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Abstract

   Author offers and develops the theory of a new class of space wing electro ship. A biplane wing and an electric field between the wings characterize this space ship. The interstellar and interplanetary mediums contain charged protons and other charged particles. The winged space ship can produce the lift, thrust and drag forces. The density of the space medium is small (100 - 105 charged particles/cm3) but the high ship speed allows creating enough force for maneuvers, turning, acceleration and braking of ship especially at near relativistic speeds. Author shows the ratio of lift force/drag of the space wing electro ship may reach 100 and maneuver of wing space is big advantageous compared to maneuver using conventional rocket methods. In addition the biplane wing easily may be converted into a very efficient engine (brake) using external space matter and achieve something close to simple photon propulsion. That means the proposed wing-brake-engine is the most efficient and technologically realistic space drive available at the present time.  The offered wing design allows collecting of particles from a very large space area. The method also allows decreasing the drag of a ship body.
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                                                          Introduction
   A major problem with using rocket propulsion to reach the velocities required for interstellar flight is the enormous amounts of fuel required. Since that fuel must itself be accelerated, this result in an approximately exponential increase in mass as a function of velocity change at non-relativistic speeds, asymptotically tending to infinity as it approaches the speed of light. 
    In 1960 the physicist Robert W. Bussard proposed an interstellar ramjet engine [1]. Bussard proposed a ramjet variant of a fusion rocket capable of fast interstellar spaceflight, using an enormous magnetic field (ranging from kilometers to many thousands of kilometers in diameter) as a ram scoop to collect and compress hydrogen from the interstellar medium. High speeds force the reactive mass into a progressively constricted magnetic field, compressing it until thermonuclear fusion occurs. The magnetic field then directs the energy as rocket exhaust opposite to the intended direction of travel, thereby accelerating the vessel. In principle, the Bussard ramjet avoids this problem by not carrying fuel with it. An ideal ramjet design could in principle accelerate indefinitely until its mechanism failed. Ignoring drag, a ship driven by such an engine could theoretically accelerate arbitrarily close to the speed of light, and would be a very effective interstellar spacecraft. In practice, since the force of drag produced by collecting the interstellar medium increases approximately as its speed squared at non-relativistic speeds and asymptotically tends to infinity as it approaches the speed of light (taking all measurements from the ship's perspective), any such ramjet would have a limiting speed where the drag equals thrust. To produce positive thrust, the fusion reactor must be capable of producing fusion while still giving the incident ions a net rearward acceleration (relative to the ship).
  The collected propellant can be used as reaction mass in a plasma rocket engine, ion rocket engine, or even in an antimatter-matter annihilation powered rocket engine. Interstellar space contains an average of 10−21 kg of mass per cubic meter of space, primarily in the form of non-ionized and ionized hydrogen, with smaller amounts of helium, and no significant amounts of other gasses. This means that the ramjet scoop must sweep 1018 cubic meters of space to collect one gram of hydrogen.
   The obvious fuel source, the one proposed by Bussard, is fusion of hydrogen, the most common component of interstellar gas. Unfortunately, the proton-proton fusion rate is close to zero for this purpose: protons in the Sun on average survive for a billion years or more before reacting. Accordingly, an interstellar ramjet would have to be powered by other nuclear reactions, but the required isotopes are rare in the interstellar medium.
  Bussard ramjet designs that use the collected hydrogen only as reaction mass are sometimes referred to as ram-augmented interplanetary or interstellar rockets (RAIR) to distinguish them from the designs that use the collected hydrogen as fuel.
  Discussions of feasibility. T.A. Heppenheimer [2] analysed Bussard's original suggestion of fusing protons, but found the bremsstrahlung losses from compressing protons to fusion densities was greater than the power that could be produced by a factor of about 1 billion, thus indicating that the proposed version of the Bussard ramjet was infeasible.
  There are a lot of principal physical and technology problems which disallow creating the Bussard ramjet. As it is shown in [3] Ch.4, pp.95-104 the ship’s magnetic field is spinning up the charged particles which produce  their own magnetic field opposed to the ship magnetic field and dramatically decreases it; the outer particles of the ship’s ring magnetic field does not not collect charged particles and not produce a drag; the collection region of magnetic ring becames small when ship speed is high (close to a relativistic speed). The braking of particles by a plate (at ashort distance) produces dangerous X and γ radiation. The fusion nuclear reactor is very complex, expensive and absent in present time. This itself produces a dangerous nuclear radiation and so on.        
   Interstellar medium. Although space is very empty and the stars in the Milky Way are very far apart, the space between the stars contains a very diffuse medium of gas and dust astronomers call the interstellar medium (ISM). This medium consists of neutral hydrogen gas (HI), molecular gas (mostly H2), ionized gas (HII), and dust grains. The Milky Way Galaxy is filled with a very diffuse distribution of neutral hydrogen gas which has a typical density of about 1 atom/cm3 (10-24g/cm3). 
   The neutral hydrogen is distributed in clumpy fashion with cool, denser regions that astronomers call "clouds" but which are more like filaments. These regions have a typical temperature of about 100K and a density between 10--100 atoms/cm3. Surrounding the clouds is a warmer lower density medium with about 0.1 atom/cm3 and T ~ 1000K.
	   Molecular Clouds. Comparatively dense (nH2 > 1000 molecules/cm3), cold (T ~ 10K) clouds of molecular hydrogen and dust, known as molecular clouds or dark clouds are the birthplaces of stars. We do not detect molecular hydrogen directly, but infer its characteristics from other molecules, most often CO. Over 50 other molecules have been detected including NH3, CH, OH, CS and molecules as complex as ethyl alcohol (C2H5OH - the stuff in whisky) have been found in Milky Way molecular clouds. The Horsehead Nebula (Messier Nebulae, Web Nebulae) to the right is produced by the incursion of a plume of dust from a molecular cloud, covering the lower half of the image, into a region of ionized hydrogen. A Giant Molecular Cloud (GMC) may have a mass of 106M [image: image2.png]


 and a diameter of 150 l.y. Within the GMCs are warm dense corse of order 2-3 l.y. in diameter, with T~100K and densities as high as n~107-109 molecules/cm3. It is in these regions where the star-formation process begins. There are thousands of GMCs in the Milky Way, mostly on the Spiral Arms and concentrated toward the Galactic Center. The total mass of molecular gas is estimated to be about equal to, or perhaps somewhat less (~25%) than, the mass of HI gas.

    About 99% of the interstellar medium is gas with about 90% of it in the form of hydrogen (atomic or molecular form), 10% helium, and traces of other elements. H II regions are regions of hot (several thousand K), thin hydrogen emission nebulae that glow from the fluorescence of hydrogen atoms. The roman numeral "II" of H II means that hydrogen is missing one electron. A He III nebula is made of helium gas with two missing electrons. A H I nebula is made of neutral atomic hydrogen. Ultraviolet light from hot O and B stars ionizes the surrounding hydrogen gas. The famous H II region is the Orion Nebula. Another large H II region is the Lagoon Nebula in the constellation Sagittarius. It is about 5000 light years away and spans 90 by 40 arc minutes in our sky. Converting the angular size to a linear size, the Lagoon Nebula is about 130 by 60 light years in extent (the Orion Nebula is only 29 by 26 light years in size).

	


Table 1. Density different parts of Interstellar medium [1]

	Principal Constituents of the ISM

	 
	Total Mass 
(M[image: image3.png]


)
	"Cloud" Mass 
(M[image: image4.png]


)
	Density 
(cm-3)
	Temperature
(K)

	HI gas
	~5 x 109
	 
	0.1-10
	100-1000

	H2 gas
	1-5 x 109
	105-106
	103-105
	~10

	Dust
	~5 x 107
	 
	 
	~40

	HII gas
	 
	100-1000
	103-104
	10,000


  Next to the Lagoon Nebula on our sky (but closer to us in space) is the Trifid Nebula, so-called because of the dust lanes that trisect the H II region behind them. The image below is nice one to illustrate the three types of nebulae: the red H II region behind a dark dust nebula (showing the effect of the extinction of light) and next to them a blue reflection nebula (showing the preferential scattering of shorter wavelengths).
   H II regions also provide a convenient way to map the structure of a galaxy because they are so large and luminous. In our galaxy the H II regions are distributed in a spiral pattern.
  The Solar system has a protonic Solar wind having density 10 – 70 protons and speed 400 – 1000 m/s at Earth orbit [4] Ch.13, p.246. The Earth’s top atmosphere has about 105 charged particles/cm3 at altitude 200 – 600 km and above [3] Ch.3 p.48. The UV light of star ionizes the hydrogen at a gigantic distance. 

                          Description of the offered space wing electro-ship.

  The schematic diagram of the offered space wing electro-ship is shown in fig. 1. The ship has body 1, two biplane wings (light grids, nets): top 2 and lower 3 and bracings 4. The grids are charged electricity “+” and “-“. They have electric field between them. Number 6 is lines of an electric intensity. The charged space medium 5 (protons, ions, plasma) entrance between wings in flight and wings turn (to deflect) the charged space particles 7 in down and thus produce the lift force. This lift force allows changing the direction of space flight and helping to maneuver the space ship. 
   The wings may have a perpendicular position to the flight direction. In this case they can work as the efficient propulsion system (engine) or an electric brake of the space ship. When installation is used as wings or engine that consumes electric energy. When they use as the brake, they generate electric energy. The wing grid is made from thin wire and has large cells relative to the wire area. They located along the flight direction and have negligibly small medium drag. They may also be formed as tubes (or balls) from a very thin film covered by electric conductivity layer. In this case the thickness of film is very small and high energy space particles pierce through them.
  The charged space medium (and plasma) is a mixture of the negative (electrons) and positive (protons, 
 ions) particles. The mass of electrons is less than the mass of  protons by approximately two thousand times. Their acceleration proportionately more than the acceleration of protons. The electrons quickly leave the space between biplane wings. In addition, when the wing has a positive attack angle, the way of positive particles between biplane wings is more than the way of electrons. That way the offered wing produces the left force and simultaneously the inductive grad 10 shown in fig.2c. The computation of lift force, drag, inductive drag, thrust and brake are discussed in Computation and Estimation section.

[image: image5]
Fig.1. Space wing AB-electroship. a – site view; b – forward view. Notations: 1 – Body of electrocraft; 2 – upper positive charged electric net (upper wing). Nets (grids) 1 and 2 together create the biplane wing in the horizontal position (along the charge flow) and jet-engine in  vertical position (perpendicular to charge flow); 3 – lower negative charged electric net (lower wing); 4 – bracing; 5 – space charged particles (in the most cases: proton) or a charged flow; 6 – line of electrical intensity; 7 – deflected flow after wing; α –attack angle of wing.

  Element of one design of the suggested space wing is shown in fig.2. Fig.2a shows the horizontal position of the wing (vertical position of electric intensity lines relative to the direction of ship flight). In this position the wing deflects down the charged flow and produces the lift force and inductive drag. Fig. 2b shows the vertical position of the wing (horizontal position of electric intensity lines relative to the direction of ship flight). Note, in this position you can transfer the wing into an electric engine without turning of wing by a switching-on the voltage between horizontal elements of wing.  In this position the wind will be working as propulsion system and produces thrust or drag.  


[image: image6]Fig.2. Element of space net wing. a – horizontal position of the wing or the vertical electric intensity lines; b - vertical position of the wing or the horizontal position of intensity lines; c – inductive drag of the wing. Notations: 7 – accelerated (braked) space charged particles; 8 – wing force; 9 – lift force; 10 – inductive force; other notations are same with fig.1.

  Fig.3 shows the method for decreasing drag of the ship body 1 (fuselage of space ship). Relativistic particles cannot be deflected by sharp edges as the conventional high-speed molecules in aviation.  They penetrate into body matter and can produce the radiation and radioactive isotopes. We can only deflect the charged particles by electric fields. There are two grids 2 and 3 having the electric field between them. The positive heavy particle 5 bends its trajectory between grids 2-3 and is deflected (see 7) before contacting the front part of the body in space. The negative particles (electrons) penetrate into the ship body and negatively charge the ship body. This negative charge may be used for charging the negative wing grid, or in the collector of positive particles 4 (fig.6), or for production of electricity [4].
  The thin film 6 is used as ionizer of neutral particles. They loss the part of its kinetic energy (energy of ionization about 14 eV for hydrogen) but heavy positive particles avoid collision with ship body.
                        
[image: image7]
       Fig.3. Body (fuselage) deflector of the charged particles (reducer of space drag). Notations: 1 – ship body (fuselage); 2, 3 – electric grids; 5 – flow of electric charges to a body entrance; 6 – thin film-ionizer. 7 – deflected positive charged particles.

  The other design of fuselage deflector is shown in fig.4. Forward of body locates the ionizer from thin film and charged positive ball. The positive ball repels the protons and attractive the electrons. They avoid the collusion with ship body.  

                           
[image: image8]
Fig.4. Other design of body (fuselage) deflector of the charged particles (reducer of space drag). Notations: 1 – ship body (fuselage); 2 – thin film ionizer; 3 – charged positive ball; 4 – charged positive particle (proton); 5 – charged negative particle (electron); 6 – trajectory of positive particle; 7 – trajectory of negative particle.

  Fig.5 shows the simplest wing space ship. That has eight charged balls 11 - 18 from thin film covered by conductive layer. The balls are connected to space ship by the thin long wires 19 and rotated around ship. Centrifugal force compensates the attractive force of charged ball and lift force, thrust and drag forces. The ball allows gets an acceptable electric intensity on ball surface (< 100 Mv).  
    This design allows covering a large space area (up to tens of square km). That allows also easy conversion of the space wings into propulsion/drag system (without turning or translating the entire system) by switching of electric voltage into chosen other balls from a variety deployed throughout the craft (analogous to firing only certain rockets of a built in reaction control system (RCS) in traditional spacecraft, but with the reaction-mass free consumption of a reaction wheel--and without the reaction wheel's need for periodical purging of momentum.) 
                           
[image: image9]
Fig.5. The simplest wing space AB-electro-craft. a – site view; b – forward view. Notation: 11 – 18 charged balls; 19 – brackets.

  We can use for collection of the positive charged particles (protons) the negatively charged ball offered by author in [4] Ch.13. The ship is having achievable speed of 400 km/sec and the thin ball is having radius 5 m can collect the protons from area in 10 – 60 km in Solar System. This design of wing space ship is shown in fig.6. Here 4 is ball, 5 – electrostatic deflector of flow, 6 – electrical accelerator (brake).
  The wing space ship can have the UV laser 2, which ionizes the neutral atoms ahead of ship. That allows the ship to have the lift force, thrust and brake in most areas of interstellar media. The stars having predominant UV light in their emission spectra ionize the interstellar hydrogen at gigantic distances. The requested energy for ionization of hydrogen H equals 13 eV. The energy of relativistic H particles is Mv. It is more profitable to ionize and deflect H from way than spend engine energy for compensation of ship drag.
          
[image: image10]
Fig.6. Space wing ship having the laser beam ionizer 2 and the electrostatic collector 4. Notations: 1 – space ship; 2 UV laser beam ionizer; 3 – trajectories of positive charged particles; 4 - negative charged  thin film ball; 5 – electrostatic deflector of flow; 6 – electrical accelerator  (brake). 
          

         Theory, computations and estimation of a flight the wing space ship

 1. Common relations. The relativistic theory [5] asserts the measurement of time t, speed v and distance S of moving object made a immobile observer (on Earth) and observer located in object (astronaut of space ship) gives the different result. The theory gives the following relations between them 
                           
[image: image11.wmf])
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where c = 3∙108 m/s is light speed; v is speed of the moving object measured by immobile observer, m/s; ve is speed measured by astronaut by calculation the acceleration and self time, m/s; t is time, sec; s is lenght, m. The subscript ‘e’ means the value is measured by astronaut. The other values are measured by Earth observer. The th, ch, sh are hyperbolic tangent, cosine and sine. Note the speed ve calculated by astronaut may be any, in particular, ve > c.  The hyperbolic th x ≤ 1.            
   The hyperbolic  th, ch, sh  may be computed throw conventional function ex
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  For small ve /c <<1 the v ≈ ve , t ≈ te,  s ≈ se . The computations of magnitudes (1) presented in fig.7.  
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                     Fig.7. Ratio speeds, times and lengths measured astronaut and Earth observer.

2. Case of constant acceleration a. In this case the relativistic equations may be integrated and we get the next relations between the time, speed and distance measured by Earth observer and astronaut:
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where a = const acceleration of space ship measured by astronaut, m/s2. S is distance, m. 
  The speed and distance are (in te = t = 0, values v(0) = S(0) = 0): 
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  where 
[image: image16.wmf]0
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 is the rest of the relative mass of ship moved by the photon engine.
  Let us consider the hypothetic flight to star system Alfa-Centaur  (Alpha Centauri) located at a distance 4.3 light years from Earth with constant Earth acceleration a = 10 m/s. The first half of distance the ship accelerates, the second it brakes. Then the maximum speed of ship will be v/c = 0.95, the astronaut time of flight will be 7.3 years, the Earth time will be 12 years. The radioed (beamed) information sent by astronauts about Alfa-Centaur  (Alpha Centauri) will reached the Earth after 4.3 years.
  3. Relative consumption of mass by rocket engine is
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  Where 
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; M0 –initial mass of rocket, kg.  
  The photon engine having 
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    For v/c << 1 the equation (5) became as the well-known equation 
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. Computations of the equation (5) are presented in fig.8.
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       Fig.8. Relative mass of rocket via relative speed of rocket and relative speed of exhaust mass.

4. The dynamic pressure (drag) of space ship equals
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  where pe is dynamic pressure, N/m2; ρe is density of space medium, kg/m3 (mass of proton is mp=1,67∙10-27 kg). The computation of equation (6) are presented in fig.9.
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Fig.9. Dynamic pressure (drag) via relative space ship and media density.


5. The thrust of the ramjet engine. The thrust of unit (m2) of an entrance surface F [m2] in case the most efficiency using is
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     where Pe is thrust, N. The computations of equation (7) are presented in fig.10.
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      Fig.10. Thrust of photon ramjet engine via relative ship speed ve/c and number protons (H) in 1cm3.


6. Lift force and inductive drag. The space wing shown in fig.1 (when one deflects a flow) produces the drag shown in fig.2c. The value of drag depends from angle of deflected flow. This angle β and inductive drag Di  [N/m2], lift force L [N/m2] approximately equals     
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  where V is vertical (along electric tensile lines) speed in exit of wing, m/s; q is charge of particles, for proton q = 1.6∙10-19 C; m is mass of particles, for proton mp = 1,67∙10-27 kg; U is change of electric voltage along particle way, V; s – way of particle along electric lines, m; ap – acceleration of particle, m/s2 ; E- energy of  particle along electric lines, eV. Conventionally V/c <<1. Acceleration of particle equals ap ≈ qEp/m, where Ep is electric intensity, V/m; L is lift force, N/m2. Lift force, media density and speed v are related to area F of the entrance into biplane wing. 
  The ratio k = L/D (where L is lift force, D is a full drag) can reach up k ≈ 2/β ≈ 100 (conventional airplane has k about 12÷15). That means using wing space ship for maneuver is more profitable then rocket engine.  The computations lift force L of equation (8) via relative ship speed and the media density (number of protons H in 1 cm3) are presented in fig.11.
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Fig.11. Relative lift force L [N/m2] of wing ship via relative ship speed v/c and numbers of protons [H/cm3] in space media, β = 0.1. 


7. Drag of ship body. It is very efficienct using the electrostatic field (fig.3, 4) for decreasing the drag of ship body (fuselage). Proton is heavier by 1836 times then electron. Theoretically we can decrease the drag by the same factor spending but small electric energy.

8. Collector of particles. Electrostatic collector offered and developed by author in [4] Ch.13. That allows to collect charged particles from a gigantic area and to get matter for the  ship. 

                                                        Conclusion
  Author offers and develops a new wing space relativistic apparatus (space ship). And the propulsion system uses the electric energy. That apparatus allows changing the direction of flight and maneuvering (include orientation) of the space ship without using the rocket engine. He also offers the electrostatic method for decreasing the drag of ship fuselage and collects the charged particles from a huge area. That increases the efficiency of the wing ship and the ramjet relativistic propulsion system by thousands of times.                                                                                                                            
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