
Article Interstellar Flight 5 2 16 AFTER RBC 

 

 

 

Flight of Outer Solar System 
 

Alexander Bolonkin 

C&R, abolonkin@gmail.com 
 

Abstract 
Author researches, discusses and estimates the need parameters of launch systems the mini automatic probe for 

flight to the nearest star systems “Alpha-Centauri” and others. He shows that problem is very difficult for current and future 

technology. Launch requests gigantic energy, expensive equipment and large trip time. The conventional nuclear and 

thermonuclear on-board reactors cannot also solve this problem (Part 1).   

Author offers and researches three new possible perspective propulsion systems: multi-reflex light system used new 

sell-multi-reflex mirror and lasers (Part 2); cold plasma beam from Earth (Part 3) and on-board Micro Black Hole (MBH) 

nuclear photon rocket (Part 4). In all methods, he offered innovations, which make possible to implement all with current 

technology. Two first methods request the high altitude (40 ÷ 80 km) mast. 

He estimates: the requested launch system (laser multi-reflect propulsion, cold plasma beam propulsion, MBH 

nuclear propulsion, etc.);grown and board equipment, energy installation (generator and accelerator); interstellar flight; 

environmental, medium drag; interstellar micro particles; communication with Earth. Author showed – the most realistic 

interstellar launch system is laser beam used the cell reflective mirror or ultra-cold plasma beam. 

 

Keywords: interstellar launch, interstellar flight, interstellar propulsion and generator systems, laser beam, cell mirror, 

laser propulsion, plasma beam propulsion, photon rocket, micro black hole generator. 
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Introduction 

Review of Main Problems and interstellar flight. 
Interstellar travel is the term used for hypothetical piloted or unpiloted travel between stars. 

Interstellar travel will be much more difficult than interplanetary spaceflight; the distances between 

the planets in theSolar System are less than 30 astronomical units(AU)—whereas the distances between 

stars are typically hundreds of thousands of AU, and usually expressed in light-years. Because of the 

vastness of those distances, interstellar travel would require a high percentage of the speed of light, or 

huge travel time, lasting from decades to millennia or longer. 

The speeds required for interstellar travel in a human lifetime far exceed what current methods 

of spacecraft propulsion can provide. Even with a hypothetically perfectly efficient propulsion system, 

the kinetic energy corresponding to those speeds is enormous by today's standards of energy production. 

Moreover, collisions by the spacecraft with cosmic dust and gas can produce very dangerous effects 

both to passengers and the spacecraft itself. 

A number of strategies have been proposed to deal with these problems, ranging from giant arks 

that would carry entire societies and ecosystems, to microscopic space probes. Many different spacecraft 

propulsion systems have been proposed to give spacecraft the required speeds, including nuclear 

propulsion, beam-powered propulsion, and methods based on speculative physics. 

In April 2016, scientists announced Breakthrough Stars hot, a Breakthrough Initiatives program, 

to develop a proof-of-concept fleet of small centimeter-sized sail spacecraft, named Star Chip, capable 

of making the journey to Alpha Centauri, the nearest extrasolar star system, at speeds of 20% and 

15% of the speed of light, taking between 20 to 30 years to reach the star system, respectively, and about 

4 years to notify Earth of a successful arrival. 

Interstellar distances.  

Because of this, distances between stars are usually expressed in light-years, defined as the 

distance that a ray of light travels in a year. Light in a vacuum travels around 300,000 kilometers 

(186,000 miles) per second, so this is some 9.46 trillion kilometers (5.87 trillion miles) or 63,241 AU in 

a year. Proxima Centauri is 4.243 light-years away. 

Another way of understanding the vastness of interstellar distances is by scaling: one of the closest stars 

to the Sun, Alpha Centauri A (a Sun-like star).  

Required  energy  

The velocity for a manned round trip of a few decades to even the nearest star is several thousand 

times greater than those of present space vehicles. This means that due to the v2 term in the kinetic energy 

formula, millions of times as much energy is required. Accelerating one ton to one-tenth of the speed of 

light requires at least 450 PJ or 4.5 ×1017 J or 125 terawatt-hours (world energy consumption 2008 was 

143,851 terawatt-hours), without factoring in efficiency of the propulsion mechanism. This energy has 

to be generated on-board from stored fuel, harvested from the interstellar medium, or projected over 

immense distances. 

 

Interstellar medium 

A thorough knowledge of the properties of the interstellar dust and gas through which the vehicle 

must pass will be essential for the design of any interstellar space mission. A major issue with traveling 

at extremely high speeds is that interstellar dust may cause considerable damage to the craft, due to the 

high relative speeds and large kinetic energies involved. 
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Travel time 

An interstellar ship would face manifold hazards found in interplanetary travel, including 

vacuum, radiation, weightlessness, and micrometeoroids. Even the minimum multi-year travel times to 

the nearest stars are beyond current manned space mission design experience. 

Communications 

The round-trip delay time is the minimum time between an observation by the probe and the 

moment the probe can receive instructions from Earth reacting to the observation. Given that information 

can travel no faster than the speed of light, this is for the Voyager 1 about 36 hours, and near Proxima 

Centauri it would be 8 years. Faster reaction would have to be programmed to be carried out 

automatically. Of course, in the case of a manned flight the crew can respond immediately to their 

observations. However, the round-trip delay time makes them not only extremely distant from, but, in 

terms of communication, also extremely isolated from Earth (analogous to how past long distance 

explorers were similarly isolated before the invention of the electrical telegraph). 

Interstellar communication is still problematic – even if a probe could reach the nearest star, its ability 

to communicate back to Earth would be difficult given the extreme distance.  

Prime targets for interstellar travel 

There are 59 known stellar systems within 20 light years of the Sun, containing 81 visible stars. 

The following could be considered prime targets for interstellar missions: 

   The closest star system to Solar System is Alpha Centauri. Distance is 4.3 light year (ly). System 

has three stars (G2, K1, M5). Component A is similar to the Sun (a G2 star). Alpha Centauri B was 

thought to have one confirmed planet, but this was a false positive. The second closest star is Barnard’s 

Star. Distance is 6 light year. One is small, low-luminosity M5 red dwarf. 

 

Propulsion system 

Rocket concepts. All rocket concepts are limited by the rocket equation, which sets the characteristic 

velocity available as a function of exhaust velocity and mass ratio, the ratio of initial (M0, including fuel) 

to final (M1, fuel depleted) mass. 

Very high specific power, the ratio of thrust to total vehicle mass, is required to reach interstellar targets 

within sub-century time-frames. Some heat transfer is inevitable and a tremendous heating load must be 

adequately handled. 

Thus, for interstellar rocket concepts of all technologies, a key engineering problem (seldom explicitly 

discussed) is limiting the heat transfer from the exhaust stream back into the vehicle. 

Light Beamed propulsion. The power per thrust required for a perfectly collimated output beam is 

300 MW/N (half this if it can be reflected off the craft); very high energy density power sources would 

be required to provide reasonable thrust without unreasonable weight. The specific impulse of a 

photonic rocket is harder to define, since the output has no (rest) mass and is not expended fuel; if we 

take the momentum per inertia of the photons, the specific impulse is just c, which is impressive. 

However, considering the mass of the source of the photons, e.g., atoms undergoing nuclear fission, 

brings the specific impulse down to 300 km/s (c/1000) or less; considering the infrastructure for a reactor 

(some of which also scales with the amount of fuel) reduces the value further. Finally, any energy loss 

not through radiation that is redirected precisely to aft but is instead conducted away by engine supports, 

radiated in some other direction, or lost via neutrinos or so will further degrade the efficiency. 

A light sail or magnetic sail powered by a massive laser or particle accelerator in the home star 

system could potentially reach even greater speeds than rocket- or pulse propulsion methods, because it 

would not need to carry its own reaction mass and therefore would only need to accelerate the 

craft's payload.  

 

Former interstellar Projects: 

Project Orion, manned interstellar ship (1958–1968). 

https://en.wikipedia.org/wiki/False_positive
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Project Daedalus, unmanned interstellar probe (1973–1978). 

Starwisp, unmanned interstellar probe (1985). 

Project Longshot, unmanned interstellar probe (1987–1988). 

Starseed/launcher, fleet of unmanned interstellar probes (1996). 

Project Valkyrie, manned interstellar ship (2009). 

Project Icarus, unmanned interstellar probe (2009–2014). 

Sun-diver, unmanned interstellar probe. 

Breakthrough Star shot, fleet of unmanned interstellar probes, announced in April 12, 2016. 

Future Micro Interstellar Project (2030-2040) .  

           Project Star Chip is the name used by Breakthrough Initiatives for a very small centimeter-sized, 

gram-scale, interstellar spacecraft envisioned for the Breakthrough Stars hot program, a proposed 

mission to propel a fleet of a thousand StarChips on a journey to the Alpha Centauri star system, the 

nearest extrasolar stars, about 4.37 light-years from Earth. The ultra-light Star Chip robotic Nano crafts, 

fitted with light sails, are planned to travel at speeds of 20% and 15% of the speed of light, taking 

between 20 to 30 years to reach the star system, respectively, and about 4 years to notify Earth of a 

successful arrival. 

Each StarChip nano-craft is expected to carry miniaturized cameras, navigation gear, 

communication equipment, photon thrusters and a power supply. In addition, each nano-craft would be 

fitted with a meter-scale lightsail, made of lightweight materials, with a gram-scale mass. 

            Four sub-gram scale digital cameras, each with a minimum 2-megapixels resolution, are 

envisioned. Four sub-gram scale processors are planned. Four sub-gram scale photon thrusters, each 

minimally capable of performing at a 1W diode laser level, are planned. A 150 mg atomic battery, 

powered by plutonium-238 or americium-241, is planned. A coating, possibly made of beryllium copper, 

is planned to protect the nano-craft from dust collisions and atomic particle erosion. The light sail is 

envisioned to be no larger than 4 by 4 meters (13 by 13 feet), possibly of composite graphene-based 

material. The material would have to be very thin and, somehow, be able to reflect the laser beam without 

absorbing any of its thermal energy, or it will vaporize the sail. 

 

Part 1 

Research of Space Flight in Outer Solar System 
 

Reasonable humanity, men has always sought to learn about the world. An important part of his 

knowledge is knowledge of the universe, the search for other intelligent beings, knowledge sharing, and 

the extension of the Mind existence. They found that in the universe billions of solar systems. It is 

reasonable to assume that their planets there are other intelligent creatures with which you can establish 

contact and exchange of acquired knowledge. 

Nearest Stars 
There are 5 known stellar systems within 12 light years of the Sun, containing 7 visible stars. The 

following could be considered prime targets for interstellar missions:  

Table 1. 

Stellar system 
Distance 

(light years) 
Brief Information of stellar system 

Alpha Centauri 
(Three stars) 

4.3 

Closest system. Three stars (G2, K1, M5). Component A is similar to the Sun (a G2 

star). Alpha Centauri B was thought to have one confirmed planet, but this was a false 

positive. 

https://en.wikipedia.org/wiki/Project_Daedalus
https://en.wikipedia.org/wiki/Project_Longshot
https://en.wikipedia.org/wiki/Project_Valkyrie
https://en.wikipedia.org/wiki/Project_Icarus_(Interstellar_Probe_Design_Study)
https://en.wikipedia.org/wiki/Breakthrough_Starshot
https://en.wikipedia.org/wiki/Spacecraft
https://en.wikipedia.org/wiki/Star
https://en.wikipedia.org/wiki/Image_resolution
https://en.wikipedia.org/wiki/Subatomic_particle
https://en.wikipedia.org/wiki/Lightsail


Barnard's Star 
(2 stars) 

6 Small, low-luminosity M5 red dwarf. Second closest to Solar System. 

Sirius 
(2 stars) 

8.7 Large, very bright A1 star with a white dwarf companion. 

Epsilon 

Eridani 
(colder Sun) 

10.8 

Single K2 star slightly smaller and colder than the Sun. It has two asteroid belts, might 

have a giant and one much smaller planet,and may possess a Solar-System-type 

planetary system. 

Tau Ceti 
(similar Sun) 

11.8 

Single G8 star similar to the Sun. High probability of possessing a Solar-System-type 

planetary system: current evidence shows 5 planets with potentially two in the 

habitable zone. 

 

          One light year is distance D=ct≈1013 km, which the light having speed c = 3.108 m/s runs in one 

year t1≈ 31.45.106 sec. 

          The time of getting information is  
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          where Tis flight time in year; c = 3.108 m/s; v is probe speed, m/s; d is distance to star, light year 

(ly). 

If we want to get any information in reasonable time (for example, 40 years) the relative probe speed 

must be 15 – 25% of the light speed. This is gigantic speed v = 45 -75 thousands km/s. We cannot to 

reach it in present time.For relative speed v/c = 0.15 the flight time and getting information of Alpha-

Centauri is 33 years. 

 

 
Fig.1. Stars closest to the Sun, including Alpha Centauri (25 April 2014). 

What we know about the closest star system Alfa-Centauri? It consists of three stars: the pair 

Alpha Centauri A and Alpha Centauri B and a small and faint red dwarf, Alpha Centauri C, better known 

as Proxima Centauri. Alpha Centauri A (α Cen A) has 110% of the mass and 151.9% the luminosity of 

https://en.wikipedia.org/wiki/Red_dwarf
https://en.wikipedia.org/wiki/White_dwarf
https://en.wikipedia.org/wiki/G-type_main-sequence_star
https://en.wikipedia.org/wiki/Sun
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the Sun, and Alpha Centauri B (α Cen B) is smaller and cooler, at 90.7% of the Sun's mass and 44.5% 

of its visual luminosity. During the pair's 79.91-year orbit about a common center, the distance between 

them varies from about that between Pluto and the Sun to that between Saturn and the Sun. Proxima is 

at the slightly smaller distance of 1.29 parsecs or 4.24 light years from the Sun, making it the closest star 

to the Sun, even though it is not visible to the naked eye. The separation of Proxima from Alpha Centauri 

AB is about 0.06 parsecs, 0.2 light years or 15,000 astronomical units (AU), equivalent to 500 times the 

size of Neptune's orbit. 

 

Fig.2. The relative sizes and colors of stars in the Alpha Centauri system, compared to the Sun. 

Until the 1990s, technologies did not exist that could detect planets outside the Solar System. 

Since then, exoplanet-detection capabilities have steadily improved to the point where Earth-mass 

planets can be detected. 

Alpha Centauri is envisioned as a likely first target for manned or unmanned interstellar 

exploration. Crossing the huge distance between the Sun and Alpha Centauri using current spacecraft 

technologies would take several millennia, though the possibility of nuclear pulse propulsion or laser 

light sail technology, as considered in the Breakthrough Starshot program, could reduce the journey time 

to a matter of decades.  

 

  Efficiency from Innovations and Explorations  

 

The efficiency from Innovations and Explorations may be approximately estimated by equation 

                                                            E = P/С ,    (2) 

where E – coefficient efficiency; P – estimation of the future profit; C – estimation of the R&D.  

In given case is very difficult to estimate the efficiency of this profit for humanity. We could only 

estimate the gigantic expenses for R&D of this exploration(hundreds of billions the USA dollars). 

The main problems are:  

1. How to launch and reach very high speed?  

2. What useful information the Micro-probe could get about Alfa Centauri in flight by?  

3. How to pass information collected to Earth?  

Let us to research some of these problems in more interesting details.  

 

                     Request Energy for Interstellar Launch  

Consider the simplest case of the constant acceleration:  
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where S is distance of acceleration,m; a is acceleration, m/s2; t is time of acceleration, sec; V is final 
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speed, m/s; F is force, N;  m is mass of probe, kg; E is requested energy for acceleration, J; P isneed 

power for acceleration, W; N1 is need power of laser (electric station) for single (one) reflection 

(conventional mirror) without a mirror loss, W, for laser efficiency0.1; c = 3.108 m/s is the light speed, 

m/s. 

          If we take the probe mass m = 0.01 kg and the final speed V/c = 0.15, V = 0.45.108 m/s, the request 

minimal energy is about E ≈ 1013 J = 107 MJ.  

          The result of computation Eq.3 for the probe mass m = 0.01 kg and the final speed V/c = 0.15, V 

= 0.45.108 m/s are presented in Table 2. 

TABLE 2. 

Result of computation Eq.3 for the probe mass m = 0.1 kg and the final speed V/c = 0.15, V = 0.45.108 m/s, 

g = 10 m/s2 via distance of acceleration. 

 

S, m 105 106 107 108 109 1010 

a=V2/2S, m/s2 1010 109 108 107 106 105 

a,  g 109 108 107 106 105 104 

t = V/a,  sec 4.5.10-3 4.5.10-2 4.5.10-1 4.5.100 4.5.101 4.5.102 

F=ma,  N 108 107 106 105 104 103 

P=E/t,  W 2.2.1015 2.2.1014 2.2.1013 2.2.1012 2.2.1011 2.2.1010 

N1 = cF,  W 3.1016 3.1015 3.1014 3.1013 3.1012 3.1011 

N1,  MkW 3.107 3.106 3.105 3.104 3.103 3.102 

         Now the power of the powerful electric station is about 10 MkW. That means if we accelerate our 

probe 0.01 kg at distance 10 mln.km with acceleration 104 g by laser  and conventional mirror, we need 

in power 30 strong electric station in during 450 sec = 7.5 minutes. The acceleration 104 g has projectшle 

of a big gun.  

         But the most current lasers have efficiency about 0.02 – 0.06. If in future good laser will has 

efficiency 0.1, we will need in 300 powerful electric stations. 

Possible Launch nuclear propulsion  

 

         1. Many people think: the nuclear propulsion can solve the space travel. That is right for  

travel into Solar system, but it is not correct for the interstellar flight.   

Let us show it. Take the kinetic energy of mass and the speed equation of rocket in the rocket system 
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where E is energy of fuel, J; m is mass of fuel, kg; Es specific energy of fuel, J/kg; W – exhaust (ejection) 

velocity of fuel, m/s; ΔV is rocket speed, m/s; Mf is final mass of rocket, M0 is initial mass of rocket. 

          For chemical fuel Es = (4 ÷ 16) MJ/kg and W = 2km/s ÷ 4 km/s. For typical Mf/M0 = 0.1, ln 0.1 = 

-2.3, the rocket speed is 4 ÷ 9 km/s. We need in speed 45,000 km/s. 

  Estimate the speed, which can reach the rocket having thermonuclear reactor. Consider the most 

perspective reaction  
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The energy of neutron, neutrino, gamma rays is very difficult to use because they request a big 

thickness(mass) of materials to absorb the neutrons or gamma rays.  

          Assume we can do it. The fuel mass having (5) is m = µmn = 5.1.67.10-27= 8.35.10-27 kg. 

Here µ is number of nucleons take part in reaction, mn is mass of one nucleon.  



          From Eq. (4) we get a fuel exhaust speed W = 26.103 km/s, a rocket speed (for multi-stagy rocket) 

V = 60.103 km/s.  

          We need only V = 45.103 km/s (see above). But we cannot get the thermonuclear energy now. The 

installation for it (ITER) is very complex and expensive (>$15 B), has mass many thousands tons and it 

will may an industrial application after 2040 year.  

          There is perspective proposals of the cheap small thermonuclear cumulative/impulse [8]and ultra-

cold compression [11] reactors of mass about 100 ÷ 300 kg, but they need in R&D. There is very 

perspective nuclear reactorused Micro Black Hole (MBH) [10] and convert any matter to energy with 

100% efficiency. But now we only hope to get MBH by Large Hadron Collider.  

Fission nuclear reactors are good developed and there are a lot of space projects used them. 

But all projects/reactors have a large mass more some tons and their nuclear energy in 2-4 times less 

that fusion reaction. They not acceptable for macro space probe (0.01 kg) now. 

          There is idea transferring the energy in space in a long distance by plasma [3 - 4] or electron beam 

[6] . This idea needs R&D.  

          There are isotope good developed energy and propulsion systems [3] Ch.17. Their summary 

energy may be more than fission reaction in the long times. Their main flaw is small power and 

uncontrollability. They may be used for correction trajectory and getting energy in long time space flight.  

Acceleration space probe by laser beam  

The many scientists belief the laser beam can solve this problem. They not request the launch fuel and 

energy in probe. The thin lightweight sail will reflect the laser beam and he light pressure will accelerate 

the small probe for need speed. There are a lot of research which use the Solar light for flight in Solar 

system. 

          However the author shows in previous section (Table 2) for acceleration the probe up gigantic 

interstellar speed 45 thousands km/s is requested a huge energy. The laser beam isexpanding and 

requests a large sail and laser diameter. The beam has a maximal distance of acceleration about 10 

millions km. But this distance requests a special Continuous Wave (CW) large laser power more N1 = 

3000 MW for 100% efficiency (see last column in Table 2). For 10% efficiency therequested power is 

ten times more. Currently the conventional continuous wave operation laser produces 3 kW energy, the 

most impulse power laser installation in the World(NIF - National Ignition Facility) has in 

impulseenergy 120 kJ. NIF costs $3.5 billion. You can estimate: how will cost the conventional launch 

beam laser system.  

          Examples of pulsed systems with high peak power:  

1) 700 TW (700×1012 W) – National Ignition Facility, a 192-beam, 1.8-megajoule laser system  

adjoining a 10-meter-diameter target chamber. 

2) 1.3 PW (1.3×1015 W) – world's most powerful laser as of 1998, located at the Lawrence Livermore  

Laboratory. 

 

Part 2 

Multi-reflex Light Launch Propulsion Systems for Interstellar Flight 

          It is well-known the solar light is pressing on any surface. In 1900 the Russian scientist P. Lebedev 

measured the light pressure. It was very small 4.10-6 Pa. In 1982 author offered and researched idea the 

reflection laser beam by special cell mirror having very high reflection for different waves [7]. That 

allows to increase efficiency of mirror in millions time and in millions of times increase the light 

pressure. He also offered the laser engine and accelerator. Later in 2004 author researched the application 

this idea to space launch and energy transfer for long distance [4, 5].  



          The purpose of this work is developing and to draw attention to the revolutionary idea of light 

multi-reflection by cell mirror. This idea allows the design of new engines, space and air propulsion 

systems, energy transmission over millions of kilometers, creation of new weapons, etc. This method 

and the main innovations were offered by the author in 1982 in the former USSR[7].  Now the author 

shows the immense possibilities of this idea in many fields of engineering – astronautics, aviation, 

energy, optics, direct conversion of light (laser beam) energy to mechanical energy (light engine), to 

name a few. This part of chapter considers the multi-reflex propulsion systems for space and energy 

transmission over long distances in Interstellar travel. 

 

Introduction 
Brief history:  The relatively conventional way to send a spacecraft on an interstellar journey is to use 

the solar sail [1, p.1] or a laser sail [2, p. 1].  This method is not effective because the light intensity is 

very low, with only one reflection. There has been a lot of research in this area and into solar sails in 

general. 

          A. Kantrowitz offered the conventional method for using a laser beam for space propulsion [3, p. 

1].  He transferred energy using laser beam to a space vehicle, converted light energy into heat and 

evaporated a material, then obtained thrust from the gas pressure of this evaporated material. There is 

much research on this method [4, p. 4] However, it is complex, has low efficiency, has limited range 

(divergence of the laser beam), requires special material located on board the space ship, and requires a 

very powerful laser.  

          In 1983 the author offered another method: that of using light beam energy, then the direct 

conversion of light energy into mechanical pressure (for an engine) or thrust (for launchers and 

propulsion systems) by multiple reflections [5, p. 1]. 

The author found only one work related to this topic, published in 2001 [6, p. 1].  However our work is 

very different from this. Our suggested system has several innovations which make the proposed method 

possible improve its parameters millions of times. The difference between our suggested system and the 

previous system16 is analyzed in the “Discussion” section, below.  

          The reflection of light is the most efficient method to use for a propulsion system. It gives the 

maximum possible specific impulse (light speed is 3.108 m/s). The system does not expend mass. 

However, the light intensity in full reflection is very small, about 0.610–6 kg/ kW.  In 1983 the author 

suggested the idea [7] of increasing the light intensity by a multi-reflex method (multiple reflection of 

the light beam by special cell mirror) and he offered some innovations to dramatically decrease the losses 

in mirror reflection (including a cell mirror and reflection by a super–conducting material). This allows 

the system to make some millions of reflections and to gain some Newtons of thrust per kW of beam 

power. This allows for the design of many important devices (in particular, beam engines [7]) which 

convert light directly into mechanical energy and solve many problems in aviation, space, energy and 

energy transmission.   

          In the last years achievements in optic materials and lasers have decreased the losses from 

reflection. The author returned to this topic and made it his primary area of research. He solved the main 

problems: the design of a highly efficient reflector (special cell mirror), a light lock,  focusing prismatic 

lightweight mirrors and lenses, a laser ring, and a beam transfer over very long distances (millions of 

km) with only very small beam divergence, light storage, a beam amplifier, a modulator of light 

frequency, balloon suspension of mirrors, and so on [7, p. 1]. 

 

          Brief information about light and light devices. A short description of electromagnetic radiation 

can be found in the publication [9, p. 1].A conventional mirror can reflect a maximum of 98–99% of the 

incident light energy of some bands of light waves. This gives a maximum of 200–300 reflections which 

is not enough for propulsion systems and engines. Because the light pressure is so low (about 0.6.10–6 

kg/kW ), we need at least a million reflections. 



          There is a well-known method for increasing mirror reflection. The layers of a quarter-wave 

optical thickness of high and low refractive-index materials increase the reflectance. After more than 12 

layers, the reflective efficiency of a dielectric mirror approaches 100%, with virtually no absorption or 

scattering. Maximum reflectance occurs only in a region around the design wavelength. The size of the 

region depends on the design of the stack of multiple dielectric coatings. Outside this region the 

reflectance is reduced. For example, at one-half the design wavelength it falls to the level of the uncoated 

substrate. The dielectric mirror is also designed for use at a specific angle of incident radiation. At other 

angles, the performance is reduced, and the wavelength of maximum reflectance is shifted.  

          Unfortunately, this dielectric mirror method is not suitable for mirrors moving relative to each 

other as the reflected frequency is shifted slightly, and this frequency shift accumulates over multiple 

reflections.  Also conventional mirrors tend to reflect the beam off in some other direction if the mirrors 

are not kept in perfect alignment to the beam. The author’s proposed cell mirror reflects the beam in the 

same direction which is very important for decreasing the beam divergence. The small cells provide high 

reflectance and small absorption.  

          A narrow laser beam is the most suitable for a light engine and light propulsion. There are many 

different types of lasers with different powers (peak power up to 1012 W), wavelength (0.2–700 μm), 

efficiency (1% up to about 95%), and pulse rate (up to some thousands of impulses per second) or 

continuous operations. In publications in the References, the reader will find a brief description of the 

laser [8, p.1] or more detail [9, p. 1]. 

          At the present time we are seeing significant advances in high-power weapons-class lasers [8, p. 

1]. The laser power reaches 1 million watts. 

          For our computation the beam divergence is very important. The laser beam divergence8 (see 8, 

pp. 1, 4) is 
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where θ is the angle of divergence [rad],  λ is the wavelength [m], and D is an aperture diameter [m]. In 

particular, the diameter of the laser beam may be increased by an optical lens for reducing the beam 

divergence.  The aperture diameter may be also increased by offered laser ring (Fig. 1). The reflex 

capacity may be improved by using a super conductive material (this idea needs additional research).    

          More detailed information is in publication in the references [7 – 9, p. 1]. 

 

Description of Innovation 
 

          Multi-reflex launch installation of a space vehicle.  In a multiple reflection propulsion system 

a set of tasks appear: how to increase a mirror’s reflectivity, how to decrease the light dispersion (from 

mirror imperfections and non-parallel surfaces), how to decrease the beam divergence, how to inject the 

beam between the mirrors (while keeping the light between the mirrors for as long as possible), how to 

decrease the attenuation (a mirror, prism material, etc), how to increase the beam range, and how much 

force the system has.   

          To solve of these problems, the author proposes[7, p. 1], a special “cell mirror” which is very 

reflective and reflects light in the same direction from which it came, a “laser ring” which decreases the 

beam divergence, “light locks” which allows the light beam to enter but keep it from exiting, a “beam 

transfer”, a “focusing prismatic thin lens“, prisms, a set of lenses, mirrors located in space, on asteroids, 

moons, satellites, and so on. 

          Cell mirrors. To achieve the maximum reflectance, reduce light absorption, and preserve beam 

direction the author uses special cell mirrors which have millions of small 45o degree prisms (1 in Fig. 

1a,g). Cell mirror are retroreflector cells or cube corner cells. A light ray incident on a cell is returned 

parallel to itself after three reflections (Fig. 1g). In the mirror, provided the refractive index of the prism 



is greater than 2 (1.414), the light will be reflected by total internal reflection. The small losses may 

be only from prism (medium) attenuation, scattering, or due to small surface imperfections and Fresnel 

reflections at the entrance and exit faces. Fresnel reflections do not result losses when the beam is 

perpendicular to the entry surface. No entry losses occur where the beam is polarized in parallel of the 

entry surface or the entry surface has an anti-reflection coating with reflective index .201 nnn = Heren0, 

n2 are reflective indexes of the vacuum and prism respectively. These cell mirrors turn a beam (light) 

exactly back at 180o if the beam deviation is less 5–10o from a perpendicular to the mirror surface. For 

incident angles greater than sin–1(n1/n2), no light is transmitted, an effect called total internal reflection.  

Here n is the refractive index of the medium and the lens (n ≈ 1–4).  Total internal reflection is used for 

our reflector, which contains two plates (mirrors) with a set of small corner cube prisms reflecting the 

beam from one side (mirror) to the other side (mirror) (Fig. 1b,c, f). Each plate can contain millions of 

small (30–100 μm) prisms from highly efficient optic material used in optical cables [19]. For this 

purpose a superconductivity mirror5 may also be used. 

           

          Laser ring. The small lasers are located in a round ring (Fig. 1c).   A round set of lasers allows us 

to increase the aperture, resulting in a smaller divergence angle θ. The entering round beam (9 in Fig. 

1a) has slip θ (or θ/2) to the vertical. The beam is reflected millions of times as is shown in Fig. 1b,c  

and creates a repulsive force F. This force may be very high, tens of N/kW (see the computation below) 

for motionless plates. In a vacuum it is limited only by the absorption (dB) of the prism material (see 

below) and beam divergence.  For the mobile mirror (as for a launch vehicle) the wavelength increases 

and beam energy decreases as the mirrors move apart.    

          This system [15] can be applied to a space vehicle launch on a planet that has no atmosphere and 

smallgravity (for example, the Moon; high gravity requires high beam power).  
 

          Light lock. The first design of light lock allows the laser beam to enter, but closes the exit of a 

returned ray. The beam (9 in Fig. 1d) of continuous laser passes through a multi-layer dielectric mirror 

(10 in Fig. 1d). The entering beam runs the full length between mirrors (Fig. 1b,c), reflects a million 

times, and enters from the other side (11 in Fig. 1d).  For moving (separating) mirrors the wavelength is 

changed because the beam gives up energy to the moving mirrors (see computationsin section  

          As a result the wavelength increases (λ11 > λ9) when the distance increases, and the wavelength 

decreases (λ11 < λ9) when the distance decreases. The mirror (10 in Fig. 1d), is designed to pass the laser 

beam (9 in Fig. 1d) and to reflect back the “used” ray (11 in Fig. 1d). If the beam is not reflected by the 

mirror (10 in Fig. 1d), it enters into the laser and will be reflected back by the laser’s internal mirror. 

          The second design of the light lock is shown in Fig. 1e.  This contains an additional prism 12 and 

an impulse laser. When laser beam 13 enters the system, the additional prism 12 is pushed into the main 

prism 1. While the beam runs between the mirrors, the additional prism is disconnected from the main 

prism and the return beam 14 cannot go back in. It travels inside the reflected mirrors with a lot of 

reflections if the mirrors have the right focuses. The chink, 15, between the additional and main prisms 

may be very small, about a light wavelength (1 micron). A piezoelectric plate can be used to move the 

additional prism. below) 



                   
Fig. 1. Space launcher. Notations are: 1 – prism, 2 – mirror base, 3 – laser beam, 4 – mirror after chink (optional), 

5 – space vehicle, 6 – lasers (ring set of lasers), 7 – vehicle (ship)  mirror, 8 – planet mirror, 9 –laser beam, 

10 – multi-layer dielectric  mirror, 11 – laser beam after multi-reflection (wavelength λ11 > λ9 ), 12 – additional 

prism, 13 – entry beam, 14 – return beam, 15 – variable chink between main and additional prisms. (a) Prism 

(cell, corner cube) reflector. (b) Beam multi-reflection, (c) Launching by multi-reflection, (d) The first design 

of the light lock, (e) The second design of the light lock, (f) Reflection in the same direction when the beam 

is not perpendicular to mirror surface, (g) Mirror cell (retroreflector cell or cube corner cell). A light ray 

incident on it is returned parallel to itself after three reflections. 

 

          A continuous or pulse laser may be used for the first light lock and a pulse laser may be used for 

the second lock. We compute average laser power.  

          The details of attenuation of light propagating through an optical material are considered in 

physics textbooks.  To increase the number of reflections, we use a set of very small prisms and a highly 

efficient optical material (dB = 0.1–0.5).  

          Space beam transfer.  Space beam transfer is shown in Fig. 2a. The first lens has a large aperture 

for the laser beam and focuses the beam which decreases the divergence angle θ.  The other Fresnel’s 

lens then continues to focus the beam (Fig. 2a). 

Non-focused beam loses intensity through diffracted rays but beam transfer has a special focusing lens. 

If the focus is located at a distance S1 = D/2θ, the beam does not have losses through up to a diffracted 

rays in this distance S, but after the distance S the divergence angle becomes 2θ (Fig.2b). If we need to 

transmit energy a distance L less than S (for example, in launching), this method is fine since the distance 

between the mirrors L << S and the beam is reflected many times without loss. If we want to transfer 

the energy over very long distance, the method shown in Fig. 2c may be better.  In this method the beam 

is focused on point at a distance S2 = D/θ. The beam has small amounts of diffraction everywhere, but 

the losses are smaller after a distance 1.5S1 than in the case of Fig. 2b. If an intermediate lens with a 

much larger diameter than the initial lens (Fig. 2b,c) is added midway, it is possible to decreases the 

beam diffraction energy losses to a very small value. 



              
Fig. 2.  Laser beam long-distance transfer. Notations are: 12 – lens, 14 – bounds of laser rays, 15 – light receiver, 

16 – divergence ray. (a) focused beam, (b) focused beam with angle θ which has  part S without 

divergence,(c) focused beam with angle 0.5θ which has minimum divergence at a long distance, (d) beam 

with a plate wave front, (e) Gaussian beam with normal distribution of beam front, (f) Fresnel’s (prism) 

lens, (g) lens for changing the beam direction. 

 

          The distribution of energy in a gross section area of the beam is also important for divergence and 

diffraction losses. The plate front (Fig. 2a) of the wave and plate distribution of energy and divergence 

(Fig. 2d) are worst and give the maximum of energy losses. A normal distribution of beam energy and 

a Gaussian beam is better because the losses of beam energy trough diffraction are reduces at the edges 

(Fig. 2e).  

          Energy transfer is done in the following way. First the Fresnel’s lenses (collimators) (Fig. 2f), 

Fresnel’s prisms (Fig. 2g), and mirrors are (permanently) located in space (Fig. 3a). Their trajectories 

and the receiving space vehicle’s trajectory in space are known. Through commands from Earth, a space 

ship or the vehicle’s computer, the mirrors and lenses are turned to the required angles (angular position). 

A small pilot ray may be used for aiming and focusing. The required angular changes are small (for 

focusing and small corrections in direction) and may be made by piezoelectric controlled plates. After 

the pilot ray reaches the space vehicle as required, the full power beam is transmitted to the space vehicle. 

This beam may be used to launch vehicles from an asteroid or small mass planetary satellites (Fig, 1c), 

to change the vehicle’s trajectory (Fig, 3b), or to increase the acceleration of the space vehicle near an 

asteroid (Fig. 3c) using the multi-reflex method (Fig. 3a,b,c). This beam energy may be also used by the 

space vehicle for its rocket engine and internal power requirements.  The distance between lenses may 

reach tens of millions of kilometers (see computation below).  The average distances of the nearest 

planets from the Sun are: Venus 108 ×106 km, Earth 150×106km, Mars 228×106 km. Transfer efficiency 

of system may be about 0.7–0.9 (see computation below).   



         
Fig. 3. Space energy transfer over long distance. a. Transferring thrust from Earth to space ship by laser beam, b. 

Using of satellites (or moons) to change the vehicle’s trajectory, c. Using of asteroid for launching of ship.      

Notations are: 20 – Sun, 21 – Earth, 22 – laser beam, 23 – Fresnel’s lens, 24 – mirror, 26 – Fresnel’s prism, 

28 – Space vehicle, 30 – planet, 32, 34 – planet satellite, 36 – multi-reflection, 40 – asteroid.  

 

Theory (Estimation) of Multi-Reflex Launching and Light Beam Transfer 
 

  Special theory, methods and computation for this case are developed below. 

          Attenuation of beam. The attenuation of light passingpropagating through an optical material is 

caused either by absorption or by scattering. In both absorption and scattering, the power is lost over a 

distance, z, from the power N(z), propagating at that point. So we expect an exponential decay: 

N(z) = N(0)exp(–yz) .     (2) 

          The attenuation coefficient, y, is normally expressed in dB km–1, with 1 dB km–1 being the 

equivalent of 2.3×10–4 m–1.  Absorption is a material property in which the optical energy is normally 

converted into heat.  In scattering processes, some of the optical power in the guided modes is radiated 

out of the material.  

          Attenuation in some current and some potential very low loss materials that have been created for 

fiber communication has a dB value of up to a = 0.0001 (17, Fig. 4).  

We use in our computation conventional values of 0.1 to 0.4 dB/km. Clean air has ξ =0.333×10-6 m-1. 

The conventional optical matter widely produced currently in industry has an attenuation coefficient 

equals to 2 dB. 



 
                   Fig.4. The estimation of basic attenuation of some possible very low loss materials.  

 

          However, some of these materials are highly reactive chemically and are mechanically unsuitable 

for drawing into a fiber. Some are used as infrared light guides, none are presently used for optical 

communication, but may be useful for our purposes.  Our mechanical property and wavelength 

requirements are less stringent than for optical communications.  We use in our computation a = 0.1-0.4 

dB km–1. The conventional optical material widely produced by industry for optical cable has an 

attenuation coefficient of 2 dB km–1.    

          Change in beam power. The beam power will be reduced if one (or both) reflector is moved, 

because the wavelength changes. The total relative loss of the beam energy in one double cycle (when 

the light ray is moved to the reflector and back) is 

q =1- (1–2γ)(1–2ξ)(1±2v)ς ,     (3) 

wherev = V/c,  V is the relative speed of the mirrors [m/s], c = 3×108 m/s is the speed of light. We take 

the “+” when the distance is reduces (braking) and take “– “ when the distance is increased (as in 

launching, a useful work for light), γ is the light loss through prism attenuation, ξ is the loss (attenuation) 

in the medium (air) (in clean air  ξ = 0.333×10–6 m–1), v is the loss (useful work) through relative mirror 

(lens) movement,  ς is the loss through divergence and diffraction. 

Multi-reflex light pressure. The light pressure, T, of two opposed high reflectors after a series 

ofreflections, n, to one another is 
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When q = const, this is a geometric series. The sum of n members of the geometric series is

.1,
1

12
,.

1

12 00 
−

==
−

−
=  q

qc

N
TthennIf

q

q

c

N
T

n

    (5) 

          Coefficient of efficiency. The efficiency coefficient, η, may be computed using the equation 

0/ NTV=
 ,    (6) 

          Focusing the beam. If the lens used in focused at a range S1, the distance, S, without ray 

divergence is (Fig. 2.2b): 
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Here, D is the diameter of the lens or mirror [m]. This distance is equal to the lens focus distance for the 

case in Fig. 2.2b (S1 = S). In the case Fig. 2c (transfer over very long distance), the optimal focus distance 

is S2 = 2S1.   



          Some computations. The computation of equation (9) is presented in Figs. 5 and 6. As you will 

see, the necessary focus distance may be high. 

  
Fig. 5. Focus distances [106km, million km] versus lens diameters 1–10 m and wavelength  λ= 0.2–1 microns. 

 
Fig. 6. Focus distances versus lens diameters D = 1–100 m and wavelength λ = 0.2–1 microns. 

 

The values in equation (3) can be computed as 

,10333.0,1,,00023.0 6 Lmmlalyz −====   (10) 

where a is the attenuation coefficient in dB [km–1] (7, fig.4), m is initial value of the wavelength which 

can be located in cell size l [m].  

The loss through divergence, ς, for the case in Fig. 2b,d is 
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          Here L is the distance between the mirrors (lenses) [m], and, k is the focus coefficient. In case in 

Fig. 2b (where the focus distance is D/2θ) k = 0 when L < S (for transfer)or n < S/L (for reflection) and 



k = 2 when L > S, or n > S/L; in the case in Fig. 2c (S is absent, S = 0) k = 0.5 if the focus distance is 

D/θ; k = 1 if focus distance is infinity (no focusing).   

          The relative beam power along its trajectory for plate power distribution as in Fig. 2d is 

 2/1 110 DSLwhenNandSLwhenNNN ==== .          (12) 

          The force coefficient, A, shows how many times the initial light pressure is increased. For L < S1 

it is 
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          The multi-reflex launch of a space vehicle from a small planet with low gravity, are without an 

atmosphere (the Moon or an asteroid) may be computed using the following equations (for focusing Fig. 

2b and beam distributions Fig. 2d):  
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          Here the first element in T is the thrust when the beam runs the distance S1 without divergence.  

The second element in T is the thrust when the beam runs the distance with divergence. M is space 

vehicle mass [kg],g is the planet’s gravity [m/s2].  When n3< n1, we take n = n3 and compute T using 

equation (2.5).  If n3> n1, we compute T using equation (14).  

Computations of the efficiency co-efficient, η, equation (8) are presented in Fig. 7. 

 

 
Fig.7. Efficiency coefficient versus distance [m] for vehicle speed V = 10–200 m/s, attenuation coefficient a = 

0.5 dB, cell size m = 30, mirror diameter D = 100 m, beam power N = 1 kW. 

 

          The thrust and the efficiency coefficient decrease when the distance is above some critical value, 

then a portion of the energy beam leaves the space between the mirrors through diffraction.  

          The mirror diameter is large because small mirror diameters decrease the attainable speed. Starting 

from an asteroid or a planet’s moon that has low gravity, improves the attainable speed.Unfortunately, 

the multi-reflex launch from planets with an atmosphere does not wart well because the multi-reflected 

rays travel long distances in a gas medium and lose a lot of energy. 



          Below is the equation for computing the beam power from the divergence and distance when the 

Gaussian beam has normal distribution (Fig. 2f): For case 1 (the focus is into point 2S1, Fig. 2c) 
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          Here ψ is the probability function of normal distribution. 

          For case 2 (the focus is located at point S, Fig. 2b) 
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          Here s is a relative distribution value. The results of computations for space (vacuum) are 

presented in Fig. 8. It is shown that the focused beam travels without major losses if the distance between 

the mirrors (for mirror diameter D = 100–200 m) is 10–18 million kilometers, and may travel up to 100 

million km with an efficiency of about 0.2.  This means the focused beam can permanently transfer 

(without losses) energy from the Earth to the Moon or back (a distance of 0.4×106km), and for 2–3 

months (with efficiency 0.2) every two years, to Mars at a distance of 60–150×106  km. 

          For computation of the relative beam power in air at altitude H, we may use equations (15) and 

(16) corrected for air attenuation. That is 
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          Here ρH, ρo are the air density at altitudes H and H = 0 respectively.  

 
Fig. 8. Relative beam power of the normal (Gaussian) distribution (s = σ = 2.5) (Fig. 2f) in a vacuum  versus 

distance in million kilometers between lenses for focusing at D/2θ (- - , case 1) and D/θ (-, case 2). 

 

          The computed parameters are not optimal. Our purpose is to demonstrate the method of 

computation.  

          Computations (Fig. 7 and 8) are made for a beam power N0 = 1 kW. For beam power N0 = 10, 

100, 1000 kW we must multiply the force in Figs. 2.7 and 2.8 by 10, 100, and 1000 respectively. 

 

  Estimations for high speed and long distance 

 

1. Maximal decreasing of request energy from multi-reflexing the light-beam.  

As we have seen in Table 2 the requested energy (power) for acceleration relativistic probe is very high. 



Multi-reflexing allowssignificantly decrease it. Let us separately estimate lossand benefits (increasing 

the thrust from multi-reflection) from cell mirror in atmosphere, spaceandfrom material of the mirror 

cell. 

          a) Loss energy in Earth atmosphere. It is known in clean atmosphere on Earth surface, the light 

beam losses the part of energy m/110333.0 6−= . The Earth atmosphere has the pressure p = 104 

kg/m2 and density ρ = 1.225 kg/m3 (on Earth surface). If Earth atmosphere has constant density its 

thickness is H = p/ρ =104/1.225 = 8,163 m≈ 8.2 km. The laser instalation may locate on area/altitude 2 

km (mountain up 4 km, or the light beam will passed in vacuum tube of artificial tower/mast up 10 – 60 

km). 

If we take the altitude 5 km, the rest altitude will be about 8 - 5 = 3 km. The loss will be 

== −− 336 1010310333.0 That means [Eq.(10)]  

                                           n ≈ 1/2ξ =1/2.10-3= 500.    (18) 

Full reflections through the Earth atmosphere or increasing the light pressure in 500 times (decreasing 

the request energy in 500 times!).  

          b) Loss energy in the cell mirror. Let us to estimate the loss energy (reflectivity) the cell mirror 

[Eq. 10]. Assumetheminimalwavelengthoflightisƛo= 0.2 µm = 0.2.10-6 m,maximal wavelength is ƛ =10-

5, m =10-5/0.2.10-6 =50, absorption coefficient isa = 10-2 [dB/km] = 10-5 [dB/m], length of cell is l = 

mƛo=50.0.2.10-6 = 10-5m, reflectivity of cell mirror is γ1 = al =10-5.10-5 = 10-10. That is in hundreds of 

million better than conventional mirror (γ1 =10-2) and many thousands time more than multi-layer mirror 

(γ1 =5.10-4). We can neglect this loss. Number of full reflection is 

                                       n ≈ 1/2γ1 = 1/2.10-10 =5.109.    (19) 

          c) Loss from moving probe. Assume we want to accelerate probe up V = 8 km/s. The average 

speed is Va= 8/2 = 4 km/s. The relative speed is v = Va/c = 4/3.105 = 1.33.10-5. That means the number 

of full reflection is n = 1/2v = 1/2.1.33.10-5 = 3.76.104. If speed of probe is high, the efficiency of cell 

mirror significantly decreases. In our case of interstellar probe maximal speed is V = 0.15c = 45.103 

km/s, average relative speed isv = 0.15/2 = 0.075. Number of full reflection is n = 1/2v = 1/2.0.075 = 

6.67. 

Conclusion: The offered cell mirror is very efficiency for intersolar launch and traveling and less 

efficiency for interstellar launch. 

 

2.  Heating of reflect mirror.  

Let us estimate the heating (temperature) of mirror. The temperature of mirror is 
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          Here T is temperature of mirror, K; Ps is absorbed power, W/m2; Cs= 5.67 W/m2K4 is absorbed 

coefficient; P is power delivered by laser to mirror, W (see Table 1); γ1 is loss coefficient for one 

reflection; s is area of mirror, m2.  

          Let us take the s = 5 m2, the power light beam P = 2.2.1011 W (see last column in Table1). 

For cell mirror γ1= 10-10 and T = 80K. For conventional mirror γ1= 10-2 and T = 8000K. For multi-layer 

mirror the best γ1 =5.10-4(one wavelength) and T= 2100K. 

          As you can see only cell mirror is acceptable for interstellar probe.   

3. Loss probe speed from gravity field of Earth and Sun.The probe losses speed for start from Earth 

surface and arriving to Earth orbit around Sun: 11.2 km/s. The probe losses speed to arriving from Earth 

orbit around Sun to space out the solar system: 42.1 km/s. If probe will use the Earth orbit speed (that 

limit the start time up 2 – 3 month every year), we can save 30 km/s.In last case we loss on gravitation 

only 11.2 + 42.1 - 30 = 23.2 km/s. Radial velocity Alpha-Centauri Star A is -21.4 km/s, star B is -18.6 

km/s. All these velocities are small in comparison the requested Interstellar velocity 45 000 km/s. 



  4.Interstellar flight drag of environment  

          a) Shortly Information about interstellar medium. In astronomy, the interstellar medium (ISM) is 

the matter that exists in the space between the star systems in a galaxy. This matter includes gas in ionic, 

atomic, and molecular form, as well as dust and cosmic rays. It fills interstellar space and blends 

smoothly into the surrounding intergalactic space. The energy that occupies the same volume, in the 

form of electromagnetic radiation, is the interstellar radiation field.  

          In all phases, the interstellar medium is extremely tenuous by terrestrial standards. In cool, dense 

regions of the ISM, matter is primarily in molecular form, and reaches number densities of 106 molecules 

per cm3 (1 million molecules per cm3). In hot, diffuse regions of the ISM, matter is primarily ionized, 

and the density may be as low as 10−4 ions per cm3. By mass, 99% of the ISM is gas in any form, and 

1% is dust.[2] Of the gas in the ISM, by number 91% of atoms are hydrogen and 9% are helium, with 

0.1% being atoms of elements heavier than hydrogen or helium.  

          Stars form within the densest regions of the ISM, molecular clouds, and replenish the ISM with 

matter and energy through planetary nebulae, stellar winds, and supernovae. 

The Warm Ionized Medium (WIM) holds the 20-50% of the interstellar volume, has scale 1000 pc, 

temperature about 8000K and density about 0.2 - 0.5 ionized atom in cm3.  

The Sun is currently traveling through the Local Interstellar Cloud, a denser region in the low-density 

Local Bubble.  

          b) Let us take for our estimation the interstellar density γ = 1 H/cm3 = 106 H/m3 (here H is 

hydrogen atom). One Light Year (ly) has time t = 31.54.106 seconds. Light speed is c = 3.108 m/s. Light 

runs in 1 ly the distance L= ct≈ 1016 m/ly =1013 km/ly. For probe speed v = 0.15c = 45.106 m/s the number 

of atoms getting the 1 m2 of reflector is N =γL = 106.1016 = 1022. The mass of atoms is m = mpN = 

1.67.10-27.1022 = 1.67.10-7 kg/m2ly. Energy is E = mv2/2 = 1.67.108 J/m2ly. If the all atom will be stopped 

by mirror have mass mm = 0.01 kg/m2, than the loss of speed by probe will be 
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Full probe speed loss for mirror area s = 5 m2 and 4.3 light years of flight is ΔV = 0.75.5.4.3 = 16 km/s. 

It is permissible part from speed 45,000 m/s.   

For breakdown of the mirror having the surface mass density 10g /m2 is enough energy 0.5 MeV [25, 

p.935]. Atom of medium for speed V = 45,000 km/s has energy about 10 MeV. That means the most of 

atom will fly through the mirror and loss only 5% its energy. The loss probe speed decreases in 20 times. 

The density atoms in Solar system at Earth orbit is about 20 H/cm3. Estimation gives the loss speed of 

probe in Solar system about 20 m/s. We can neglect it. No problem with the interstellar atom drag.

  

          c) Problem the interstellar dust.  

Cosmic dust can be further distinguished by its astronomical location: intergalactic dust, interstellar dust, 

interplanetary dust.By one estimate, as much as 40,000 tons of cosmic dust reaches the Earth's surface 

every year.  

The interstellar dust has particles d = 0.01 ÷ 0.2 µm. Mass of dust is about 1% of gas mass. Particles  

compose from consist of graphite, silicon carbide. Their density is about 3 g/cm3. The drag from dust 

we neglect.  

          Let us to estimate the holes from dust. Take the average size of particles 0.1 µm = 10-7 m, volume 

10-21 m3, mass one particle is m1 = 3.10-18 kg. Total mass of particles is M = 1,67.10-9 kg/m2ly  (1% of 

gas mass). Total number of particles is N = M/m1 =5.33.108 1/m2ly. If one particle made the hole area s1 

= d2 =10-14 m2, the area total holearea will be approximatelys = s1N = 5.33.10-61/m2ly. In during flight 

time t = 4.3 l.y. the damage will be S = 2.3.10-51/m2. In reality damage may be in 1 – 2 order more. But 

we can neglect it. If interstellar drag is big, the mirror can be folded.  

 

https://en.wikipedia.org/wiki/Interstellar_medium#cite_note-Boulanger-2


Discussion of Part 2 (Multi-Reflex Light Proportion System) 

 
Comparing the “Multi-Bounce Laser-Based Sail” system [6,P.1] with the proposed method –  the “Multi-

Reflex Propulsion System”. 

1. The “Multi-Bounce Sail” uses the well-known multi-layer mirror which has high reflectance only in 

a region around the design wavelength. Outside this region, the reflectance is reduced.  For example, 

at one-half the design wavelength it falls to that of the uncoated substrate.  As shown in this work, the 

wavelength changes by a small amount at each reflection in the mobile mirror. This means that after 

enough reflections the multi-layer mirror has lost its high reflectivity. It is impossible to use the multi-

layer mirror for a multi-bounce space sail that is moving. The author has proposed the innovative new 

cell-mirror for which the reflectivity does not depend on wavelength for wavelengths that are less than 

a cell length. 

2. The multi-layer mirror [6, p. 1] is extremely large (1 km2), with extremely small thickness (1600 nm), 

density (10 gm/m2) and weight (7850 kg).  A very small angle of deviation at the multi-layer mirror 

surface (one thousandth of a degree) under beam pressure, leads to complete defocusing at a distance 

of some millions of kilometers.  This means the mirror [16] will make only one reflection. The average 

mirror angle will also be changed permanently for a moving space ship.  

   It is impossible to exactly control (turn) the orientation of this gigantic and very thin sail. 

   The new cell-mirror reflects the laser beam back in exactly the same direction if the surface and sail 

deviation are less than 5–10 degrees. This means the mirror directorial control is not necessary on the 

space craft. Also, there may be imperfections in the surface film and the mirror control is not necessary. 

3. The maximum reflection at multi-layer mirror is 99.95 [Reference 6, p. 1]. The reflection of the cell-

mirror is (1–0.4.10–9) or 108 times better than the multi-layer mirror. The maximum reflection value 

of the multi-layer mirror is only 1000 [Reference 6, p. 1]. Value for reflections of the cell-mirror are 

in the millions. 

4. The diameter of the multi-layer mirror is 1 km, the size of our cell mirror is 100 m (for large and  

    heavy man ships) and 2 m for micro probe.  

5. The gigantic multi-layer solar mirror gives an acceleration of only 0.33 m/s2. This is not enough to 

launch itself from Earth (Earth’s gravity is 9.8 m/s2), Mars (3.72 m/s2) or the Moon (1.62 m/s2).  The 

author's solar cell-mirror gives an acceleration of 20 m/s2 (laser up 105g), and its size is 100 times 

smaller.  If we were to made solar cell-mirror 1 km in diameter, the capability of a space ship would 

be fantastic. 

  

          The author shows here only some of the advantages of one innovation (changing from the well-

known multi-layer mirror to the new cell-mirror). There are many deficiencies of the previous system6 

which make its application virtually impossible.  For example, with the multi-layer mirror the laser is 

located on the Earth’s surface and its beam moves (from the laser to the ship and back to the laser) 

through the Earth’s atmosphere a lot of times. The computation shows that the beam’s energy will 

quickly be lost due to absorption and scattering by the Earth’s (or Mars) atmosphere when it travels a 

long distance though it.  In our system the beam moves through the atmosphere only once time and 

reflects between the Moon mirror and the space ship of all other times. This is insured by the innovation 

of the light lock. 

          Another deficiency of the laser-based sail system is that when the space ship is close to Earth, the 

sail will reflect the beam back to the laser. If the efficiency of the propulsion system were sufficient, the 

laser might be damaged or destroyed. This problem is absent in the author system because it uses a "light 

lock", which closes the return path of laser beam. 

          The suggested laser ring (a set of small lasers located in a circle), beam transfer and self-focused 

mirror and Fresnel’s  lens decrease the beam divergence and increase the beam transfer distance.  It is 



possible to install the cell-mirror on the Moon or on Mars and transfer a laser beam to them and then to 

make a space ship decelerates. 

          The other system6 requires a nuclear electric power station (of several Giga Watts Power) to be 

built and to deliver it, and a super powerful laser on Mars. 

          I do not mean to criticize other small mistakes in the work [6, p. 1] as, for example, the 

computation of multiple reflection acceleration (thrust) is not correct.  The beam energy after every 

reflection will be decreased and the ship acceleration also will be decreased.  For a large number of 

reflections this decrease is quite large (see the equations in this Part 2). 

  The idea of a multiple reflection engine and cell and superconductivity mirrors was probably offered 

first by author in 1983 [7, p. 1]. But as I know, this work [6, p. 1] (2001) was the first research on this 

topic which is important. 

          General discussion. The offered multi-reflex light launcher, space and air focused energy transfer 

system is very simple (needing only special mirrors, lenses and prisms), and it has a high efficiency.  

One can directly transfer the light beam into space acceleration and mechanical energy. A distant 

propulsion system can obtain its energy from the Earth.  However, we need very powerful lasers.  Sooner 

or later the industry will create these powerful lasers (and cell mirrors) and the ideas presented here will 

become possible. The research on these problems should be started now. 

          Multi-reflex engines7 may be used in aviation as the energy can be transferred from the power 

stations on the ground to the aircraft using laser beams. The aircraft would no longer carry fuel and the 

engine would be lighter in weight so its load capability would double. The industry produces a one 

Megawatt (1000 kW) laser now.  This is the right size for mid-weight aircraft (10–12 tons).   

          The linear light engine does not have a limit to its speed and may be used to launch space 

equipment and space ships in non-rockets method described in [1–16]. This method is certain also to 

have many military applications.  

 

Part 3 

Plasma Beam Space Propulsion for Interstellar Flight
 

Summary 
In this Part author offers a revolutionary method - non-rocket transfer of energy and thrust into Space with distance of 

millions kilometers. The author has developed theory and made the computations. The method is more efficient than 

transmission of energy by high-frequency waves. The method may be used for space launch and for acceleration the 

spaceship and probes for very high speeds, up to relativistic speed by current technology. Research also contains 

prospective projects which illustrate the possibilities of the suggested method. 

------------------------------------------------------------ 

Keywords: space transfer of energy, space transfer of thrust, transferor of matter, transfer of impulse 

(momentum), interplanetary flight, interstellar flight. 

Introduction 
 

          Transportation of energy, matter, or impulse is very important for long period space trips 

especially for lengthy distance voyages. The spaceship crew or astronauts on planets can need additional 

energy or ship thrust. Most people think that is impossible to transfer energy a long distance in outer 

space except electromagnetic waves. Unfortunately, electromagnetic waves have a big divergence and 

cannot be used at a long distance (millions of kilometers) transfer. 

However, the space vacuum is very good medium for offered method and special transfer of energy and 

momentum. 

                                                 
 Presented as paper AIAA-2006-7492 to Conference "Space-2006", 19-21 September, 2006, San-Jose, CA, USA. 



          Brief history. About 40 years ago scientists received plasma flow having speed up 1000 km/s, 

power 10 kW, mass consumption 0.1 g/s, electric current up million amperes. 

However, the application of plasma beam into space needs a series of inventions, innovations and 

researches. In particular, they include methods of decreasing the plasma divergence, discharging, 

dispersion of velocity, collection the plasma beam in space at long distance from source, conversion of 

the beam energy into electricity and other types of energy, conversion of plasma impulse (momentum) 

in space apparatus thrust, conversion of plasma into matter, control, etc. 

          The author started this research more than forty years ago [1]. The solutions of the main noted 

problems and innovations are suggested by author in early (1982-1983) patent applications [2] - [12] 

(see also further development in [13]-[34]) and given article. In particularly, the main innovations are: 

 

1. Using neutral plasma (not charged beam); 

2. Using ultra-cool plasmaor particle beam in conventional temperature; 

3. Control electrostatic collector which separates and collects the ions at spaceship; 

4. Control electrostatic generator which convert the ion kinetic energy into electricity; 

5. Control electrostatic ramjet propulsion; 

6. Special control electrostatic mirror-reflector; 

7. Recombination photon engine; 

8. Recombination thermo-reactor. 

9. Research is made for conventional and relativistic particle speeds. 

 

          About 20 years ago the scientists received the ultra-cold plasma having the ion temperature lower 

than 110-3 K. Velocity dispersion was 10 -4  10 -6, beam divergence for conventional temperature was 

10-3 radian. 

          If plasma accelerator is designed special for getting the ultra-cold plasma, its temperature may be 

appreciably decreased. There is no big problem in getting of cold ions from solid electrodes or cold 

electrons from solid points where molecular speed is small. 

Description  of  Innovation 
 

          Innovative installation for transfer energy and impulse includes (Figure 1): the ultra-cold plasma 

injector, electrostatic collector, electrostatic electro-generator-thruster-reflector, and space apparatus.        

The plasma injector creates and accelerates the ultra-cold low density plasma. 

          The Installation works the following way: the injector-accelerator forms and injects the cold 

neutral plasma beam with high speed in spaceship direction. When the beam reaches the ship, the 

electrostatic collector of spaceship collects and separates the beam ions from large area and passes them 

through the engine-electric generator or reflects them by electrostatic mirror. If we want to receive the 

thrust in the near beam direction ( 90o) and electric energy, the engine works as thruster (accelerator of 

spaceship and breaker of beam) in beam direction and electric generator. If we want to get thrust in 

opposed beam direction, the space engine must accelerate the beam ions and spend energy. If we want 

to have maximum thrust in beam direction, the engine works as full electrostatic mirror and produces 

double thrust in the beam direction (full reflection of beam back to injector). The engine does not spend 

energy for full reflection. 

          The thrust is controlled by the electric voltage between engine nets [19], the thrust direction is 

controlled by the engine nets angle to beam direction. Note, the trust can slow the ship (decrease the 

tangential ship speed) and far ship (located out of Earth orbit) can return to the Earth by Sun gravity. 

Note also, the Earth atmosphere absorbs and scatters the plasma beam and the beam injector must be 

located on Earth space mast or tower (up 40  60 km, see [20; 21]) or the Moon. Only high energy beam 



can break through atmosphere with small divergence. The advantage: the injector has a reflector and 

when the ship locates not far from the injector the beam will be reflected a lot of times and thrust 

increases in thousand times at start (Figure 2) (see same situation in [22]). 

          The proposed engine may be also used as AB-ramjet engine [19], utilizing the Solar wind or 

interstellar particles. 

 

 

Figure 1. Long distance space transfer of electric energy, matter, and momentum (thrust). Notation are: 1 - 

injector-accelerator of neutral ultra-cold plasma (ions and electrons), 2 - plasma beam, 3 - space ship or planetary 

team, 4 - electrostatic ions collector (or magnetic collector), 5 - braking electric nets (electrostatic electro-

generator-thruster-reflector), 6 - thrust. 

 

Figure 2. Multi-reflection start of the spaceship having proposed engine. Notation are: 1 - injector-accelerator of 

cold ions or plasma, 2 , 3 - electrostatic reflectors, 4 - space ship, 5 - plasma beam, 6 - the thrust. 

          The electrostatic collector and electrostatic generator-thruster-reflector proposed and described in 

[19]. The main parts are presented below. 

          A Primary Ramjet propulsion engine is shown in [27, Figure 1 or [34, Fig.1, Ch.2]. Such an engine 

can work in charged environment. For example, the surrounding region of space medium contains 

positive charge particles (protons, ions). The engine has two plates 1, 2, and a source of electric voltage 

and energy (storage) 3. The plates are made from a thin dielectric film covered by a conducting layer. 

The plates may be a net. The source can create an electric voltage U and electric field (electric intensity 

E) between the plates. One also can collect the electric energy from plate as an accumulator. 

          The engine works in the following way. Apparatus are moving (in left direction) with velocity V 

(or particles 4 are moving in right direction). If voltage U is applied to the plates, it is well-known that 

main electric field is only between plates. If the particles are charged positive (protons, positive ions) 

and the first and second plate are charged positive and negative, respectively, then the particles are 

accelerated between the plates and achieve the additional velocity v >0. The total velocity will be V+v 

behind the engine (Figure 3a). This means that the apparatus will have thrust T > 0 and spend electric 

energy W < 0 (bias, displacement current). If the voltage U = 0, then v = 0, T = 0, and W = 0 (Figure 3b). 

          If the first and second plates are charged negative and positive, respectively, the voltage changes 

sign. 

          Assume the velocity v is satisfying -V <v< 0. Thus the particles will be braked and the engine 

(apparatus) will have drag and will also be braked. The engine transfers braked vehicle energy into 

electric (bias, displacement) current. That energy can be collected and used. Note that velocity v cannot 

equal -V. If v were equal to -V, that would mean that the apparatus collected positive particles, 

accumulated a big positive charge and then repelled the positive charged particles. 



 

 

Figure 3. Explanation of primary Space Ramjet propulsion (engine) and electric generator (in braking),a) Work 

in regime thrust; b) Idle; c) Work in regime brake. d) Work in regime strong brake (full reflection). Notation: 1, 

2 - plate (film, thin net) of engine; 3 - source of electric energy (voltage U); 4 - charged particles (protons, ions); 

V - speed of apparatus or particles before engine (solar wind); v - additional speed of particles into engine plates; 

T - thrust of engine; W - energy (if W < 0 we spend energy). 

          If the voltage is high enough, the brake is the highest (Figure3d). Maximum braking is achieved 

when v = -2V (T <0, W = 0). Note, the v cannot be more then -2V, because it is full reflected speed. 

AB-Ramjet engine. The suggested Ramjet is different from the primary ramjet. The suggested ramjet has 

specific electrostatic collector 5 (Figure 4a,c,d,e,f,g). Other authors have outlined the idea of space 

matter collection, but they did not describe and not research the principal design of collector. Really, for 

charging of collector we must move away from apparatus the charges. The charged collector attracts the 

same amount of the charged particles (charged protons, ions, electrons) from space medium. They 

discharged collector, work will be idle. That cannot be useful. 

          The electrostatic collector cannot adsorb matter (as offered some inventors) because it can adsorb 

ONLY opposed charges particles, which will be discharged the initial charge of collector. Physic law of 

conservation of charges does not allow us to change charges of particles. 

The suggested collector and ramjet engine have a special design (thin film, net, special form of charge 

collector, particle accelerator). The collector/engine passes the charged particles ACROSS (through) the 

installation and changes their energy (speed), deflecting and focusing them. That is why we refer to this 

engine as the AB-Ramjet engine. It can create thrust or drag, extract energy from the kinetic energy of 

particles or convert the apparatus' kinetic energy into electric energy, and deflect and focus the particle 

beam. The collector creates a local environment in space because it deletes (repeals) the same charged 

particles (electrons) from apparatus and allows the Ramjet to work when the apparatus speed is close to 

zero. The author developed the theory of the electrostatic collector and published it in [26].      The 

conventional electric engine cannot work in usual plasma without the main part of the AB-engine - the 

special pervious electrostatic collector. 

          The plates of the suggested engine are different from the primary engine. They have concentric 

partitions which create additional radial electric fields (electric intensity) (Figure 4b). They straighten, 

deflect and focus the particle beams and improve the efficiency coefficient of the engine. 

The central charge can have a different form (core) and design (Figure 4c,d,e,f,g,h). It may be: 

 

(1) a sphere (Figure 4c) having a thin cover of plastic film and a very thin (some nanometers) 

conducting layer (aluminum), with the concentric spheres inserted one into the other (34, Figure 

4d),  



(2) a net formed from thin wires (Figure 4e); 

(3) a cylinder (without butt-end)(Figure 4f); or  

(4) a plate (Figure 4g). 

 

Figure 4. Space AB-Ramjet engine with electrostatic collector (core). a) Side view; b) Front view; c) Spherical 

electrostatic collector (ball); d) Concentric collector; e) cellular (net) collector; f) cylindrical collector without 

cover butt-ends; g) plate collector (film or net). 

          The design is chosen to produce minimum energy loss (maximum particle transparency - see 

section "Theory"). The safety (from discharging, emission of electrons) electric intensity in a vacuum is 

108 V/m for an outer conducting layer and negative charge. The electric intensity is more for an inside 

conducting layer and thousands of times more for positive charge. 

The engine plates are attracted one to the other (see theoretical section). They can have various designs 

(Figure 5a - 5d). In the rotating film or net design (Figure 5a), the centrifugal force prevents contact 

between the plates. In the inflatable design (Figure 3b, Ch. 2), the low pressure gas prevents plate 

contact. A third design has (inflatable) rods supporting the film or net (Figure 3c, Ch. 2). The fourth 

design is an inflatable toroid which supports the distance between plates or nets (Figure 5d). 

 
Figure 5. Possible design of the main part of ramjet engine. a) Rotating engine; b) Inflatable engine (filled by 

gas); c) Rod engine; d) Toroidal shell engine, e) AB-Ramjet engine in brake regime, f) AB-Ramjet engine in 

thrust regime. Notation: 10 - film shells (fibers) for support thin film and creating a radial electric field; 11 - Rods 

for a support the film or net; 12 - inflatable toroid for support engine plates; 13 - space apparatus; 14 - particles; 

15 - AB-Ramjet 



 

Note, the AB-ramjet engine can work using the neutral plasma. The ions will be accelerated or braked, 

the electrons will be conversely braked or accelerated. But the mass of the electrons is less then the mass 

of ions in thousands times and AB-engine will produce same thrust or drag. 

          Plasma accelerator. The simplest linear plasma accelerator (principle scheme of linear particle 

accelerator) for plasma beam is presented in Figure 6. The design is a long tube (up 10 m) which creates 

a strong electric field along the tube axis (100 MV/m and more). The accelerator consists of the tube 

with electrical isolated cylindrical electrodes, ion source, and voltage multiplier. The accelerator 

increases speed of ions, but in end of tube into ion beam the electrons are injected. This plasma 

accelerator can accelerate charged particles up 1000 MeV. Electrostatic lens and special conditions allow 

the creation of a focusing and self-focusing beam which can transfer the charge and energy long 

distances into space. The engine can be charged from a satellite, a spaceship, the Moon, or a top 

atmosphere station (space tower [19; 28]). The beam may also be used as a particle beam weapon. 

 

Figure 6.Electric gun for charging AB-Ramjet engine and transfer charges (energy) in long distance.a) Side view, 

b) Front view. Notations: 1 - gun tube, 2 - opposed charged electrodes, 3 - source of charged particles (ions, 

electrons), 4 - particles beam. 

  Approximately ten years ago, the conventional linear pipe accelerated protons up to 40 MeV with a 

beam divergence of 10-3 radian. However, acceleration of the multi-charged heavy ions may result in 

significantly more energy. 

          At present, the energy gradients as steep as 200 GeV/m have been achieved over millimeter-scale 

distances using laser pulses. Gradients approaching 1 GeV/m are being produced on the multi-

centimeter-scale with electron-beam systems, in contrast to a limit of about 0.1 GeV/m for radio-

frequency acceleration alone. Existing electron accelerators such as SLAC 

<http://en.wikipedia.org/wiki/SLAC> could use electron-beam afterburners to increase the intensity of 

their particle beams. Electron systems in general can provide tightly collimated, reliable beams while 

laser systems may offer more power and compactness. 

The cool plasma beam carries three types of energy: kinetic energy of particles, ionization, and 

dissociation energy of ions and molecules. That carry also particle mass and momentum. The AB-Ramjet 

engine (described over) can utilize only kinetic energy of plasma particles and momentum. The particles 

are braked and produce an electric current and thrust or reflected and produce only thrust in the beam 

direction. If we want to collect a plasma matter and to utilize also the ionization energy of plasma (or 

space environment) ions and dissociation energy of plasma molecules we must use the modified AB-

Ramjet engine described below (Figure 7). 

The modified AB-engine has magnetic collector (option), three nets (two last nets may be films), and 

issue voltage (that also may be an electric load). The voltage, U, must be enough for full braking of 

charged particles. The first two nets brake the electrons and precipitate (collect) the electrons on the film 

2 (Figure 7). The last couple of film (2, 3 in Figure 3) brakes and collects the ions. The first couple of 

nets accelerate the ions that is way the voltage between them must be double. 

          The collected ions and electrons have the ionized and dissociation energy. This energy is 

significantly (up 20 - 150 times) more powerful then chemical energy of rocket fuel (see Table 1) but 

significantly less then kinetic energy of particles (ions) equal U (in eV) (U may be millions volts). But 

that may be used by ship. The ionization energy conventionally pick out in photons (light, radiation) 

which easy are converted in a heat (in closed vessel), the dissociation energy conventionally pick out in 

heat. 



 

 

 

Figure 7. AB-engine which collected matter of plasma beam, kinetic energy of particles, energy ionization and 

dissociation. Notations: 1 - magnetic collector; 2 - 4 - plates (films, nets) of engine; 5 - electric load; 6 - particles 

of plasma; 7 - radiation. U- voltage between plates (nets). 

          The light energy may be used in the photon engine as thrust (Figure 8a) or in a new power laser 

(Figure 8b). The heat energy may be utilized conventional way (Figure 8c). The offered new power laser 

(Figure 8b) works the following way. The ultra-cool rare plasma with short period of life time located 

into cylinder. If we press it (decrease density of plasma) the electrons and ions will connect and produce 

photons of very closed energy (laser beam). If we compress very quickly by explosion the power of 

beam will be high. The power is only limited amount of plasma energy. 

          After recombination ions and electrons we receive the conventional matter. This matter may be 

used as nuclear fuel (in thermonuclear reactor), medicine, food, drink, oxidizer for breathing, etc. 

 

Figure 8.Conversion of ionization energy into radiation and heat.a- photon engine; b - power laser (light beamer); 

c - heater. Notations: 1 - recombination reactor; 2 - mirror; 3 - radiation (light) beam; 5 - piston; 6 - volume filled 

by cold rare plasma; 7 - beam; 8 - plasma; 9 - heat exchanger; 10 - enter and exit of hear carrier; 11 - heat carrier. 

          Transfer Theory of the High Speed Neutral Ultra-Cold Plasma and Particles 
 

          Below are the main equations and computations of neutral ultra-cold plasma beam having 

velocity up to relativistic speed. These equations received from conventional mechanics and 

relativistic theory. 

Note a ratio  
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whereV is plasma beam speed, m/s; c = 310 8 is light speed, m/s; Vs is projection of a ship speed in 

beam direction. 

1. Relative relativistic time, t , for observer moving together with beam is 
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wheret' is time for observer moving together with beam (system coordinate connected with beam)[s], t 

is time for Earth's observer [s]. Computation of Eq. (2) is presented in Figure 9. The beam time decreases 

for relativistic speed. That means the beam divergence is also decreased and beam energy may be passed 

for long distance. 

 

          Figure 9. Beam relative time versus beam relative speed for high relativistic beam speed. 

 

2. The power spent for acceleration plasma beam in Earth for efficiency = 1 (kinetic power of 

particle beam) is 
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(3) 

whereM0 is mass flow of beam, kg/s in Earth system of coordinate. 

          The computations of Eq. (3) for the intervals (0  0.1)c and (0  0.95)c are presented in Figures 

6, 6a. 

          The relativistic speed needs very high power in any method because the relativistic beam requires 

this energy. 

3. The power Pi of dissociation and single ionization of one nucleon is 
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(4) 

where  mp=1.6710 -27 kg is mass of proton, n is number of nucleon in nucleus, ei is energy of 

dissociation, ionization, or molecular breakup respectively. The energy of the first ionization (ion lost 

one electron) approximately equals from 2 to 14 eV. Magnitudes of this energy for some molecules and 

ions are in Table No.1. 
Table 1. Energy ionization, dissociation, and molecular breakup of some molecules 

and ions in eV. 

Molecular 

breakup 
H2O → H2 + O 2 eV CO2→ C+O2 0.093 eV 

Dissociation H2→ H+H 4.48 eV O2→ O + O 5.1 eV 

Ionization H→H+ 13.6 eV 
H2→

+

2
H  

2.65 eV 

Ionization 
O2→

+

2
O  

6.7 eV   



 

 

       Figure 10.Power for the beam acceleration via beam flow mass and relative beam speed for interval. (0  0.1)c . 

 

     Figure 10a. Power for the beam acceleration via beam flow mass and relative beam speed for interval (0 0.95)c. 

          If speed is relativistic, this energy is small in comparison with kinetic energy of beam. For 

interplanetary speed (VS = 8 -15 km/s) the energy of ionization reaches 15 - 50% from kinetic energy of 

beam. That decreases the coefficient of efficiency launch installation. If we used the heavy ions or a 

charged matter, the ionization energy decreases but voltage increases. For interplanetary vehicles it is 

not important because required voltage for low speed are small (U 5  20 V). 

          Figure 11 shows the required energy for different case 

 



 

Figure 11. Power of ionization versus mass flow and ionization potencial (Eq. (4)). 

4. The maximal thrust (drag) from the full reflected one charged plasma beam, for Earth's observer 

and relativistic speed and non-relativistic speed may be estimated by following equations: 
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 (5) 

          Here M is calculated mass of a moving relativistic particle flow, kg/s; M0 is mass of the particle 

flow measured by Earth's observer, kg/s. 

Note: If the space ship move along the beam in same direction, the thrust is decreased (sign is "-"); if 

that moves in opposed direction, the drag is increased (sing is "+"). This drag (thrust) is not requested 

the ship propulsion energy. 

          Result of computation for intervals (0  0.1)c, (0  0.95)c, VS = 0 are presented in Figure 12, 12a. 

 

Figure 12. Maximum thrust (drag) is produced by beam in space ship for VS = 0 and the interval (0  0.1)c. 



 

Figure 12a. Maximum thrust (drag) is produced by beam in space ship for VS = 0 and interval (0  0.95)c. 

5. The divergence of beam is a very important magnitude. If divergence is small, we can pass our 

energy in long distance S: 
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where u is maximal radial speed, m/s; D is maximal radial distance (radius of plasma beam), m; D is 

relative divergence (angle of divergence, D2=
)2D=

radians); t is time of beam moving, s. 

          The computation of Eq. (6) is shown in Figure 9. We need in small u (ultra-cold plasma) for 

decreasing of divergence as small as possible (u = 0.01 - 1 m/s). In this case we can transfer energy in 

the large distance and accelerate a ship for relativistic speed. The plasma is mixture of ions and electrons. 

If it is low-density, it can exist a long time. The cold plasma can be emitted from solid electrodes. 

          Note: Equations (2),(6) shows when V→c, then t'→ 0 and deviation D→ 0. That means the 

deviation can be small as we want but we need a big power for it. 

          The corresponding temperature is 
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Where m is mass of molecule (ion) [kg]; m = mpn , here mp=1.6710 -27 is mass of proton, n is number 

of nucleons into nucleus; i = 3 for single ion (for example O+), i = 5 for double molecule (for example 
+

2
O ), i = 6 for multi-molecular ions, k = 1.3910 -23 is Boltzmann constant. 

For u = 0.1  1 m/s the temperature is about 10 -3oK, the relative divergence is 10-9. 



 

                                          Figure 13. Radius of beam divergence via distance and ratio V/c. 

6. Accelerate voltage is 
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where  q = 1.610-19 C is electron (ion) charge. The computations are presented in Figure 14, 14a. The 

need voltage may be reduced in Z times if the ion has Z charges (delete Z electrons from ion). 

 

 

             Figure 14. Accelerated voltage versus the conventional beam speed and number of nucleons. 

 



 

      Figure 14a. Accelerated voltage versus a relativistic speed ratio V/c and number of nucleons. 

7. The speed Vs and distance of space shipS can be computed by conventional method (Earth's 

observer): 
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a is ship acceleration, m/s2. Ms is ship mass, kg, VS is ship speed measured by Earth's observer, m/s. 

8. Relative beam speed for a ship observer is 
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where, S is relative speed of beam and space ship respectively measured by Earth's observer. The sign 

" -" is used for same direction of speeds. 

9. Loss energy of the beam in the Earth atmosphere may be estimated by the following way: 
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(10) 

where H0 = Pa/ = 104/1.225 = 8163 m is thickness (height) of Earth atmosphere having constant density 

 = 1.225 kg/m3, Pa = 104 kg/m2 is the atmospheric pressure; )(h  is relative atmosphere density; )(hp  

is relative atmosphere pressure; Rt is particle track in atmosphere [cm]; m is mass of particle, kg; h is 

altitude, m; U is beam energy, MeV; o = 0,001225 g/cm3 is atmosphere density; 100 is transfer 

coefficient meter into cm. Magnitudes Rt, )(),( hph  for proton are given below in Tables 2, 3. 
Table 2. Value Rt [g/cm2] versus energy of proton in MeV, [32], p. 953 

UMeV  0.1  1  10 50 100 200 300 400 500 

Rtg/cm2 110-4 1.0910-2 0,9910-1 2.56 8.835 29.64 58.08 93.73 133.3 

 
U 600 700 800 1000 2000 3000 5000 7000 10,000 

Rt 176 222 270 370 910 1363 2543 3583 5081 

 
Table 3. Standard Earth atmosphere, [33], p. 261 

h km 0 5 10 20 40 60 100 

)(h  
1 0.661 0.338 0.072 3.2710-3 2.7110-4 4.4110-7 

)(hp  
1 0.533 0.261 0.054 2.9210-3 8.3510-4 3.2010-7 



 

Results of computation Eq. (10) are presented in Figure 15, 15a, 15b. 

 

 

Figure 15. Relative energy loss of the proton particle beam via a tower altitude in Earth atmosphere. Accelerate 

voltage U are in millions volts. 

 

Figure 15a. Relative energy loss of the proton particle beam via a tower altitude in Earth atmosphere. Accelerate 

voltage U are in millions volts. Angles in curve are result of the linearization data of Table 2, 3. 

 



 

Figure 15b. Relative energy loss of the particle beam via the tower altitude in Earth atmosphere and number n of 

nucleons in nucleus. Accelerate voltage U in millions volts. 

          Evidently, only high energy particle beam break up the Earth atmosphere. There is no problem if 

the particle beam starts from a space tower [20], [25] of 40  80 km altitude or from the Moon. 

Last formula in (10) allows recalculation by the particle track for any atom. For example, we want 

tocalculate the particle track for oxidizer particle having m = 16mp and energy 8,000 MeV. We take the 

Rt from Table 2 for U = 8,000/16 = 500 MeV and multiple by 16. Result Rt = 13316=2128. The particle 

track Tr= Rt/o = 2128/0.001225 =1737142 cm = 17.4 km in the air having density 1.225 kg/m3. That is 

enough to break the Earth's atmosphere of the constant density 8.163 km, but the loss of energy will be 

 = 8.163/17.4 = 0.47 (47%). The divergence may also be increased by atmosphere. Loss and divergence 

may be improved is the beam station is located on a mountain or special tower having the height about 

40  60 km. 

          10. Multi-reflex launch and landing (Figure2). In a starting or braking period the thrust (braking) 

can be increasingif we use the multi-reflect method developed in [26]. Multi-reflect in launching does 

not increased the installation power (thrust is increased by increasing of efficiency), multi-reflex in 

braking converts the apparatus kinetic energy into the electric energy which can be utilized by apparatus 

or operated station. The theory of multi-reflection is described below (see also [26]). 

          11. Change in beam power. The beam power will be reduced if one (or both) reflector is moved, 

because the beam speed changes. The total relative loss, q, of the beam energy in one double cycle (when 

the beam is moved to the reflector and back) is 

 

                                  q = (1–2γ)(1–2ξ)(1±2v)ς , q >0 , (11) 

                 

where v is the loss (useful work) through relative mirror (lens) movement, v = VS/V, VS is the relative 

speed of the electrostatic mirrors (space apparatus)[m/s], V = is the speed of the beam (in system of 

coordinates connected with an power operating station). We take the “+” when the distance is reduces 

(braking) and take “–“ when the distance is increased (as in launching, a useful work for beam), γ is 

coefficient reflectivity of electrostatic mirror (the loss of beam energy through the electrostatic reflector); 

ξ is the loss (attenuation) in the medium (air) (see point 8). If no atmosphere, ξ = 0; ς is the loss through 

beam divergence (ς = 1 if D <Dr, where Dr is diameter of the electrostatic mirror). For a wire net  



electrostatic reflector γ≈2dw/l where dw is diameter of wire, l is size of mesh. For example, for the net 

having a mesh 0.1×0.1 m, the l = 0.1 m and a wire dw= 0.0001 m, the γ= 0.002. 

Multi-reflex light pressure. The beam pressure, T, of two opposed high reflectors after a series 

ofreflections, N, to one another is 
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where S is distance between electrostatic reflectors of the station and ship [m], k = 1 ÷ 1.5 is correction 

coefficient for the case when D>Dr. For primary estimation k = 1. 

If VS is small and V is high, the multi-reflex T may be large. For example, if VS =10 m/s, V = 30 km/s, S 

is small, the number of reflection may reach n≈ 30000/10/2 = 1500 times more then regular thrust. That 

is well for ship trip starting and braking. 

          12. Limitation of reflection number. If the reflector is moved away, the maximum number of 

reflections, N, is limited by q> 0, VS< 0.5V (see Eq. (11)). At ship launch or braking the maximum thrust 

is limited by a safety acceleration or deceleration. 

          Coefficient of efficiency. The propulsion efficiency coefficient, η, (without loss for ionization) 

may be computed using the equation 

                                     BS
PTV /=η  (13) 

For full reflection Eq. (13) has the form: 
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Computation of launch and landing trajectories computed by the usual method of integration 
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Project 
(Interstellar probe having speed 30.000 km/s, weight 0.1 kg) 

          Let us assume we want to estimate an interstellar probe which can reach the nearest solar systems. 

As known they are located about 4 - 60 light years from our Sun. That means the apparatus having speed 

S = 0.1c (VS = 30,000 km/s) can reach them in 40 - 60 years. Reminder, "Voyager-1" was flown for 

30+ year, sending information up to present time. But it has speed only 20 km/s and was reached only 

the boundary of Solar system (about 2 billion km). 

          Assume, the weight of interstellar probe is 0.1 kg. If distance of acceleration is S = 1.5×1011 m (1 

AU) the acceleration and acceleration time must be 
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  The thrust, requested acceleration energy and power are 
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          The mass of the beam flow, and energy spent by beam station are (Eq. (3),(5)) 
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Here βS = 0 ÷0.1 . We take the average value βS = 0.05 . Notice that PB = P, that means our installation 

transfer the station energy to ship with efficiency = 1. Unfortunately, this energy is very high. Tens of 



electric power stations must accelerate this probe in 23 days. We cannot decrease this amount by any 

methods because that is a minimum energy required by space probe. 

          Divergence D for u = 0.01 m/s, voltage U (n =1), jet speed β = 0.1 and plasma temperature Tp are 
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  For jet speed β =0.9 divergence D = 25 m, for jet speed β =0.99 divergence D = 7 m, 

  The power of dissociations (H2→H + H, 2.2 eV) and ionization (H→H+, 13,6 eV) are equal 
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In given case (comparison with PB above) this value is small and we can negligee it. But into planetary 

flight (V 8 - 30 km/s and large M0) this energy is essential. 

Discussion  of Part  3 
 

          In [33] G.A. Landis writes about using particle beams for interstellar flight. The beam is braked 

by a magnetic sail. Unfortunately, as with most other works in this field, his work also contains only 

common speculations. No theory, no mathematical models, no computations. More then ten years 

authors investigate the magnetic sail, but not its theory, no formulas which allows correct calculation or 

to estimate the magnetic sail drug. Moreover, the most MagSail works contain a common mistake (see 

34 Chapter 4 "Electrostatic MagSail"). Landis offered the beam temperature 45 oK. The theory in this 

article is shown that this temperature gives the beam divergence which does not allows the interstellar 

flights. Absolutely unsubstantiated statement that magnetic sail reflects beam in thousands kilometers 

diameter. The estimations show for high speed particles especially relativistic particles the affective 

diameter equals some meters and magnetic field must be powerful. In additional the magnetic sail is 

impossible at present time: electric ring needs in cryogenic temperature and spaceship must have power 

cryogenic equipment because the Sun will warm the ring for any heat insulation; for starting the ring 

needs a power electric station; a special equipment is necessary for displacing the ring of 100 km 

diameter into space; if the ring temperature exceeds a critical cryogenic temperature in any ring place, 

the ring explodes. The ring weight is big (22 tons for diameter 100 km), the produced magnetic field is 

very weak (10-6 Tesla). The magnetic sail does not have active control. That means the ship will move 

in one (non-control) direction and a ship mission will useless. These obvious defects make it impossible 

the application of the magnetic sail with little or no progress in solution these problems since 1988. 

          The suggested method does not require a magnetic sail. That used the electrostatic sail [26] and 

AB-Ramjet engine offered by author early. This sail is light (100 - 300 kg), cheap, and has tens 

kilometers (hundreds km for low beam density) of the effective radius. For example, for solar wind the 

magnetic effective radius decreases proportional 1/R2 (where R is distance of the sail from the Sun), 

electrostatic effective radius decreases approximately 1/R (see [26]). That is very important advantage. 

                                                      Conclusion Part 3 
          The offered idea and method use the AB-Ramjet engine suggested by author in 1982 [3; 4; 6; 8; 

9; 12; 14-16; 18] and detail developed in [28]. The installation contains an electrostatic particle collector 

suggested in 1982 and detail developed in [26; 30]. The propulsion-reflected system is light net from 

thin wire, which can have a large area (tens km) and allows to control thrust and thrust direction without 

turning of net (Figure1). This new method uses the ultra-cold full neutral relativistic plasma and having 

small divergence. The method may be used for acceleration space apparatus (up relativistic speed) for 

launch and landing Space apparatus to small planets (asteroids, satellites) without atmosphere. For Earth 



offered method will be efficiency if we built the tower (mast) about 40  80 km height [19; 24]. At 

present time that is the most realistic method for relativistic probe. 
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