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In the future, there will be a need for constant cargo launches from Earth to Mars in 

order to build, and then sustain, a Martian base.  Currently, chemical rockets are used for 

space launches.  These are expensive and heavy due to the amount of necessary propellant.  

Nuclear thermal rockets (NTRs) are the next step in rocket design.  Another alternative is to 

create a launcher on the lunar surface that uses magnetic levitation to launch cargo to Mars 

in order to minimize the amount of necessary propellant per mission.  This paper 

investigates using nuclear power for six different cargo launching alternatives, as well as the 

orbital mechanics involved in launching cargo to a Martian base from the moon.  Each 

alternative is compared to the other alternative launchers, as well as compared to using an 

NTR instead.  This comparison is done on the basis of mass that must be shipped from 

Earth, the amount of necessary propellant, and the number of equivalent NTR launches.  Of 

the options, a lunar coil launcher had a ship mass that is 12.7% less than the next best option 

and 17 NTR equivalent launches, making it the best of the presented six options. 
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I. Introduction 

URRENTLY, chemical rockets are the traditional propulsion method used to send cargo from Earth to other 

planets, but this is slow, heavy, and the rocket must carry a great deal of propellant for the entire trip, increasing the 

rocket mass.  The fuel can range from solid to liquid to a hybrid fuel source.  Even with this variety of fuel sources, 

the specific impulse is limited to between 250-450 s [1].  Space missions require high thrust which requires a large 

amount of propellant for chemical rockets.   

Nuclear thermal rockets, NTR, are an improvement upon traditional chemical rockets.  However, using an NTR 

to send cargo from Earth to Mars, the mass of the propellant for the entire mission must be carried onboard as well.  

The amount of propellant and structure that is required for each mission will become prohibitively expensive.  This 

is because an incremental increase in the payload results in a significant increase in the mass of the structure and 

propellant required.  Nuclear thermal rockets can be expendable, single burn, or multi-burn.  They have an engine 

thrust-to-weight ratio range of 3-10 and a specific impulse between 850-1,000 s [2].  Even with these improvements 

over chemical rockets, creating and sustaining an outpost on Mars, which would require frequent cargo launches, 

would be increasingly expensive using NTRs. 

An alternative to chemical rockets and NTRs is to create an electromagnetic lunar launcher to perform 

interplanetary transfers.  This alternative would require electricity for launch instead of propellant.  To launch cargo 

to Mars using this alternative method would require minimal on-board propellant and structural requirements.  Also, 

an incremental increase in the payload results in an incremental increase in the power requirements, unlike the NTR 

and chemical rockets.  In the future, the electromagnetic lunar launcher could be flexible for other interplanetary 

launches as well. 

II. Nuclear Power 

An important consideration in the design of the electromagnetic launcher is the design of the surface power 

system. Two main types of surface power systems can be utilized to provide the required power for the 

electromagnetic launcher; i.e. solar power and nuclear power. When deciding between the two power options, three 

factors must be considered. The first factor is the location requirement. For the solar power option, there is a very 

stringent location requirement so that enough solar energy is received by the system. In comparison, the nuclear 

power option’s requirements are mostly related to ensuring adequate radiation shielding from the reactor core. The 
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second factor under consideration is the mass of the system. For solar power system, the mass of the system 

increases significantly for increasing power requirements [3]. This is not the case for a nuclear power system which 

is typically more compact, resulting in a system mass increase proportional to the increasing power requirements. 

The final factor to be considered is the maintenance requirements for the different systems. For the solar power 

system, the system is significantly affected by the lunar environment, specifically lunar dust.  This could inhibit the 

amount of solar energy collected by the solar panels. For the nuclear power option, there are reduced maintenance 

requirement when compared with the solar power system. Given the advantages of nuclear power systems when 

compared to solar power systems, it has been determined that nuclear power would be the most advantageous 

system to use to provide power to the electromagnetic launcher.  Various nuclear reactors are examined and a 

summary of their various characteristics can be seen in Table 1. 

Table 1 Summary of comparison data for nuclear reactor systems 

Nuclear System Power per 
Reactor, kWe 

Specific Mass, 
kg/kWe 

Total System 
Mass, tons 

SCoRe 450 1.07 73 
SP-100 550 1.28 1112 
HPS 2000 4.55 315 
SUSEE 3000 3.00 202 
HTGR 10000 0.85 198 
LMR 20000 0.26 232 

 

The main design drivers when deciding between the different nuclear surface power system options are the 

specific mass of the system, the total mass of the system to be shipped, and the number of reactors needed to provide 

the necessary power.  Different nuclear systems have been compared for a power requirement of 29.3 MWe. 

Although the specific mass of the Sectored Compact Space Reactor (SCoRe) [4] and SP-100 [5] reactors are 

relatively low, the power requirement of the launcher requires multiple reactors to be utilized for surface power 

system which significantly increases the maintenance requirements. The Heat-Pipe Power System (HPS) [6] and 

SUSEE [7] meanwhile have relatively higher specific mass, which results in higher system mass for the given power 

requirement. The two most promising reactor systems are the High Temperature Gas Reactor (HTGR) [8] and the 

Low specific Mass Reactor (LMR) [9]. From comparison of the two reactors, it has been determined that the HTGR 

is the best system for the electromagnetic lunar launcher due to its low specific mass and low total system mass. The 

HTGR system provides a 10 MWe per reactor with a specific mass of 0.85 kg/kW. This means, that for a power 

requirement of 29.3 MWe, three reactors will be necessary, resulting in a ship total system mass of 198 metric tons.  



In addition to choosing the specific reactor to be used to provide the necessary power, some thought must also be 

given to the radiation shielding and heat rejection methods. To reduce the ship mass and provide the necessary 

radiation shielding of the nuclear core, lunar regolith has been incorporated into the radiation shield [6]. The 

configuration chosen for a radiation shield is the regolith-refill buried configuration. This configuration provides the 

necessary reactor shielding with minimal ship mass and regolith movement. For heat rejection considerations, it was 

determined that using a typical heat pipe radiator would require a total radiator area of 3,600 m2 resulting in a total 

heat rejection system mass of 47.4 metric tons. To reduce the total mass of the heat rejection system, different heat 

rejection methods have been compared. One alternative method is the liquid droplet radiator. The liquid droplet 

radiator increases the surface area of the working fluid allowing for faster heat rejection. However, a major 

disadvantage of the liquid droplet radiator is that the working fluid is exposed to the lack of atmosphere, which 

results in significant evaporation losses and fluid contamination [10]. Another alternative is to utilize a rotating 

bubble membrane radiator. The rotating bubble membrane radiator also increases the surface area of the working 

fluid, but is more compact than the liquid droplet radiator [11]. Furthermore, the working fluid for rotating bubble 

membrane radiator is contained, resulting in lower evaporation losses and less contamination. Thus, the rotating 

bubble membrane radiator was chosen as the heat rejection method for the electromagnetic launcher. 

Because of its superior efficiency and low total mass, a High Temperature Gas Reactor has been chosen.  Using 

the HTGR, only three reactors would be necessary in order to provide the proper amount of power.  The HTGR 

needs shielding, which would be provided using lunar regolith, as well as a method for heat rejection.  The best heat 

rejection method for this situation is the rotating bubble membrane radiator because it increases the surface area of 

the working fluid within a closed system. 

III. Interplanetary Lunar Launcher 

The interplanetary lunar launcher has many different options from magnetic track to levitating coils.  For this 

reason, the options are split into six different categories.  The first uses current (2012) technology and the 

subsequent options become more theoretical.  The interplanetary lunar launcher will have a payload of 100 tons, 

with a radius of 10 m and a length of 28 m.  The launcher system length, based on the parameters assumed for the 

study, is about 88 km.  This payload will be launched from Earth to low Earth orbit (LEO) using an NTR and then 

an NTR will be used to transport the cargo to low lunar orbit (LLO).  Once on the moon, the launch window for the 



launcher for Mars is variable but the launchers are designed to launch once a day.  Due to the possible fragility of 

the cargo, the maximum g-force that the cargo can endure has been limited to 15 G’s.  The ΔV to escape from both 

Earth and the moon’s gravity wells is 5 m/s.  

A. Option 1: Maglev 

 Option one uses all current technology in order to make a magnetic levitating train (maglev) to launch a 100 ton 

payload from the lunar surface to Mars.  The lunar maglev design is based on the German Transrapid, a high-speed 

monorail train that uses magnetic levitation. 

 The levitation system used is electromagnetic suspension (EMS).  The interaction between the magnets and coils 

in the track provide a constant levitation between one and ten centimeters [12].  The propulsion source is from long 

primary type stator coils.  The smaller air gap associated with using a linear motor means that the efficiency 

approaches 80% [10].  Magnetic repulsive forces are used as the guidance system which keeps the sled on the track. 

 For the lunar maglev track, the support structure and dead-man anchors are made from carbon steel, and the 

track and sled have the option of being made from carbon steel or aluminum.  The superconducting magnets are 

magnesium bromide because they are less brittle and can handle the extreme temperature swings that occur on the 

lunar surface [12].  All the components in option one are constructed on Earth and then shipped to the lunar surface 

for final construction. 

B. Option 2: In-Situ Maglev 

 Option two is based on the same current technology as option one but will be constructed from as much in-situ 

material as possible.  The mass is the limiting factor for this project because it is expensive to ship cargo from Earth 

to the moon.  By using lunar resources to construct as many of the option two components as possible, the mass, and 

therefore the cost, can be minimized.  It is assumed that once the extraction and mining equipment for obtaining the 

in-situ materials has arrived on the moon, using them is effectively cost-free.  The equipment that must be sent up 

includes dump trucks, cranes, electric shovels, and the equipment for a refining/LOX plant [15].  Certain 

components of the launcher must still be constructed and shipped from Earth, including the superconducting 

magnets, the reactors, and parts of the capacitors. 



 In option two, iron or sulfur concrete makes up the structure.  The construction material for the structure depends 

on the location of the track on the lunar surface and the amount of structure that is required in that location.  The 

sulfur concrete is created using 20% sulfur extracted from the moon and 80% regolith as aggregate [11].  The tracks 

are constructed from in-situ iron.  The capacitors, for energy storage, are barium titanium dioxide.  These are made 

from titanium dioxide that can be found on the moon, resulting in less shipping mass. 

C. Option 3: Linear Synchronous Motors 

 Linear synchronous motors (LSM) are traditionally used in maglev systems such as option one and two.  

They use opposing magnetic poles in the center of the sled for levitation.  Behind the sled, the poles are the same 

resulting in a pushing force; in front of the sled the poles are opposite resulting in a pulling force on the sled.  Due to 

the nature of the atmosphere and the reduced gravitational field on the moon, LSM can be used individually with 

reduced structural components as compared to Earth-based maglev systems. 

The LSM used in option three are double sided, planar, air-cored, and slotless with only one internal armature.  

By using air-cored LSM, the lunar atmosphere can act as a cooler, resulting in a reduced launching mass from Earth 

as compared to iron-cored LSM.  Slotless LSM result in a higher efficiency within the higher speed range, lowers 

the cost of the winding, lowers the acoustic noise, and lowers the thrust pulsations making the LSM more stable at 

higher speeds [13].  For a LSM, there are two options for a damper: aluminum cover or solid steel pole shoes.  A 

damper is used to mitigate the effects of small changes in the speed or magnetism within the LSM.  It dampens the 

oscillations allowing the motor to return to synchronous operation, as well as reducing the backward traveling field 

[13].  Because aluminum can be extracted from the moon, an aluminum cover will be used as the damper, even 

though using an aluminum cover increases the mass of the system more than the steel pole shoes would. 

D. Option 4: Conductive Glass Road 

 Option four uses in-situ materials in order to create the entire structure and roadway for a sled and cargo to 

travel down in order to reduce the shipping mass.  The roadway is created by sintering regolith into glass.  Adding 

in-situ aluminum to the regolith as it is being sintered and inducing a magnetic charge in it would allow the track to 

be conductive.  Because the structure is now a flat glass road, all the levitation and propulsion mechanisms are 

incorporated into the sled.  Lasers beam power to the sled from the surface reactors.  Including the superconducting 

magnets, cargo, power beaming receiver, and heat radiators, the mass of the sled would be about 920 tons. 



Using power beaming, the entire amount of necessary power to launch the cargo must be sent to the sled 

simultaneously.  In regards to the lasers, the maximum efficiency for light conversion is 50% and due to laser 

diffraction, there is another large efficiency drop-off of 20% in 12 km [14].  Due to these efficiencies, the power 

needed increases to 268 GW which would results in needing 10.72 million lasers.  Also, the entire track must be 

completely flat so the laser has direct line of sight to the sled for the entire length of the track [16].  This results in 

extra structural components for the glass road.  Due to the number of lasers needed and the excessive amount of 

power that must be produced and beamed simultaneously to the sled, this option is deemed unfeasible at this time 

without groundbreaking technology advancement. 

E. Option 5: Coil Launcher 

 Another option for the lunar launcher is to use electromagnetic coils to accelerate the payload from the lunar 

surface into the orbit of Mars.  The circular coils are arranged perpendicularly along the axial length of the track and 

a specified current in applied to each coil.  Due to Ampere’s Law, the current flowing in the coils will induce a 

magnetic field.  This magnetic field will in turn induce a net force on the payload placed in the center of the coils.  

This electromagnetic force is sufficient to levitate and center the payload.  By controlling the current in each coil 

along the axial direction of the track, a net axial force can be produced which results in a linear acceleration of the 

payload along the axial direction.  An attractive feature of the electromagnetic coil launcher design is the ability of 

the system to center the payload, providing the necessary centripetal force to keep the payload along the track as it is 

being accelerated.   

Previous studies on utilizing electromagnetic coil launchers have been carried out.  In 1977, a summer study at 

NASA Ames Research investigated a conceptual design analysis of electromagnetic coil launcher on the lunar 

surface [21].  Additionally, recent research utilizing electromagnetic coils as coil-guns have also been carried out at 

Sandia National Laboratory [22].  The research has concluded that electromagnetic coils are a possible alternative 

method to accelerate payloads to the required velocity without the use of rockets. 

The design of the coil lunar launcher is primarily based on the work carried out by the 1977 summer study at 

NASA Ames Research Center.  However, to reduce the shipped mass of the design, modifications in the design are 

carried out to use as much in-situ resources as possible.  For the modified design, the coils, structure, and capacitors 

are made with in-situ resources.  The resources include aluminum, regolith derivatives, and titanium dioxide. 



F. Option 6: Orbital Accelerator 

 One practical difficulty that was encountered in the course of studying a lunar electromagnetic launcher was 

the scale of the project, 88km as previously stated.  In orbit, the length of the system becomes immaterial as the 

accelerating force is imparted over a large distance without the use of a coherent structure.  A number of 

electromagnetic accelerator modules may be placed in a polar orbit in order to accelerate a payload over the course 

of 1,000 km or more.  Each unit stores a small portion of the total energy that must be imparted onto the payload.  

Preliminary estimates suggest that the power requirements for this system are easily met with conventional 

photovoltaic arrays.  If a solar concentrator is used to illuminate an actively cooled solar array, mass savings are 

achieved [20]. The acceleration of the payload imparts a uniform momentum onto each module; this results in the 

orbital velocity of each module being slightly perturbed. 

Instead of expending propellant to reposition each module back into the launch configuration, the accelerator 

coil in each module may be energized.  The resultant magnetic field will interact with the Earth’s magnetosphere, 

imparting a force that will result in each module being repositioned into the proper orbit. Electrodynamic tethers 

may also be extended to provide the repositioning force as well as handling routine station-keeping and attitude 

control functions [19]. Each module may be repositioned within Earth’s magnetosphere in a manner of hours.  The 

energy storage system on board for energizing the coils during a launch may be recharged in similar duration. 

The circular polar orbit will be parallel to the ecliptic twice during each two hour orbital period. When the end of 

the accelerator system is tangent with the ecliptic, a payload may be launched through the system.  The design of the 

system inherently allows the change in velocity that is imparted onto the payload to be continuously variable, 

allowing the orbital accelerator to have a suitable launch window. 

IV. Analysis 

The options are compared three different ways: total shipped mass, total propellant mass, and the number of 

equivalent NTR launches.  The total shipped mass is the mass of any components or materials that must be shipped 

from Earth in order to construct the interplanetary lunar launcher.  The total propellant mass takes into account both 

launching the total shipped mass from Earth to the lunar surface, as well as the propellant needed to put the launched 

cargo into the orbit of Mars.  The number of equivalent NTR launches takes into account how many launches of an 

NTR are equal to one launch of each of the various interplanetary lunar launchers. 



The conductive glass road is not compared to the other options due to the unfeasibility of the option at this time.  

As power beaming technology continues to advance, this option may become feasible and then a comparison to the 

other options could be completed. 

The orbital accelerator is a theoretical design for which the technology does not yet exist.  Due to the nature of 

this option, the mass that must be shipped from Earth could not be calculated to the detail of the other options.  Also, 

because the orbital accelerator is in medium Earth orbit instead of being on the lunar surface, the launchers are not 

directly comparable. 

Table 2 Summary of comparison data 

Option Shipped Mass, 
tons 

Total Propellant 
Mass, tons 

Equivalent 
NTR 

Launches 
Maglev 44797 219751 1112 
In-Situ Maglev 961 4945 25 
LSM 710 3715 19 
Coil Launcher 620 3276 17 

 

For each of the lunar-based options, the mass for the nuclear surface reactors to provide the necessary power is 

the limiting factor.  The HTGR produces 10 MW per reactor with a mass of 49.4 tons each [18].  The launchers are 

designed to be launched daily in order to take advantage of every launch window.  The power storage is not 

reducing the mass as much as it could if the launch windows were more consistently spaced. 

Table 3 Comparison of reactor mass versus total shipped mass 

Option Shipped Mass, 
tons 

Mass of 
Reactors, tons 

Reactor Mass 
Percentage, % 

Maglev 44797 98 0.2 
In-Situ Maglev 961 98 10.2 
LSM 710 148 20.8 
Coil Launcher 620 148 23.9 

 

The percentage of the reactor mass of the total shipped mass is shown in Table 3.  Initially, the reactor mass was 

the limiting factor for shipping components to the lunar surface.  By using the HTGR and its increased power-to-

mass ratio of 0.20 MW/ton, the percentage of the shipping mass that is made up by the reactors is decreased. 

The coil launcher is the best option according to all three comparisons.  The amount of mass that must be 

shipped is the lowest which results in less propellant being used.  Because less propellant is used, there are a lower 

number of equivalent NTR launches.  This means that each launch of the coil launcher sends 100 tons of cargo to 



Mars from the lunar surface.  For the same amount of propellant, 1,700 tons of cargo could be sent to Mars directly 

from Earth using NTRs.  According to these comparisons, NTRs are better to use as compared to the various 

launcher options. 

V. Orbital Mechanics 

Determining the usefulness of a lunar launcher hinges on whether the orbital mechanics allow for ∆V savings 

through an impulsive launch. Using AGI’s Satellite Tool Kit, lunar launches were simulated for a three year period 

to characterize the launch dates and patterns. 

Figure 1  The orbit of the moon around the Earth with respect to the Sun 

Shown above in Figure 1, the Earth and Moon orbit the sun in a counter-clockwise direction. Due to this orbital 

route and the tidally locked Moon, the launcher must be placed on the far side of the moon away from the Earth in 

order to take full advantage of the Earth-Moon system. Building the launcher on the Earth-facing side of the Moon 

or light side would greatly restrict launch windows and would be fighting against the 1 km/s rotation of the Moon.   

According to initial estimates, a local minimum energy launch opportunity would occur every 26 months with an 

absolute minimum every 16 years.  This was determined following the synodic period of the Earth-Mars system. 

 
 



 

Figure 2  The possible launch dates over a 26 month period using less than 5 km/s ∆V 

The initial launch feasibility study was conducted by iterating over each day in a 1,067 day period. A launch is 

considered feasible if the launched payload could be in phase with Mars on a launch ∆V of less than 5 km/s.  The 5 

km/s limitation is a trade-off between increasing the number of launch dates and decreasing the amount of mass and 

power necessary to install and use on the lunar surface. These results represent only the launch to Martian orbit, not 

a Mars capture orbit. Figure 2 can be difficult to interpret due to the amount of data collected, but there are 

approximately 30 launch dates per year over the three year period. However, there is a period of about 450 days of 

inactivity where the orbits of the Earth-Moon system and Mars are completely out of phase. Using this limited 

launcher, there are numerous possible launch dates, but with a more powerful launcher, the number would increase. 
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Figure 3  Expansion of the 2nd through 4th months to show detailed, month-by-month characteristics 

The original plan was to launch once per month in order to charge up the system, resulting in less nuclear 

reactors to provide the necessary power.  After determining the future launch windows, this plan was deemed 

unrealistic. Because the launch windows occur in a quick succession of days, daily launching capability must be 

available when the windows are open to maximize the effectiveness of a lunar launcher. The duration in which the 

launcher is unable to launch to Mars is due to the lunar orbit period. To highlight how an extended lunar launcher 

could affect launch capabilities, the same 3-month period is shown with a limit of 12 km/s instead of 5 km/sin 

Figure 4.  This increase in capability nearly doubles the number of launches in the period, from 22 total and 7.3 

average per month to 40 total and 13.3 average. These high energy launch windows have some major drawbacks.  

The ∆V required to fix the orbits into a Mars capture orbit increases from an average of 5.8 km/s for the launches 

under 5 km/s to about 9.3 km/s for the launches up to 12 km/s.  The phasing orbit can take an extraordinarily long 

period of time compared to the slower launches as well.  Since the payload is launching well ahead of Mars, the 

payload enters a much larger orbit and waits for Mars to catch up in a more eccentric orbit, thus the time of flight 

can be between 1.5 and 3 years.  
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Figure 4  Effects of extended lunar launcher on launch availability 

A simple launch with no correction will not lead to a Mars capture orbit without a midcourse correction. 

Midcourse corrections for three selected months have been generated and the results are shown below in Figure 5 

 

Figure 5  Total necessary delta V based on launch date 
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The red line represents the ∆V capability the payload craft will have to possess beyond launch. In all cases, it is 

at least as much as the launch ∆V if not more. However, these are non-optimized cases.  Optimization can lead to 

more accurate and lower ∆V values. The average correction for launches under 5 km/s is 5.8 km/s of which 3.6 km/s 

being dedicated to the transfer orbit and 2.2 km/s used for the actual capture. 

Using the Mars Mission Trajectory Optimization Program (MMTOP), a Matlab script developed at the Center 

for Space Nuclear Research, the average optimized ∆V for a LEO to Mars trajectory is shown in Table 4. The 

propellantless ∆V is the average launch requirement. The average ∆V savings per launch can be used to calculate 

mass fractions and drives the entire gear ratio. Further optimization of the launches and captures would drive this 

number higher but conservative estimates of the average savings is about 3 km/s. 

Table 4 Optimized delta V for LEO to Mars trajectories 

Option 
Average 
Propellant 
∆V, km/s 

Average 
Propellantless 
∆V, km/s 

Average Savings 
per Launch, km/s 

NTR 8.75 0 --- 
Lunar Launcher 5.81 4.35 2.94 

 

The orbits involved with a lunar launcher provide brief periods of very active launch windows contrasted with 

long durations of inactivity, so increasing the power availability would greatly aid in providing more launches. 

Although higher ∆V launches enable a greater volume of launches, the drawbacks of a much higher transit time and 

fuel requirements reduce the effectiveness of the launch system. The optimum between flight time, ∆V for 

correction, power consumption for charging, and launch windows appears to be at a launcher capable of 5 km/s 

launches. 

Despite the work presented here, there is more work to be done in the future to completely understand the orbital 

mechanics of a lunar launcher. The mid-course correction ∆V’s are high estimates since the trajectories were non-

optimized. To get a better understanding of the savings of the launcher, optimized trajectories would be necessary. 

Comparing some of the high energy launch dates from the launcher with NTR LEO launches would also determine 

if there are ∆V savings to be found. Determining an efficient lunar delivery schedule may also reduce the cost of 

delivering the lunar launcher parts to the moon’s surface. Extending the launch window study would be useful to 

analyze far reaching patterns. 



VI. Conclusions 

The coil launcher is the best alternative to chemical and nuclear thermal rockets for launching cargo to Mars.  By 

using in-situ resources, the shipped mass is 620 tons which reduces the necessary propellant to 3,276 tons.  The 

equivalent number of NTR launches is 17, which is 2 less than any other lunar-based option.  Also, due to the 

modular nature of the coil launcher, adding more coils in the future to either launch people from the moon to Mars at 

slower speeds or launch cargo to farther planets are higher speeds.  By launching to multiple planets, the number of 

launch windows for the coil launcher increases. 

The other options, specifically the conductive glass road and the orbital accelerator, may become more 

competitive in the future with better technology.  With a continuing increase in the power beaming technology, the 

efficiency will increase, thereby reducing the number of lasers necessary.  This will make option four, the 

conductive glass road, more feasible and worth further investigation.  The orbital accelerator can become more 

competitive when the technology to complete this project exists.  The capability for flexible launch windows is a 

large advantage for option six, the orbital accelerator, over the other stationary, lunar-based options. 

With all six of the options, the NTRs outperform any of the alternative cargo launcher designs.  Unless large 

developments are made in reducing the shipped mass of the launchers, the lunar launchers cannot compete.  Also, an 

increase in the launch windows would make the lunar launcher options more reasonable.  One way to increase the 

launch windows would to enable the interplanetary lunar launcher to adjust its angle on the ecliptic plane.  Due to 

these issues, research should continue on improving NTRs. 
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