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Abstract—This paper—the third in a series expanding upon this 
topic—seeks to stimulate the interest of prospective scientists and 
engineers in exploring various aspects of the natural universe, 
specifically pertaining to the proliferation of human life 
throughout the solar system and beyond.  In this paper, discussed 
is the possibility of re-igniting the magnetosphere of Mars by 
culling in the dwarf planet Pluto into a highly eccentric orbit 
around it.  This creates tidal heating at sufficient levels to melt 
the nickel-iron core of Mars down to 935 meters, enough to cause 
the dynamo to recommence and thus regenerate a magnetic field 
that extends approximately 1000 kilometres above Mars’ surface.  
This effectively acts as a shield to protect an engineered Martian 
atmosphere from the effects of sputtering in perpetuity.  
Additional factors that are discussed in this paper pertaining to 
the feasibility of such a project are the dissipation of the 
Plutonian body itself through sublimation of its icy constituents.  
It is shown, that even with a modelled composition that is 30% 
water ice with surface layers of frozen nitrogen, the dwarf planet 
could affect the required heating upon Mars in roughly 5 million 
years. 
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I. INTRODUCTION 
Mars’ magnetosphere died very early in its history.  Most 

scientists believe that the Martian dynamo extinguished only a 
few million years after its accretion completed [1] due to its 
relatively small volume compared to Earth.  This subsequently 
led to the then robust Martian atmosphere, having roughly 0.5 
to 1 bar surface pressure after formation, to rapidly sputter 
away over the course of about 10 to 20 million years [1].  But 
what if the Martian magnetosphere could somehow be 
reignited through clever, albeit far-term, engineering? 

There are a few ways that a magnetosphere can be reignited 
in the core of a given planet.  As of today nearly all methods 
involve heating up the core of the planet to re-melt the metal 
which causes the generation of the magnetic field.  It will be 
shown that culling Pluto into a highly eccentric orbit around 
Mars can produce sufficient tidal friction to heat up the 
planet’s core to a level which would produce a Martian 
magnetosphere roughly 1000 kilometres above the surface 
over the course of about 5 million years.  Though, there are 
many factors to consider when placing Pluto into such an orbit, 

such as the difficulty in actually moving the dwarf planet and 
the possible risk of collision with other celestial bodies, 
namely Earth.  These difficulties will be omitted from this 
engineering design and assumed to have been overcome. 

Other factors that will be considered are the sputtering 
effects that Pluto would experience in such an orbit, the rapid 
change in the planetoid’s mass due to this sputtering, the 
subsequent change in the overall tidal heating levels, and the 
gaseous cloud around Mars that would likely result from this 
sputtering. 

II. MARS’ MAGNETOSPHERE DESIGN REQUIREMENTS 
Mars’ magnetosphere needs to be of a sufficient strength to 

extend beyond the surface of the planet as well as the 
computed edge of a Martian atmosphere of roughly 1 bar of 
pressure in order to protect the atmosphere from at least 99% 
of possible sputtering effects.  As per F. Leblanc et. al. the 
sputtering layer of Mars’ atmosphere during the first epoch of 
its history was between 140 and 400 kilometres in altitude [1].  
This means that the magnetosphere of Mars would need to 
extend at least beyond 400 kilometres above the surface of the 
planet.  However, a factor of safety is incorporated into this 
design, where, as stated earlier, the magnetosphere will be 
engineered to extend to 1000 kilometres above the Martian 
surface.   

In order for this to work, the average magnetic field of the 
Sun at Mars’ orbit must be found.  The magnetic field strength 
of the Sun is proportional to the inverse cubed root of the 
distance from a given reference frame.  In this case, the Earth 
is used as the reference frame.  It is known that the strength of 
the Sun’s magnetosphere at Earth is approximately 5 
nanoteslas [2] (~4.5 to 6.4 nT).  This number is used in the 
field determination. 
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Where Bd2 is the strength of the Sun’s magnetic field at the 

desired distance, Bref is the strength of the magnetic field at 
the reference frame (5 nT), d2 is the Mars-Sun distance in 
astronomical units, and d1 is the Sun-Earth distance in 
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astronomical units.  Doing the calculation, the average Sun 
magnetic field strength at Mars is found to be 

 

 𝐵!! = 5 𝑛𝑇 !
!.!"#$%&

!
= 1.413479 𝑛𝑇 

 
This means that the magnetospheric strength at 1000 

kilometres above Mars’ surface has to be equal to 1.413479 
nT.  There are several factors involved in calculating the 
actual strength of Mars’ magnetosphere when reigniting its 
dynamo through tidal heating.  The first of these issues is the 
rotational velocity at the surface of the core of Mars.  Since 
Mars is so much smaller than Earth, the rotational velocity at 
its core is much less than Earth’s, which will adversely affect 
not only the overall magnetic field strength, but also the 
capacity to produce a strong magnetic field at all.  As it is, the 
core of Mars is theorized to terminate at approximately 1700 
kilometres in radius from its centre of mass [3].  This means 
that, rotating at 241.17 m/s at the Martian surface would 
equate to a rotation rate far different at the core. 

 
 𝐶!"#$ = 2𝜋𝑟 = 2𝜋 3.396𝑥10!𝑚 = 2.13377𝑥10!𝑚 
 
Therefore, 241.17 m/s equates to 7.1016x10-5 

radians/second.  Extrapolating this to the top of the core, 
which we will assume is at 1700 kilometres radius, the 
average rotational velocity is 120.727 m/s.  This must be 
compared to the average rotational velocity of the liquid 
portion of the Earth’s core. 

Using the same methodology, the rotational velocity of 
Earth’s liquid core is determined.  Earth’s liquid core is 
theorized to be from 1221 kilometres in radius up to 3481 
kilometres in radius from centre of mass.  However, since 
Earth’s liquid core is not infinitely thin, its average rotational 
velocity is found using the average area theorem [4].  Since 
the rotational velocity of the core decreases linearly with 
depth, this is a fairly straightforward calculation.  All that 
need be done is find the rotation rate at the top and the bottom 
termination points of the liquid core, and average them. 

 

 
Graph 1. The graph above shows the rotational velocity of Mars with 

respect to radius. 
 

As such, with a surface rotation rate of 465.1 m/s, this 
equates in radians to approximately 7.3003x10-5 
radians/second for Earth.  This means that the rotation rates of 

the top and bottom layers of the liquid core are 254.12 m/s 
and 89.14 m/s respectively.  The average rotation rate is thus 
171.63 m/s. 

The point in finding the respective average rotational 
velocities of each planet is to produce a basis for comparison 
of the magnetic fields which are contingent upon the rotation 
rate of the respective cores.  This can be seen on the small 
scale through the following equation [5]: 
    !"

!"
= 𝑛∇!𝐵 + ∇× 𝑢×𝐵    (2) 

 
Where n is 1/𝜎𝜇, with 𝜎 being conductivity and 𝜇 being 

permeability.  B is the magnetic field, u is the velocity, and t is 
time.  While the above equation is not going to be applied to 
this engineering design because it is meant for smaller scales, 
it does provide some insight into the relationship between 
rotational velocity and magnetic field strength of a planet.  It 
is shown that on the macro scale, the rotational velocity of the 
material producing the magnetic field is directly proportional 
to the strength of the magnetic field produced.  As such, any 
magnetic field numbers determined using Earth as a reference 
must be subject to a velocity proportionality factor which we 
will call 𝜗.  𝜗= (120.727/171.63) = 0.70342.  Due to the 
inherent difficulty of determining the overall magnetic fields 
of celestial bodies, proportionality will also be applied with 
regards to the mass of the liquid cores in question, with Earth 
as the reference.  Of course, assuming the required liquid core 
of Mars reaches a significantly large portion of Mars’ overall 
radius, the average velocity will change, and thus this 
proportion will alter slightly.  As later analysis will show, 
however, the required mass of liquid Martian core produces a 
negligibly small depth, requiring no change in said velocity. 

The next issue thus becomes finding the overall mass of the 
liquid portion of Earth’s core.  25 𝜇T will be used for Earth’s 
surface magnetic field strength, as this is the lowest field 
strength typically measured, yielding the most conservative 
results [6].  Assuming that the average density of Earth’s core 
is 13.1 g/cm3, the mass of the liquid portion of the core is 

 
    𝑉!",!"#$"% =

!
!
𝜋𝑟!"#$"%! − !

!
𝜋𝑟!"#$%! ≈ 1.6906𝑥10!!𝑘𝑚! 

 
    → 𝑚!,! = 𝑉!",!"#$"%𝜌!" = 2.2146𝑥10!" 𝑘𝑔 

 
Having discovered the proportion for the surface magnetic 

field of Earth based upon the mass of the liquid portion of the 
core, this can be extrapolated to the potential magnetic field to 
be produced at Mars’ surface.  The magnetic field at the top of 
the liquid core of Earth would thus be 153.267 microteslas, 
using equation (1), with d1 being the radius to the surface of 
the Earth, d2 being the radius to the top of the liquid core, and 
Bref being the magnetic field at the surface of the Earth.  This 
number will be important when determining the necessary 
magnetic field numbers for Mars. 

The next step is to determine the required surface magnetic 
field at Mars in order to produce a magnetosphere that is at 
least 1000 kilometres above the surface.  This is also done 
using equation (1), where d1 is the radius of Mars + 1000 
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kilometres, d2 is the radius of Mars, Bd2 is the magnetic field 
strength at 1000 kilometres above the Martian surface 
(1.413479 nT in order to balance with the magnetic field of 
the Sun), and Bd2 is the magnetic field at the surface of Mars.  
This makes the surface magnetic field required for Mars 
approximately 3.0659 nT.  The result will then be extrapolated 
to find the required magnetic field at the top of the Martian 
core.  Using the same methodology with an assumed liquid-
core surface at 1700 kilometres radius [3], the magnetic field 
required is 24.4408 nT.  Assuming the Martian core is 
comprised of 17% sulphur, and equal parts nickel and iron, the 
average density of the core with minimal compression (a 
rather rough assumption) is 
 
    𝜌!"# = 𝜌!"#$"% ∙ 0.17 + 𝜌!"#$ ∙ 0.415 + 𝜌!"#$%&  
 
    ∙ 0.415 = 7.31643 𝑔/𝑐𝑚! 

 
This will be used to find the required radius of the liquid 

Martian core in order to produce a sufficient magnetic field.  
Assuming the core magnetic field proportion is 𝜖 
(1.59466x10-4), the radius to the bottom of the liquid core is as 
follows: 

 

𝑟!,!" = 𝑟!,!"! − !∗!!!"#
!
! !!!"

!    (3) 

 
Where rt,Ml

3 is the known radius at the top of the liquid core 
of 1700 kilometres, 𝜗∗ is the velocity proportion of the core of 
Mars as opposed to the core of Earth—the star indicates that 
this number must be iterated if the difference in radius from 

the top of the bottom of the proposed liquid core is greater 
than 1%—mECl is the mass of the Earth’s liquid core, and 𝜌!"  
is the average density of the liquid core of Mars.  This yields a 
layer that is 935.427 meters thick.  The bottom radius is 0.055% 
less than the topmost radius, which is far less than 1%, 
meaning that 𝜗∗  does not require iteration based upon the 
designated engineering specifications. 

At this point, it may seem somewhat extraneous to find this 
information, but it is not.  The point is to verify that iteration 
of the average rotational velocity of Mars’ liquid core is not 
necessary due to its thinness.  Now that a radius can be used to 
determine the average rotational velocity, find the mass of the 
liquid core by using the average density.  With this mass, 
determine the total amount of tidal heating required over a 
given period. 

III. MARS’ MAGNETOSPHERE DESIGN REQUIREMENTS 
There are a few more major factors involved in order to 

determine the amount of tidal heating required to reignite the 
magnetosphere.  The above analysis was to determine the 
amount of core melting required to do so, now one must 
determine the energy input required to actually melt that 
amount of the core.  The graph below shows a temperature 
profile for the interior of Mars.  As can be seen, at 0.5 times 
the radius of Mars (approximately 1700 kilometres, or the top 
of the liquid core), the average temperature is approximately 
2000 Kelvin.  There are many other models for the interior 
temperature profile of Mars, but for the purpose of this 
engineering design, this model is the one used for reference 
[3]. 

 

 
 

Graph 2. The graph above shows the temperature profile of the interior of Mars.  The edge of the Martian liquid core is hypothesized to be at approximately 
1700 kilometres distance from the planet’s centre of mass. 

 In order for this graph to be of any use, knowing the 
temperature at which nickel and iron melt at the pressures 
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experienced at these depths (~35 GPa) is necessary.  This is 
determined to be approximately 2800 Kelvin, though the 
graph shows another less conservative figure [7].  Thus a 
temperature increase of 800 Kelvin is required.  To determine 
the amount of input energy required in total, first determine 
the average specific heat capacity of the materials of which 
the core is made (iron, nickel and sulphur), and then determine 
the overall mass of the liquid core.  This will reveal the 
average amount of heat energy per gram that the material in 
the core can absorb before it actually increases in temperature 
and eventually changes state.  Using this, a total amount of 
energy needed to change the state of the required core mass 
over a given period of time can then be determined.  This will 
provide necessary constraints to the engineering design in 
order to produce the desired magnetosphere.  The average 
specific heat capacity of the core is as follows [8]:  

 
 𝐶!,!"# = (𝐶!,!) ∙ 0.17 + 𝐶!,!" ∙ 0.415 + 𝐶!,!"  
 

     ∙ 0.415 = 0.49545 𝐽/𝑔℃ 
 

With the specific heat capacity found, the mass of the core 
can be determined using the previously calculated proportions 
in equation (3), relating Earth’s liquid core to Mars’.  This is 
done as follows: 

 
𝑚!,!" = 𝜗𝜖𝑚!,!"    (4) 
 
 𝑚!,!" = 0.70342 1.59466𝑥10!! 2.2146𝑥10!"𝑘𝑔  
 

     = 2.48415𝑥10!" 𝑘𝑔 
 
With this mass, it would require 1.23077x1023 Joules of 

energy to sufficiently heat the core by 1 Kelvin.  For the 
required 800 Kelvin, this number is 9.84618x1025 Joules.   

IV. PICKING ORBITAL DYNAMICS OF A PLUTONIAN MOON 
The primary factors that must be determined for Pluto’s 

orbit are its eccentricity and its semi-major axis.  Looking at 
the equation for tidal heating in joules per second with respect 
to the effects of satellites on planets, it is seen that both 
eccentricity and orbital distance play key roles in the overall 
heating of the planet [9]. 

 

𝑞!"# =
!"(!!!)!/!!!!!

! !!!"/!!!

!!!/!!!
   (5) 

 
Where G is the gravitational constant (6.67384x10-11 

m3/kgs2), MP is the mass of the moon, (Pluto = 1.305x1022 kg), 
RM is the radius of the planet, a is the semi-major axis of the 
moon, e is the eccentricity of the moon’s orbit, QM is the 
dissipation constant for the planet (85.58 for Mars), and kM is 
the tidal love number for the planet (0.175 for Mars) [10].  In 
this equation, only two factors can be picked for Pluto, the 
semi-major axis of the orbit, and the eccentricity of the orbit.  
We will arbitrarily choose an eccentricity of 0.4545 for Pluto, 
and manipulate the semi-major axis to suit our requirements 

for the tidal heating of Mars.  While 0.4545 is a high 
eccentricity, it is not unreasonable, as Pluto’s current orbit 
around the Sun has an eccentricity of 0.2488.  A lower 
eccentricity is clearly preferable for orbital stability, but not 
for tidal heating purposes.  Additionally, scientists have found 
exoplanets with orbits more eccentric than this, lending more 
credibility to using such a high number for the parameter. 

 

 
Fig. 1. A hypothetical orbit of Pluto around Mars (not to scale, orbit 

exaggerated). 
 
So, how does one determine the desired semi-major axis 

for Pluto’s orbit?  The semi-major axis of Pluto is contingent 
upon the strength of the magnetosphere of Mars desired, and 
the period of time in which its genesis is desired.  The way the 
constraints of the current design are modeled, the eccentricity 
and proximity of Pluto’s orbit around Mars can be 
manipulated to a wide degree.  The primary requirement at 
hand is the sustainment of a hypothetical atmosphere on Mars 
in perpetuity through the production of a significant 
magnetosphere.  As it is, current models show that any 
atmosphere of significant mass (at least ½ bar at the surface of 
Mars) would dissipate rapidly relative to the epochs of the 
solar system.  That is, depending on the models, the 
dissipation through sputtering can take anywhere from 1 
million to 100 million years.  The following analysis shows a 
time period of roughly 16 million years. 

V. CONSTRAINTS TO THE TIDAL HEATING EQUATION 
The sputtering rate of Mars can be derived from F. 

LeBlanc et. al. in addition to current models of the solar wind 
density in the solar system.  The solar wind density is 
proportional to the inverse-cube of the distance from a frame 
of reference.  

 
𝑊! ∝

!
!!
∙𝑊!     (6) 

 
Where WR is the solar wind density at a given reference 

frame, and d is the distance ratio from that same reference 
frame.  Using the solar wind density at Earth of 4.6325 
atoms/cm3 ∙second [11], the solar wind density at Mars is 

 
 𝑊! =

!
!.!"#$%& !" ! ∙ 4.6325 !"#$%

!"!∙!"#$%&
 

 
 = 1.3096 𝑎𝑡𝑜𝑚𝑠/𝑐𝑚! ∙ 𝑠𝑒𝑐𝑜𝑛𝑑 
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The sputtering layer of Mars is theorized to be between 140 
kilometres and 400 kilometres altitude.  Using these numbers, 
one can find the overall volume of the sputtering layer and 
thereafter determine the total number of sputtering atoms per 
cm3. 

 
 𝑉!,! =

!
!
𝜋 3796𝑘𝑚 ! − !

!
𝜋 3536𝑘𝑚 !  

  
 ∙ 1.3096 !"#$%

!"! = 5.7529𝑥10!"𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠/𝑠𝑒𝑐𝑜𝑛𝑑 
 
Beyond this, there is an efficacy factor of 2.9 added.  This 

increases the effective rate to 1.6683x1026 atoms/second.  
Additionally, each particle collision leads to a cascade 
ionization of the Martian atmosphere of 1x103 atmospheric 
particles per solar wind particle.   

 

 
Graph 3. This figure is taken from F. LeBlanc et. al. It shows the graphs of 

ionization from different Monte Carlo modelling parameters for the sputtering 
of the Martian atmosphere. 1x103 particles/sputtering ion was not chosen 
arbitrarily, but is shown to be a pretty reasonable number [1]. 

 
This means that the total mass of the Martian atmosphere 

sputtered per second, assuming an average mass unit of 28 
[12], is 7,756.95 kg/second.  The average mass unit is 
assumed by virtue of the reactivity of nitrogen and oxygen at 
terrestrial surface temperatures in conjunction with the fact 
that much of Mars’ soil is nitrogen rich.  If, as it has been 
posited by some scientists, the abundance of nitrogen on Mars 
during this epoch was found to be much less than the 
proportions found on Earth, the average mass unit would 
change instead to somewhere near 32, assuming a 
predominantly oxygen atmosphere.  Finding the overall mass 
of the Martian atmosphere, we can determine the length of 
time it would take before the atmosphere would be sputtered 
away to its current mass once again. 

Assuming an attained surface pressure of 1 bar, 
 

𝑚!"#,!"#$ =
!!!!

! !!,!
!!

    (7) 
 

Where RM is the radius of Mars, PS,M is the surface pressure 
proposed, and gs is the surface gravity.  This will give us the 
mass of the atmosphere at the start and at the end of 
terraforming. 
 

 𝑚!"#,!"#$ =
!! !.!"#!!"!!

!
!"!,!"" !"

!.!""! !!
 

 
 = 3.9561𝑥10!"𝑘𝑔 

 
Subtracting the current mass of the atmosphere of Mars, we 

determine that the change in atmospheric mass is 
3.93266x1018 kg.  Thus it would take 16.172 million years for 
the Martian atmosphere to dissipate at the proposed sputtering 
rate. 

With this sputtering rate, it is determined that a 
magnetosphere that meets specified requirements for 
atmospheric protection must be adequately produced in a 
timeframe significantly shorter than 16 million years. 

Another very important constraint is the semi-major axis 
of Pluto’s proposed orbit with relation to the gravitational 
influence of Mars itself.  Pluto must be in an orbit such that 
Mars’ gravitational influence overcomes the gravitational 
influence of the Sun.  This is known as Mars’ Hill radius [13].  
The Hill radius, or Hill sphere, of Mars is calculated using the 
following equation: 

 

𝑟! = 𝛼(1 − 𝑒) !!"#$
!!!"#

!     (8) 

 
Where rH is the Hill radius, 𝛼 is the semi-major axis of 

Mars, e is the orbital eccentricity, mMars is the mass of Mars, 
and mSun is, appropriately, the mass of the Sun.  Using this 
equation, we find that Mars’ Hill radius is approximately 
982,863 kilometres, or roughly 1 million kilometres.  This 
means that the orbit of Pluto must be inside this radius in 
order to remain a moon of Mars. 

 

 
Fig 2. The above figure shows a graphical representation of the Hill 

radius of a planet with relation to its host star. 
 
Beyond this, the orbit of Pluto must be outside the Roche 

limit.  The Roche limit is an orbital radius between a moon 
and its host planet which is related to their respective densities.  
If the orbital radius of the moon is too small, and its density 
too little, the moon will break apart.  Below shows how to find 
the Roche limit [14]. 
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𝑟! = 2
!
!

!!
!!

!/!
    (9) 

 
Where rR is the Roche limit, 𝜌! is the density of the planet, 

and 𝜌! is the density of the moon.  This yields a Roche limit 
radius for the Mars-Pluto pair of approximately 3.12 Mars 
radii, or 10,616.4256 kilometres.  This allows for a wide range 
of potential orbits in which Pluto can feasibly reside around 
Mars, a range of 972,246 kilometres. 

Another factor that will need to be taken into consideration 
is that the Roche limit for the pair will continuously shrink 
over the course of Pluto’s orbit.  This is as a result of Pluto’s 
composition and low gravitational pull.  Because Pluto’s mass 
is largely ices, it will rapidly dissipate over millions of years.  
This is because its close proximity to the Sun will cause its 
surface to heat up, and either melt or sublimate depending on 
the resulting surface pressure.  Normally this would not be a 
problem on a larger celestial body, but Pluto’s gravity is far 
too low to retain its atmosphere so close to the Sun.  So in 
order to attain a true Roche limit, one must use the final 
density of Pluto in the calculations rather than the initial.  
Assuming that Pluto is 30% liquid by mass, and that all of this 
liquid will sputter away eventually, the density of Pluto will 
thus become roughly 2.65 g/cm3.  This changes the Roche 
limit to 9,761.5 kilometres. 

Once more, to avoid excessive orbital perturbations, Pluto 
must remain at an orbit that does not disturb the two moons, 
Phobos and Deimos.  Phobos orbits Mars at a maximum of 
9517 kilometres, and Deimos orbits Pluto at 23,463 kilometres.  
This provides further constraint to the possible orbits of Pluto, 
reducing the range to 959,400 kilometres. 

The proposed orbit of Pluto must not only produce 
sufficient friction to heat up Mars’ core by 800 Kelvin down 
to 935 meters in 5 million years, but it must also overcome 
Mars’ intrinsic heat dissipation.  This should automatically 
occur, because the tidal forces are simply adding heat to the 
system, but this factor must be noted anyway.  In a perfect 
model, there is a distinct possibility that the increase in tidal 
forces would increase the heat flow out of Mars on an 
exponential curve and thus skew the results slightly, but for 
the purposes of this design, it is assumed that the heat flow of 
Mars changes only negligibly with the new input.  As it is, 
Mars dissipates 6.4 mW/m2 at its surface, which means that 
9.26x1011 Joules of energy dissipates from Mars every second 
[14]. 

 

 
Fig 3. This figure shows a simple model of the proposed internal 

structure of Mars after tidal heating as a result of Pluto’s orbit. 

VI. TIDAL HEATING REQUIREMENTS 
In order to heat up the proposed mass of Mars’ core by 800 

kelvin in 5 million years, the required total amount of heat 
energy based upon an average specific heat capacity of 
0.49545 J/gC is 9.84618x1025 Joules.  With this number, using 
the tidal heating equation, the semi-major axis of the orbit will 
be determined.  As stated earlier, tidal heating can be 
described by equation (5). 

Since the result of this equation is in Joules per second, one 
must calculate the time interval specified.  5 million years is 
equivalent to 1.5768x1014 seconds.  The required heating per 
second is thus 6.244406392x1011 Joules.  This means the 
semi-major axis is to be 73,767.34868 kilometres, falling well 
in between the upper and lower required limits described 
earlier.  But this is the semi-major axis, and we must 
determine if either the apogee position or perigee position of 
this orbit falls outside the requirements.  This is important 
because Pluto’s orbit around Mars can be assumed to follow a 
similar pattern to that described below. 

 

 
Fig 4. The figure above shows the precession of Pluto’s orbit around Mars.  

The orbit itself does not remain stationary. 
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As the orbit of Pluto continuously changes, its apogee and 
perigee locations will change with respect to the orbits of 
Phobos and Deimos.  Thus, if either the apogee or perigee is 
found to be inside the orbits of either other moon, the orbit is 
not viable. 

Using the eccentricity of 0.4545, the apogee of orbit is 
46,104.59293 kilometres distant, and the perigee of orbit is 
27,662.75576 kilometres distant from Mars’ surface, or 13.5 
and 8.15 Mars radii respectively.  Pluto’s perigee in this orbit 
is only slightly greater than the orbital radius of Deimos.  This 
could pose significant problems, and would need to be 
addressed moving forward.  However these numbers are not 
completely correct yet, as there is yet another source of error 
which will be discussed shortly. 

VII. THE EFFECTS ON MARS AND PLUTO IN THE PROPOSED 
ORBIT 

While some of the effects on Mars and Pluto resulting from 
this new moon’s orbit have already been discussed, there are 
many more that will produce very profound changes not only 
in the composition and chemistry of both celestial bodies, but 
also in the rate at which these changes will occur. 

Discussed in a previous paper in this series, the 
atmospheric sputtering experienced on Pluto in its current 
orbit was approximately 9,212 kg/second.  Considering the 
gravitational pull at the top of the sputtering layer on Mars 
compared to the gravitational pull at the equivalent altitude 
above Pluto, the change in proximity to the Sun and lack of 
magnetic field to protect the dwarf planet would mean that a 
new, greater sputtering rate would be expected.  This new rate 
can be described by 

 

𝑟!,!"# = 𝑟!,!
!!"#$,!
!!"#$%,!

!
    (10) 

 
As the most conservative 3-dimensional estimate, where 

rs,new is the new sputtering rate, rs,O is the original sputtering 
rate, gMars,s is the gravitational pull at the top of Mars’ 
sputtering layer, and gPluto,s is the gravitational pull at the top 
of Pluto’s sputtering layer.  The new sputtering rate is thus 
1.20622x108 kg/s.  Since Pluto’s composition can be 
approximated as 30% ice (of various types) and 70% rocky 
material, the total mass that could be sputtered away by the 
solar wind is roughly 3.915x1021 kg.  It would thus take 
1,029,192 years for this amount of mass to dissipate away 
from Pluto and either fall into Martian orbit or be thrown out 
into interplanetary space.  This would mean that the amount of 
tidal heating experienced due to Pluto would be gradually 
decreasing as the mass of Pluto decreased, levelling off once 
Pluto reached a new equilibrium mass of 9.135x1021 kg.  This 
is the source of error to which was alluded earlier, making 
Pluto’s orbit even more critical.  The mass of Pluto over time 
is shown in the following graph. 

 

 
Graph 4. The graph above shows the change in Pluto’s mass over the 

course of the five-million year proposed tidal heating cycle, assuming linear 
Plutonian devolution.  Using this graph, one can determine the average tidal 
heating, and can thus determine Pluto’s correct orbital radius. 

 
For the first million years of Pluto’s orbit around Mars, 

assuming a linear depletion of Pluto’s mass, an average mass 
can be taken for this period.  Once completed, the new 
Plutonian mass will be used for the remaining 4 million years.  
Two semi-major axes will be found: one before Pluto’s 
depletion, and one after.  The semi-major axis found before 
depletion will be given a 1/5 weight, whereas the semi-major 
axis found after depletion will be given a 4/5 weight.  With 
the average mass of Pluto in the first million years being 
1.109x1022 kg, the resultant semi-major axis is 69,877.46635 
kilometres.  The second semi-major axis is 65,498.32409 
kilometres, which yields an effective (used) semi-major axis 
of 66,374.15254 kilometres.  This yields an apogee of 
41,483.84534 kilometres and a perigee of 24,890.3072 
kilometres, or 12.22 and 7.33 Mars radii respectively.  The 
orbit is still beyond those of both of Mars’ moons, but only 
marginally.  The moons’ orbits will thus still require constant 
monitoring. 

Once more, at the completion of the devolution process, the 
end equilibrium state of Pluto, the semi-major axis of 
65,498.32409 kilometres is most important.  With this figure, 
the apogee is 40,936.45256 kilometres and the perigee is 
24,561.87153 kilometres.  This is even more critical than the 
previous estimate, but still viable by approximately 1000 
kilometres.  Though, as every celestial object has a Hill radius, 
does this cause Deimos to fall into Pluto’s gravitational 
embrace?  Yes.  The Hill radius of Pluto in this orbital 
configuration is 6,761 kilometres.  Deimos’ orbital parameters 
must thus be considered in this situation.  Additionally, all of 
Pluto’s moons will fall outside its Hill radius, causing 
problems if the moons of Pluto are brought into orbit as well.  
A potential “moon trade” may be necessary.  This could be 
done in a way that does not cause Deimos to go careening into 
the surface of any other celestial body, and will be explained 
later. 
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Fig 5. The figure above shows a potential new orbit for Deimos around 
Pluto with Pluto’s proposed configuration.  This can be done without causing 
any excessively dangerous situations. 

 

 
 

Fig 6. The figure above shows the aforementioned orbit of Pluto around Mars.  As can be seen clearly, the orbits of Deimos and Phobos lie inside Pluto’s 
proposed orbit, but in very close proximity to it.  Additionally, a large ring of ice and gas is present in Pluto’s orbital path, which will be explained.  The Sun’s 

position does not represent reality. 
 

As explained earlier, the ejecta of Pluto will either be sent 
into interplanetary space, or remain in orbit around Mars, as 
shown above.  Initially, Pluto will begin to develop a highly 
distended atmosphere, until eventually the radius of Pluto and 
its atmosphere will rival that of Mars itself.  However, a very 
keen possibility that must be considered in placing Pluto in 
such an orbit with such close proximity around Mars is that 
significant and rapid orbital degradation will likely result.  
While Mars’ atmosphere is highly rarefied, and mostly limited 

to only approximately 400 to 500 kilometres above the surface, 
very small amounts of atmosphere could still be present at 
25,000 kilometres altitude.  This is part of the reason why it is 
believed that Phobos, which orbits at approximately 9500 
kilometres altitude, will eventually collide with Mars in 
roughly 50 million years.  This same effect may be observed 
from Pluto’s atmosphere rubbing up against Mars and its 
moons.  After all, Pluto’s new atmosphere, though temporary, 
will cause its radius to possibly bleed into Deimos’ orbit, so 
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long as Deimos can remain on its current trajectory.  This 
orbital degradation will thus need to be closely monitored in 

perpetuity as well.  The progression of Pluto’s compositional 
devolution is shown in the following figures. 

 

 
Fig 7. The figure above shows the initial stages of Pluto’s devolution in orbit around Mars, as well as Mars’ initial state.  At first, only a faint coma appears, 

with perhaps a distended atmosphere on Pluto’s surface soon to follow, much like comets as they migrate closer in towards the Sun on their elongated orbits. 
 

 
Fig 8. The figure above shows the intermediate stage of Pluto’s devolution as well as the transformation of Mars as it is steadily terraformed over the course 

of thousands to millions of years.  As can be seen, a cloud of water and ice is beginning to accumulate along Pluto’s orbit, as the atmosphere is stripped away 
from the moon’s tenuous gravitational pull.  Also seen is the surface of Pluto, with cloud features covering a vast ocean of water.  At this point, the surface 
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pressure on Pluto would be temporarily conducive to liquid water and a water cycle.  This would only be a transitional state of Pluto however, lasting perhaps 
only a few hundred thousand years.  Deimos resides inside or near the Plutonian gas cloud, if not in orbit around Pluto. 

 
Fig 9. The figure above shows the final stages of Pluto’s devolution in its orbit around Mars.  At this point Pluto’s mass is at an equilibrium state of 

approximately 9.135x1021 kg, and the cloud of water ice and gas in Pluto’s orbit is fully developed.  It can be presumed that this far into the future Mars would 
also be fully terraformed by humans.  Deimos will likely be enveloped by the Plutonian gas cloud.  If Deimos is maintained in this orbit, it would likely break 

apart over the course of a few millennia. 
 

VIII. BENEFITS OF A PLUTONIAN MOON 
There are many benefits to having an inert, rocky moon 

orbiting in close proximity to the surface of an inhabited 
planet.  Primary among them is the ability to use Pluto as a 
base with an exceptionally weak gravity well.  In this fashion, 
Pluto would act in much the same way for Mars as the Moon 
acts for Earth.  Pluto would be a completely dead celestial 
body after 1 million years.  Like the Moon, the far side of 
Pluto could be used as an observation centre, as, in this orbit, 
it would take Pluto a very short amount of time to tidally lock 
to Mars.  But it must be understood that, due to Pluto’s 
proposed highly eccentric orbit, tidal locking would be a 
tricky scenario.  Nevertheless, assuming that when Pluto is 
placed into Mars’ orbit it has the same rotational velocity that 
it currently experiences, using the equation below, we can 
determine how long the process of tidal locking would take, to 
within an order of magnitude [15]. 

 
𝑡!"#$%! ≈

!!!!"
!!!!

!!!!!
    (11) 

 
Where 𝜔 is the initial spin rate in radians per second, a is 

the semi-major axis of the moon, I is the moment of inertia of 
the moon, Q is the dissipation function of the moon (assumed 

to be 100, though more than likely closer to 40 or 50), G is the 
gravitational constant, mP is the mass of the planet, k2 is the 
tidal love number of the moon, and R is the mean radius of the 
moon.  In order to determine the length of time to tidally lock, 
the tidal love number must also be calculated.  It can be found 
using the equation below [15]. 

 
𝑘! ≈

!.!
!! !"!

!!"#
     (12) 

 
Where 𝜇 is the rigidity of the satellite (3x1010 N/m2 for 

rocky objects and 4x109 N/m2 for icy objects), 𝜌 is the density 
of the satellite (2.03 g/cm3 for Pluto), R is still the radius of 
the satellite, and g is still the gravitational pull of the satellite 
at its surface.  Additionally, the moment of inertia must be 
found using the equation below. 

 
𝐼 ≈ 0.4𝑚!𝑅!     (13) 
 
Where mS is the mass of the satellite, and R is the satellite’s 

mean radius.  However, as the mass of Pluto changes over the 
course of its devolution, so too will its moment of inertia.  
Thus, iteration would be necessary to find the actual time to 
Pluto’s tidal locking to Mars.  Nevertheless, assuming a mass 
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of 1.10925x1022 kg, the average mass of Pluto in the first 
million years, the moment of inertia is 6.22035072x1033 kgm2.  
Pluto’s love number, assuming 15% ice and 85% rock, a 
density of 2.4025 g/cm3, a surface gravitational pull of 
0.52808 m/s2 (averages over the first 1 million years as Pluto 
depletes), is  0.0090327.  Compared to the tidal love number 
of the moon (~0.023), this makes sense.  With these results, 
the time to Pluto’s tidal locking is 70,750.2175 years.  Over 
this period, Pluto will have lost 2.691292563x1020 kg of its 
liquid mass, or roughly 6.87% depletion.  As a result, the time 
to tidally lock Pluto would need to be revised.  Iterating 
reveals the time to tidally lock to be 68,492.68 years, showing 
a very close approximation.  It can be assumed that Pluto’s 
time to tidally lock would occur well before 1 million years, 
placing it in prime position for observational astronomy. 

As Pluto devolves, the ice cloud itself could actually be 
beneficial in many ways.  Since this ice cloud will either 
dissipate into interplanetary space or remain in orbit around 
Mars, the ice that remains in orbit around Mars will 
subsequently either remain in orbit nearly indefinitely, or fall 
onto Mars itself.  This devolved gas would be entirely 
comprised of water ice, nitrogen ice, and other chemicals 
necessary to the development and sustainment of life.  Falling 
onto Mars’ surface would only further increase the potential 
that life could one day exist on the planet.  Assuming an 
average density of 1 g/cm3, and that at least 1% of said 
material actually makes it to Mars’ surface, the average depth 
that this material would add to potential oceans on Mars is as 
follows: 

 

∆𝐷! = 0.01 !!!!!,!
!
!!

! − 𝑟!    (14) 

 
Where Vw is the volume of water (3.915x1018 kg), VM,i is 

the initial volume of Mars, and rM is Mars’ initial radius.  This 
yields an increase in ocean depth of 268 meters, on top of the 
30 meters of water that is already believed to be present below 
Mars’ surface today.  This is assumed that the oceans would 
be uniformly distributed over Mars’ entire surface. 

IX. HOW TO CHANGE PLUTO’S ORBIT 
There are many possible methods for culling Pluto into the 

proposed orbit.  Principle among them is using solar wind 
energy to slowly cause Pluto to drift towards the inner solar 
system [16].  There are, however, many problems with this 
proposal.  First, this would take several thousands, to even 
millions of years to guide Pluto into the orbit.  In addition to 
taking an exceptionally long period to get to Mars, the 
possibility of collision with other celestial bodies is very high, 
with Earth within the possible “shooting gallery.”  The benefit 
to this, however, is that all of Pluto’s satellites will gently 
follow its drift inward, rather than flying off into mostly 
unpredictable directions, which could be expected from a 
more sudden change in Pluto’s trajectory. 

 

 
Fig 10. An artist’s concept of a potential method for culling in asteroids 

into orbit around Earth for mining purposes.  This could be extrapolated to 
Pluto. 

 
Another possibility is to tether a powerful spacecraft to the 

surface of Pluto (or perhaps many), and tow the body into 
orbit.  However, Pluto is exceptionally massive, meaning that 
this would be virtually impossible, even with technologies 
developed millions of years in the future.  If, however, this 
could become viable, much like the solar wind sail system, the 
other celestial bodies would follow Pluto’s migration.  
Nevertheless, Pluto would still require the perilous trek across 
billions of kilometres of interplanetary space and many years 
before finding the proper orbit.  Both of these technologies are 
already being conceptualized for celestial bodies on the order 
of 1016 kilograms; they could potentially be up-scaled for use 
on Pluto [17]. 

A third option, and perhaps the most viable (though 
admittedly exotic), is a wormhole [18].  While currently 
mostly residing in the realm of science fiction, wormholes are 
nevertheless a possibility as described in Einstein’s theory of 
relativity.  Assuming the technology can be developed, a 
massive wormhole could be created near Pluto, ahead of its 
orbital trajectory, where the other side was in the appropriate 
orbital position around Mars.  This avoids most of the 
difficulties of culling Pluto into an orbit manually, 
sidestepping any possible orbital perturbations of planets or 
moons in the solar system.  Additionally, if desired, the 
wormhole can be made large enough to envelope the entirety 
of the Plutonian system, not only Pluto itself.  This prevents 
Pluto’s moons from being jettisoned into space in 
unpredictable directions, causing a cascade of undesired 
celestial interactions.   

However, Pluto’s orbit around Mars would have to be 
vastly increased, vastly decreasing the tidal heating effects on 
Mars.  It would likely be more feasible to transport Pluto by 
itself.  But, the same technology used to transport Pluto, could 
also be used to mitigate the possible orbital chaos of Pluto’s 
moons sans its presence. 
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Fig 11. The figure above shows a conceptualized wormhole, connecting 

the flight path of Pluto with an orbit around Mars. 
  
A parameter that must be considered when using a 

wormhole for transport in this manner is the current orbital 
velocity of Pluto.  Pluto orbits the Sun at approximately 4.7 
km/sec.  Initially, Pluto would need to be placed into an orbit 
that would put its velocity somewhere near this magnitude, 
prior to further manipulation.  An orbit that would allow for 
this velocity is described by the following equation (assuming 
a circular orbit): 

 

𝑣! =
!(!!!!!)

!
    (15) 

 
Where G is the gravitational constant, m1 is the mass of 

Mars, m2 is the mass of Pluto, and r is the radius of the orbit 
from centre of mass to centre of mass.  This yields an orbital 
radius of 1978.6 kilometres.  This is impossible, as it resides 
inside the radius of Mars itself, and also inside the orbits of 

both Phobos and Deimos.  Additionally, the orbits of Pluto’s 
various moons would also intersect the bulk mass of Mars, 
meaning that either (1) the moons must be left behind, or (2) 
the orbital velocity must be reduced very rapidly at a higher 
altitude.  This would reintroduce many of the problems of 
solar sails or tows that wormholes were trying to avoid.  At 
the desired orbit of 66,374 kilometres, the orbital velocity is 
0.811 km/sec, meaning a delta v of 3.89 km/sec is required.   

This same problem must also be tackled for Deimos.  
Deimos’ current orbital velocity around Mars is 1.35 km/sec.  
Deimos would need to maintain an orbital distance around 
Pluto of a minimum of 2.819 Plutonian radii to prevent 
surpassing the Roche limit of the system.  This means that an 
orbit of 4000 kilometres, well inside Pluto’s Hill sphere, and 
well outside the Roche limit, would be most appropriate.  This 
would make Deimos’ orbital velocity approximately 0.4666 
km/sec, which necessitates a loss of 0.883 km/sec.   

In this instance, creative manipulation of the wormholes 
used to get Pluto to Mars can also be used to slow the velocity 
of Pluto through Mars’ gravity well, as well as Deimos around 
Pluto.  Rather than instantaneously placing Pluto in an orbit 
that is directly tangential to a circular path around Mars, 
initially, Pluto and Deimos’ velocity vector can be placed 
perpendicular to Mars’ centre of mass, allowing for the use of 
Mars’ own gravity to slow the bodies down.  Once the 
velocity vectors are reduced sufficiently, another wormhole 
will be placed at a specified orbit which will place the bodies 
into their final desired orbital locations.  It must be noted that 
if this maneuver is not conducted for Deimos very soon after 
Pluto’s entry into Mars’ orbit, it is likely that Deimos would 
break apart very shortly thereafter due to Pluto’s Roche limit. 

 

 
Fig 12. The figure above shows a possible wormhole maneuver that would allow for the initial velocity of Pluto to be burned off through the gravitational 

pull of Mars itself.  This can be iterated as many times as necessary depending on the velocity reduction requirements, and also used for Deimos. 
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Fig 13. The figure above shows the maneuver that would need to be conducted in order to place Deimos into a viable orbit around Pluto. 

 
 

To achieve the required 3.89 km/sec reduction in velocity 
for Pluto, assuming the starting altitude of the maneuver is 
2000 kilometres above Mars’ surface, integration and iteration 
is necessary due to the constant reduction in Mars’ gravity 
with altitude.  It is as follows.  First the initial time to 
deceleration must be found using a reference gravitational pull 
(the gravitational pull at 2000 kilometres altitude): 

 
𝑣! = 𝑣! + 𝑎∗𝑡∗     (16) 
 
Where vo is the initial velocity, t is time in seconds, and a is 

gravitational acceleration.  The stars indicate iteration.  This 
yields 2643 seconds in the first iteration using a gravitational 
pull of 1.4712 m/s2.  Using an average velocity over the 
period of travel of 2755.5 m/s, the distance travelled in this 
period is 7282.8 kilometres.  Discovering this distance, it is 
now possible to determine the average gravitational pull over 
the altitude interval using the equation below. 

 
𝑔!"# =

!!!
!!!

!
!!
𝑑𝑟!

!     (17) 
 
Where G is the gravitational constant, MM is the mass of 

Mars, and r is the altitude from Mars’ centre of mass.  Using 
this equation, the average gravitational pull of the first 
iteration interval is 0.626122 m/s2.  Continuing iteration two 
more times reveals that the total time to reach desired velocity 
is 17,529 seconds, taking 48,302.6 kilometres to do so.  This 
distance surpasses both the apogee (41,483 km) and perigee 
(24,890 km) limits of the desired orbit, meaning that the 
wormhole maneuver must be iterated.  As this maneuver will 
take roughly 5 hours to complete, this time can be used to 

calculate the necessary velocity burns to a high degree of 
accuracy as well as conduct on-the-spot science of the 
maneuvers’ effects on all of the celestial bodies involved.  
Once Pluto is placed into the proper orbit, orbital eccentricity 
can be changed with similar procedures, as can the orbital 
parameters of Deimos. 

There are many more added benefits to the proposed orbit 
of Deimos.  Firstly, Deimos has a very small Hill sphere of its 
own in this circumstance, meaning that satellites can be placed 
in a gravitationally neutral orbit around Deimos only 5.3 
kilometres above its surface.  Additionally, as with Pluto after 
its devolution phase, Deimos can act as a micro-gravity 
observation base.  Though, like Pluto’s orbit around Mars, 
Deimos’ new orbit would also lead to eventual degradation 
due to its velocity and proximity to Pluto’s surface.  Like 
Pluto’s orbit, it would be monitored in perpetuity. 

X. CONCLUSIONS 
It is understood that the majority of the ideas posited in this 

paper will not be possible for another perhaps few thousand to 
few million years.  Those things which were discussed in this 
paper were theoretical possibilities with regards to tidally 
heating Mars to produce a magnetosphere through utilization 
of the Plutonian system and known astrophysical functions in 
conjunction with wormholes.  Frankly, this paper was meant 
to be far-fetched, at least in the immediate term; the purpose 
was to provoke thought.  Nevertheless, it was shown that it is 
potentially possible to tidally heat Mars by placing Pluto in an 
eccentric orbit to such an extent that enough of the metallic 
core would melt to reignite the world’s dynamo and thus 
produce a magnetic field which would be able to protect a 
future manufactured atmosphere.  It was also shown that 
clever use of wormholes could yield tantalizing possibilities, 
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and allow for the necessary orbital maneuvers of all Martian 
satellites to achieve nearly immediate equilibrium with each 
other. 

A topic only sparsely discussed earlier was the chance that 
Pluto, when placed in orbit around Mars, may itself be 
habitable for a short period, the interval of time before total 
atmospheric depletion.  It must be noted that this paper only 
addressed a small number of possibilities, and leaves fertile 
soil upon which other scientists may plant seeds that expand 
on these concepts at a later point. 

 

 
Fig 14. The figure above shows a comparison of the atmospheres of Pluto 

and Mars in the interval between 10,000 and 1 million years after Pluto’s 
initial placement and warming up.  This period of a large Plutonian 
atmosphere is temporary, but gives way to many possibilities. 

 
Once wormhole technology is invented at some later date, 

depending on the size of the wormholes that will be viable, the 
possibilities of manipulating the physics of our solar system 
grow exponentially.  While this exercise shows the potential 
to bring Pluto into orbit around Mars for desired effects, the 
concepts can be extrapolated to other celestial bodies like the 
moon Titan, and even Mars itself.  While true that there are 
many other physical variables that must be taken into 
consideration before such a venture can even be attempted, the 
basic blueprints can be seen here. 

All of the numbers derived in this paper were meant to 
fulfil specific engineering requirements.  Depending on the 
requirements assigned at later times, all numbers will 
eventually change; nothing here is set in stone. 
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