a known manner.  That speed will be time multiplied 

by acceleration.  Simple to work out, our asteroid is now moving 0.404 meters per second 

faster (or slower) than it was to start with. 

 A change of velocity of one meter per second for a single kilogram requires one 

newton of force.  We have determined the force needed to make the necessary changes to 

the asteroids course.  Now, we must see how much energy this takes, and that is 

measured in joules. 

 To convert from force to energy, we need to know the distance the force is 

applied over.  A joule supplies one newton of force across a distance of one meter.  This 

is the same as a watt for one second; in fact, a joule is often referred to as a “watt-second” 

and the two units are used interchangeably. 

 So to get this asteroid to deflect from its path and prevent a collision with Earth, 

we must apply about 53.7 newtons to it over the course of a year.  During that year, the 

asteroid will be moved 6,370 kilometers.  We know that force multiplied by distance 

results in energy, so 6,370 kilometers multiplied by 53.7 newtons will yield 3.421 x 10^8 

joules. 
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 Likewise, to deflect its big brother, we must supply 3.421 x 10^11 joules.  If we 

have only a year lead time from the time we start applying the thrust, there is no way to 

provide an adequate course change with less power than this, assuming a center of target 

impact is projected. 

 Now, let’s look at how to create thrust and move a body in space.  Then we can 

examine the yields from various forms of power that we have available that might 

conceivably be used to try and save our planet. 

   

What is thrust and how do we create it? 

 

  Any time we wish to move something, we have to apply power to it and as it 

moves, work is performed.  Thrust is the applied power that produces movement and is 

rated in various units.  Newtons are by far the most popular with physicists.  This is why 

newtons were used in the above calculations, and one thing that will make this math 

much simpler to follow. 

 Thrust follows one of Newton’s most basic laws- for every action, there is an 

equal and opposite reaction.  When thrust is applied to something, it will change the 

velocity of the object it is applied to.  Likewise, something else must be moving in the 

opposite direction with an equal amount of force. 

 The basic force formula is F = MA, where F = force, M = mass, and A = 

acceleration.  Since force is the product of mass and acceleration, you can clearly use a 

small mass with a large velocity to move a large mass with a small velocity.  As long as 

the products are equal and opposite, the results are correct.  To clarify, it takes the same 

amount of force to move ten kilograms at one meter to per second as it does to move one 

kilogram at ten meters per second. 

 How do we create thrust?  Usually this is done by ejecting material.  The material 

can be heated to high temperatures and exhausted from a rocket nozzle, for example.  

This is most often done by direct heating- a chemical reaction will provide extremes of 

temperature that heats the material and makes it expand explosively.  Chemical 

combustion is the single most common form of rocket propulsion. 

 In some cases, the material is ejected after being electrically accelerated.  A 

perfect example of this would be an ion thruster.  In ionic thrust, a material is vaporized 

and stripped of electrons, making it electrically charged.  The thruster creates a very high 

voltage electrical field which accelerates the ionized material (known as a plasma).  Once 

the atoms of the plasma are moving at very high speeds, they are electrically neutralized 

and then ejected from the thruster in the same manner as a rocket engine. 

 Ion thrusters are extremely efficient and can reach very high velocity, but they 

have one flaw.  They are very low thrust devices, and must be operated continuously for 

extremely long periods of time.  Of course, they have the advantage of being operated 

electrically, which means that a solar collector can power one for months or years. 

 Another method of create thrust is more or less through application of brute force.  

You can make a perfectly functional thruster that tosses little masses away from you, but 

be prepared for fairly low efficiency. 

 An example of this would be a long, high speed gun that shoots pellets of material 

away from you, sending you along in the opposite direction.  While this seems ridiculous 

for space flight, it is actually a serious candidate for moving an asteroid.  Consider a 
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magnetic cannon that is powered by a sunlight collector, and uses piece of the asteroid 

itself as reaction mass.  By cutting up little slugs of material and using them as “bullets”, 

an asteroid can be slowly but surely nudged from one course to another. 

 So here are three examples of how to provide a force for moving an asteroid.  

There are others, but in essence, they are some version of these examples.  In all cases, 

movement is imparted to a reaction mass and the result is a force that is applied to what 

you would like to have moved. 

   

Applying thrust to an asteroid 

 

 Clearly, some sort of force must be applied to the asteroid to move it.  Let’s look 

at some of the ideas that are usually applied to the problem, and how they stand up to 

serious scrutiny. 

 Let’s first examine the favorite of science fiction movies, such as “Deep Impact” 

or “Armageddon”.  In each, nuclear weapons are used to do the job.  But how does this 

really work? 

 In one scenario, the weapons are used to destroy the asteroid.  If this could be 

done far enough from the Earth, the debris might spread out enough to prevent a major 

impact.  However, a nuclear explosion has little or no chance of actually being able to 

destroy an asteroid of a hundred meters diameter, much less a kilometer across. 

 This is because when the warhead detonates, it produces much of its energy as 

very high energy radiation.  While this will vaporize some of the material it strikes, over 

half of the output of the warhead will be in the wrong direction, and will provide no 

useful effort at all.  So when calculating yield, you must cut the results in half or worse 

right away. 

 Now, when the warhead produces its flash, what happens?  Well, on Earth, there 

would be an immense shock wave.  But in space, there is no atmosphere to support this 

shock wave, so the only effects are those of radiation. 

 At present, researcher John L. Remo is doing experiments to determine how this 

radiation will couple to the surface of asteroid material, and how much will be blown off 

in a manner that will produce useful reaction or thrust.  His work is funded out of pocket, 

but he has the facilities of the Sandia National Laboratory’s Z machine for his tests. 

 Until we have firm data in hand, however, we must consider what we know.  

Heating is the first consequence.  Some material will be vaporized off the exposed face of 

the asteroid.  The mass and temperature of that material will determine the thrust it 

produces.  Let’s look at how much energy we are really dealing with. 

 A kiloton yields about 9.0 x 10^11 joules.  A megaton is a thousand times that, or 

9.0 x 10^14 joules.  We know that the 100 meter asteroid needs an application of 3.421 x 

10^8 joules to deflect it or slow it down, so wouldn’t a nuclear device with a megaton 

yield be more than sufficient?  After all, it is over three million times what we have 

calculated. 

 Well, it’s not as simple as that.  In a nuclear explosion in space, most of the 

energy of the warhead is x-rays and ultraviolet light.  For an atmospheric explosion, 

about a third of the energy will show up as heat right away.  But in space, as stated 

previously, there is no atmosphere and the heating effects are very different. 
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 Unless the explosion is in direct contact with the asteroid, more than half of the 

energy can be expected to simply shine away like an immense flashbulb.  That takes us to 

about 4.5 x 10^14 joules immediately.  Next, we can calculate the output as a small 

spherical source and using the formula for the area of a sphere, we can also calculate the 

energy received by the surface of the asteroid using the inverse square law. 

 Together, we see that the energy deposited on the asteroid will follow this 

equation: 

E / 4πD^2 

 

where E is the output energy of the nuclear explosion and D is the distance to the asteroid 

from the explosion.  All we need to know is the area of the asteroid that intercepts this 

energy compared to the area of open sky.  For a direct surface contact, the value will be 

about 50%.  For greater distances, the angular area will have to be figured based on the 

image of the asteroid and the distance to it. 

 The problem is this- if the density of the energy is below some critical value, little 

or no material will be evaporated off the asteroid, and there will be no effective thrust.  

The body of the asteroid will act as a heat sink and simply absorb the energy.  To see this, 

consider how much energy sunlight carries, but how little thrust it produces when it 

contacts an asteroid.  Only the more energetic photons, such as x-rays, will have any real 

effect in vaporizing surface materials. 

 One possible strategy is to explode two warheads in succession, where the first 

warhead is closer to the asteroid and can create a large cloud of plasma and debris.  This 

can act as an absorber and transfer a great deal of energy to the asteroid when a second 

warhead is detonated further from the target area. 

 This “one-two” strategy actually is a good one, and could effectively transfer 

enough power to do the job.  In fact, a smaller, much lighter warhead could serve to 

produce the plasma cloud, then a much larger device could provide the actual thrust.  If a 

smaller, 50 kiloton device were used to create the surface burst, a much larger one-

megaton device could indeed move the asteroid and deflect it from the Earth. 

 There may be an objection that exploding one warhead closely to the second 

would destroy the electronics due to EMP or electromagnetic pulse effects.  With a little 

shielding, this will not be a problem at all.  Most EMP is generated due to interaction 

with the Earth’s atmosphere.  In space, we can expect very little EMP as a result of a 

nuclear explosion. 

 The only problem to overcome is to get the warheads to the asteroid as quickly as 

possible- in less than a month in any case.  This is much harder than you might think. As 

the vehicle carrying them must be able to thrust at extremely high output to get it up to 

speed, then coast, decelerate, and then double back to meet the asteroid.  This means we 

must supply three times as much power as a mission normally takes, because most space 

missions simply thrust out to their target and coast the rest of the way, with minor course 

corrections or orbital insertion burns. 

 This would be an extremely energy intensive mission- no such vehicle exists at 

this time that could fulfill this one mission requirement.  In other words, we would truly 

need about three or four years lead time to place the devices and carry out the task.  Note 

that most 100 meter asteroids are seen only weeks before a threat is perceived. 
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 Given a year lead time, we could not carry this mission out without a great deal of 

hardware already being in place.  Presently, it might take 7 to 15 years to make this a 

realistic possibility.  And, indeed, this is what Remo’s research seems to indicate at this 

time. 

   

Using rocket thrusters 

 

 Chemical rockets are not feasible for this mission at all.  They are massive, have a 

low yield, and cannot come close to the output of a nuclear warhead.  Even the most 

powerful rockets made rate only in the megawatts, and only for seconds to a couple of 

minutes at most. 

 Let’s consider the Saturn V rocket, a very large and powerful machine.  How 

many joules of output can it produce?  Actually, it looks pretty good with 9.0 x 10^10 

compared to the needed 3.421 x 10^8 for the smaller asteroid.  But when we look at the 

larger one, it would take about 30 fully loaded and fueled Saturn V rockets applied to the 

one kilometer asteroid to move it out of the way. 

 What about comparisons to the shuttle’s solid rocket boosters?  Sadly, they 

produce a meager output compared to our needs.  Both solid boosters produce a 

combined output of only 2.93 x 10^7 newtons. 

 While rockets could be used to move asteroids, they will not be able to do it in a 

realistic sense, because they consume thousands of tons of fuel and we cannot put that 

much fuel in space without using dozens of rocket. 

 Once in space, we would still have to burn enough fuel to put the rockets on 

course, and then we would have to burn even more fuel to have them match velocities 

with the asteroid.  This is a losing proposal, even at the outset.  This is because the fuel is 

being used mainly to move other fuel.  This “pyramid” grows at a geometric rate and is 

soon unmanageable. 

 Just as an example, the space shuttle is unable to travel more than about 800 

kilometers above the Earth.  There is simply no way for it to carry enough fuel to do any 

better.  External tanks can change this, and refueling can go a long way, but even then, 

what would be the point?  There are better ways to get around, and for the cost you would 

be best off starting from scratch and designing a new vehicle. 

  

Other methods 

 

 It was seriously suggested to me that powerful lasers could destroy an asteroid.  

This is not at all possible.  I can give an example that will illustrate why. 

 While it is true that we have lasers that can produce trillion watt pulses or more, it 

must be realized that a watt is not a unit of energy, it is a rate of consumption.  All this is 

saying is that this laser can produce a pulse of light that delivers so much power, but 

when you work out the numbers, you find that this pulse is extremely short in duration.  

The main reason for people confusing output power with effectiveness is because they 

are unfamiliar with the units. 

 In a nutshell, joules are “how much” and watts are “how fast”.  While watts are 

definitely important, the joule is far more important here.  It’s how much energy we need, 
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not how fast we must deliver it.  These lasers are excellent at delivering very quickly, but 

they cannot deliver very much in the process. 

 The total output energy of these lasers is pitiful- a good automobile battery can 

store more energy.  The standard Sears Diehard battery can store about four megajoules.  

This is enough to ignite a thermonuclear fusion using deuterium fuel, but there is no 

practical means of discharging the battery rapidly enough to do it. 

 Conversely, these high powered lasers can discharge that rapidly, but they are 

limited severely in their pulse rate.  Even at their best, a few automobile batteries can still 

yield more power than they consume in a minute. 

 Our most powerful continuous duty laser is said to be the oxygen-iodine laser.  It 

is proposed that these lasers can be used to cut up old nuclear power plants and old 

buildings, but the cutting rates are measured in inches per hour.  Furthermore, the 

efficiency of lasers is truly abysmal.  You would have to carry the laser along with a very 

large fuel source to the asteroid. 

 Solar power is not a good answer also, because at their best, solar cells can only 

convert about 21% of the incoming sunlight to useful electrical power.  On top of that is 

the poor laser efficiency and the fact that they use up chemicals that would have to be 

manufactured on the spot.  In short, there will be no laser based solutions to the problem 

of stopping an asteroid impact. 

 Even if you did cut an asteroid into pieces, then what?  The pieces will still strike 

almost as one, or worse yet, in a cluster.  This is no solution at all.  Indeed, we hope that 

using a nuclear device will not result in shattering an asteroid. 

 Perhaps we could attach an ion thruster to the asteroid.  This would work in 

theory, but the thrust figures are very low and it would take decades for the sort of 

deflection we would want.  Ion thrusters could be powered by solar collectors, but you 

would still not get anywhere near the output figures for the nuclear devices with present 

day devices.  It would require a very large and very well fueled ion thruster to do the job. 

 Finally, how about using a mass driver, or a magnetic “gun” to shoot pieces of the 

asteroid away into space? 

 This is a very good idea for a number of reasons, but time constraints make it 

unlikely.  While this method gives us a lot of flexibility, we would have to transport a 

whole factory in effect to make this concept workable.  However, we can use it to set up 

factories in space, and even move asteroids into orbit around the Earth if we so choose. 

 The only problem is once again lead time.  So what other options can we look to? 

   

Trying something completely different 

 

 Suppose we had a means of providing a continuous thrust and also a power source 

of thousands of megawatts available?  In that case, we might be able to move the asteroid 

without a lot of danger, without nuclear weapons, and without unwieldy power supplies 

or fuel problems. Let’s take a moment and consider the following points. 

 Sunlight is passing through space at all times.  Near the Earth, about 1,400 watts 

of power passes through every square meter of area.  In one second, this is 1,400 joules of 

energy.  If we could collect and use it, this would provide us with a great deal of power.  

And if we could imagine a system for putting that power where we want it, we could use 

it as a large heat source for nearly any process we can picture. 
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 Such a system exists now.  It has been experimented with for years on Earth.  

What I am referring to is called a heliostat. 

 By setting up a large number of mirrors and aiming them at a target, the total 

power of a large amount of sunlight can be used to create very high temperatures.  A 

typical demonstration is the melting of a steel I-beam in a matter of seconds. 

 When you come right down to it, a rocket engine is little more than a large heat 

source and some sort of reaction mass.  The heat is used to raise the temperature of the 

reaction mass and create a high pressure (and hence high speed) exhaust.  Given a large 

source of heat, all you need is reaction mass to produce thrust. 

 Suppose you could deliver millions of joules of light or thermal energy to a single 

point on the surface of an asteroid.  The result would be intense heating.  Any child who 

has used a magnifying glass to focus the Sun’s rays on a leaf or a twig has seen this effect 

in action. 

 A large collector could be employed to gather sunlight and aim it at a point on the 

surface of an asteroid, causing material at the focus to heat and vaporize.  This plume of 

vaporized material would stream away from the focus, much like the exhaust of a rocket.  

As the material vaporized, a deep pit would form, acting as a rocket nozzle. 

 Now, by applying a continuous beam of high intensity sunlight, we could power 

this makeshift rocket and use the thrust to alter the course of the asteroid in question.  

This gives us a power source, a reaction mass source, and a rocket engine all in one 

process. 

 All we would really need is a means of collecting enough sunlight to make this 

idea practical.  Is there such a system?  And, how much power can we expect this scheme 

to yield? 

  

The solar thermal propulsion concept 

 

  Consider a large mirror that can be shaped or curved on demand.  It would have to 

be very large, durable enough to withstand large accelerations, cheap to manufacture, and 

easy to store in a small space.  Is such a thing possible? 

 In fact, it is.  If we use a very thin sheet of Mylar plastic (also known as 

polyethylene terepthalate) and we coat it with aluminum, we get a material that is thin, 

tough and reflective.  A simpler form of this material is used as a wrapper for snack foods 

and also as a camper’s “space blanket”. 

 Mylar plastic is very cheap and easy to make.  It can be folded into a small 

canister and then deployed on a wire frame or mesh to give it a final shape.  By using a 

shape memory alloy such as Nitinol for the frame, the heat of the Sun will cause the 

framework to expand to its ultimate size and shape, stretching the Mylar plastic sheeting 

into a large parabolic mirror. 

 The result is an immense plastic mirror that can be used to collect and focus the 

sunlight like a lens.  And if we make this mirror in panels, the individual panels can be 

computer controlled to set to focus and aim using cables and a servo system similar to the 

ones used in radio controlled models. 

 So now that we can define a large solar collector, what sort of size and power 

levels are we dealing with? 
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 Let’s imagine a collector that is 2 square kilometers in area.  If it is positioned as 

far from the Sun as the orbit of Mars, it will collect about 1.4 gigawatts of sunlight.  At 

the distance of Earth, this same collector will gather about 2.8 gigawatts.  This sounds 

like a lot, but how does this translate into joules? 

 In a twenty four hour period near the orbit of Mars, we would have gathered 121 

terajoules, or 1.21 x 10^14 joules. In that same 24 hours near Earth, we would have 

gathered 242 terajoules to work with.  Take it running for a month, and near Mars you 

see 3.63 x 10^15 joules and near Earth, 7.26 x 10^15 joules.  This is over 70 megatons 

equivalent, compared to a thermonuclear fusion bomb.  Suddenly, we have power on the 

scale of a nuclear device, but without the hammerblow crudeness.  This simple plastic 

mirror is now the equivalent of a multimegaton warhead. 

 Now, how long do we have to apply this force, and what sort of efficiency can we 

expect? 

   

Brass tacks of solar thermal propulsion systems 

 

  When we get right down to it, this is the sort of power we need.  Now we need to 

know how long this system must operate to provide the deflection force we must apply.  

If we do a simple estimate based on catching the asteroid out near the orbit of Mars, then 

we have a system that is delivering 1.21 x 10^14 joules per day.  With no more than a 

division problem, we can see that to apply the needed 3.421 x 10^8 joules of energy, we 

must keep our solar thermal engine running for about a quarter of a second.  That is 

assuming that all that energy gets transferred to the asteroid. 

 In reality, most rocket engines only transfer about 60% to 70% of the fuel energy 

into motion, but we can see that this huge collector will make the efficiency problem 

vanish.  Indeed, a much smaller unit will do the job quite well, and be much easier to 

deliver due to its low mass.  A smaller collector of only 1,000 square meters of area 

would deliver about 500 kilojoules per second with the 70% efficiency rating, and if we 

leave it running for about 12 minutes it will provide more than enough power to deflect 

this small asteroid. 

 Now, for the larger 1 kilometer asteroid, we must do this for ten days using the 

1,000 square meter collector, so we obviously have found a method for moving or 

deflecting an asteroid that is simple, low mass, and easy to make. 

 Most chemical rockets exhibit an efficiency of about 60% to 70% or so, as 

mentioned above.  We would need to do a similar calculation on our thermal engine 

concept to see just how efficient it would be.  I expect that its initial efficiency would be 

slightly worse than 40% due to the cooling effects of the surrounding asteroid material.  

As the asteroid’s local surface temperature increased however, the efficiency would 

climb and stabilize at some figure greater than that.  

   

Wrapping up the concept 

 

 So with little more than a reflector, we can make a sort of rocket engine on the 

surface of an asteroid.  This engine will have power levels that rival large nuclear 

devices.  It can be compact, easy to deploy, and cheap to manufacture.  In fact, we have 
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had the technology to do this for many years, needing only the model concept to see how 

feasible it truly is. 

 In a future installment, I will detail the math and physics and present the actual 

figures to be expected.  Also, I will show the best geometry for a solar propulsion system 

used for moving an asteroid, and how the concept also leads to new, compact space 

propulsion for smaller craft. 
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