PAGE  
30

Article Magnetic Towers  after Joseph 1 25 10
Magnetic Suspended AB-Structures 
and Motionless Space Stations
                                               Alexander Bolonkin

C&R, 1310 Avenue R, #F-6, Brooklyn, NY 11229, USA

T/F 718-339-4563, aBolonkin@juno.com , http://Bolonkin.narod.ru
                                                            Abstract
In this article the author provides new ideas, theory and computations for building with the current technology low cost magnetic suspended structures and motionless space stations up to 37,000 (geosynchronous orbit) kilometers of altitude. These structures (towers) can be used for launching of spaceships, radio, television, and communication transmissions, for tourism, scientific observation of the Earth’s surface, weather of the top atmosphere and military radiolocation. Main idea and attribute of invention is the following: The suspended structures (space station) are supported by a MAGNETIC column which has a mass (weight) close to zero. Author estimates two projects of motionless magnetic space stations: one of height  =  to 100 km and the second project up to 37000 km  (geosynchronous orbit).

   These projects are not expensive and do not require a high crane or complex technology. They do require superconductive material and a thin strong film composed of artificial fibers. Both materials are fabricated by current industry. The structures (space stations) can easily be built using present technology without rockets. The construction is built by unreeling of a special roll. Structures (towers) can be used (for communication, tourism, etc.) during the construction process and provide self-financing for further construction. The building does not require work at high altitudes; all construction can be done at the Earth’s surface. 

The transport system (climber) consists of a very simple magnetic engine provided by electricity from a wire connecting the structure with the Earth.
   Problems involving security, control, repair, and stability of the proposed towers are shortly considered. The author is prepared to discuss these and other problems with serious organizations desiring to research and develop this project.

      Magnetic towers may also become a civic symbol giving any city a distinctive landmark such as the Eiffel Tower in Paris or the Ostankino Tower (Russian: Останкинская телебашня, Ostankinskaya telebashnya ) in Moscow. 
--------------  
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                                                                 Introduction


  Brief History. The idea of building a tower high above the Earth into the heavens is very old [Smitherman]. The writings of the revered Moses, about 1450 BC, in Genesis, Chapter 11, refer to an early civilization that in about 2100 BC tried to build a tower to heaven out of brick and tar. This construction was called the Tower of Babel, and was reported to be located in Babylon in ancient Mesopotamia. Later in chapter 28, about 1900 BC, Jacob had a dream about a staircase or ladder built to heaven. This construction was called Jacob’s Ladder.  More contemporary writings on the subject date back to K.E. Tsiolkovski in his manuscript “Speculation about Earth and Sky and on Vesta,” published in 1895 [Tsiolkovsky, Landis]. Idea of Space Elevator was suggested and developed by Russian scientist Yuri Artsutanov and was published in the Sunday supplement of newspaper “Komsomolskaya Pravda” in 1960 [Artsutanov].  This idea inspired Sir Arthur Clarke  to write his novel, The Fountains of Paradise, about  a Space Elevator located on a fictionalized Sri Lanka, which brought the concept to the attention of the entire world [Clarke].

  Today, the world’s tallest construction is a television transmitting tower near Fargo, North Dakota, USA. It stands 629 m high and was built in 1963 for KTHI-TV. The CN Tower in Toronto, Ontario, Canada is the world’s tallest building. It is 553 m in height, was built from 1973 to 1975, and has the world’s highest observation desk at 447 m. The tower structure is concrete up to the observation deck level. Above is a steel structure supporting radio, television, and communication antennas. The total weight of the tower is 130,073 tons. 
  At present time (2009) the highest structure is Burj Dubai (UAE) having pinnacle height of 822 m, built in 2009 and used for office, hotel, residential.  

The Ostankino Tower in Moscow is 540 m in height and has an observation desk at 370 m. The world’s tallest office building is the Petronas Towers in Kuala Lumpur, Malasia. The twin towers are 452 m in height. They are 10 m taller than the Sears Tower in Chicago, Illinois, USA.

  Current materials make it possible even today to construct towers many kilometers in height. However, conventional towers are very expensive, costing tens of billions of dollars. When considering how high a tower can be built, it is important to remember that it can be built to many kilometers of height if the base is large enough.

  The tower’s applications.  High towers (3–100 km) have numerous applications for government and commercial purposes:
   •
Communication boost: A tower tens of kilometers in height near metropolitan areas could provide much higher signal strength than orbital satellites.
   •
Low Earth orbit (LEO) communication satellite replacement: Approximately six to ten 100-km-tall towers could provide the coverage of a LEO satellite constellation with higher power, permanence, and easy upgrade capabilities.

•
 Entertainment and observation desk for tourists. Tourists could see over a huge area, including the darkness of space and the curvature of the Earth’s horizon. 

•
Drop tower: tourists could experience several minutes of free-fall time. The drop tower could provide a facility for experiments.

•
A permanent observatory on a tall tower would be competitive with airborne and orbital platforms for Earth and space observations.

•
Solar power receivers: Receivers located on tall towers for future space solar power systems would permit use of higher frequency, wireless, power transmission systems (e.g. lasers).

· Transfer of electric energy from one continent to other continent.

                         Short review of main types of the proposed Space towers

   Solid towers [Bolonkin, 2006a,b; 2007a]. The review of conventional solid high altitude and space towers is in [Krinker]. The first solid space tower was proposed in [Tsiolkovsi]. The optimal solid towers are researched in detail in the series of works [Bolonkin, 2006a,b; 2007a]. These works contain computation of the optimal (minimum weight) solid space towers of up to 40,000 km height. Particularly authors considered solid space tower having the rods filled by light gas as hydrogen or helium. It is shown the solid space tower from conventional material (steel, composites) can be built up to 100-200 km. The GEO tower requires structural diamond.   

 Inflatable tower [Bolonkin, 2002a, 2003a, 2006d, 2008a]. The optimal (minimum weight of cover) inflatable towers were researched and computed in [Bolonkin, 2002a, 2003a, 2006d, 2008a].

   The proposed inflatable towers are cheaper by factors of hundreds. They can be built on the Earth’s surface and their height can be increased as necessary. Their base is not large. The main innovations in this project are the application of helium, hydrogen, or warm air for filling inflatable structures at high altitude and the solution of a safety and stability problem for tall (thin) inflatable columns, and utilization of new artificial materials, as artificial fiber, whisker and nanotubes.
   Circle (centrifugal) Space Towers Tower (Space Keeper) [Bolonkin, 2003b, 2006g]. The installation includes: a closed-loop cable made from light, strong material (such as artificial fibers, whiskers, filaments, nanotubes, composite material) and a main engine, which rotates the cable at a fast speed in a vertical plane. The centrifugal force makes the closed-loop cable a circle. The cable circle is supported by two pairs (or more) of guide cables, which connect at one end to the cable circle by a sliding connection and at the other end to the planet’s surface. The installation has a transport (delivery) system comprising the closed-loop load cables (chains), two end rollers at the top and bottom that can have medium rollers, a load engine and a load. The top end of the transport system is connected to the cable circle by a sliding connection; the lower end is connected to a load motor. The load is connected to the load cable by a sliding control connection. 
  The Circle tower has many variants.
  Kinetic and Cable Space Tower [Bolonkin, 2006e,f; 2002b]. The installation includes: a strong closed-loop cable, rollers, any conventional engine, a space station (top platform), a load elevator, and support stabilization cables (expansions). 
   The installation works in the following way. The engine rotates the bottom roller and permanently moves the closed-loop cable at high speed. The cable reaches a top roller at high altitude, turns back and moves to the bottom roller. When the cable turns back it creates a reflected (centrifugal) force. This force can easily be calculated using centrifugal theory, or as reflected mass using a reflection (momentum) theory. The force keeps the space station suspended at the top roller; and the cable (or special cabin) allows the delivery of a load to the space station. The station has a parachute that saves the people if the cable or engine fails.

   The theory shows, that current widely produced artificial fibers allow the cable to reach altitudes up to 100 km (see Projects 1 and 2 in [Bolonkin, 2006f]). If more altitude is required a multi-stage tower must be used (see Project 3 in [Bolonkin, 2006f]). If a very high altitude is needed (geosynchronous orbit or more), a very strong cable made from nanotubes must be used (see Project 4 in [Bolonkin, 2006f]).

  The safety speed of the cable spool is same as the safety speed of the cable because the spool operates as a free roller. The conventional rollers made from the composite cable material have the same safe speed as the cable. The suggested spool is an innovation because it is made only from cable (no core) and it allows reeling up and unreeling simultaneously with different speeds. That is necessary for changing the tower’s altitude.
    Electrostatic Space Tower [Bolonkin, 2007b,c]. The proposed electrostatic space tower (or mast, or space elevator) is shown in [Bolonkin, 2007b,c]. That is an inflatable cylinder (tube) from strong thin dielectric film having variable radius. The film has inside a sectional thin conductive layer 9. Each section is connected with issue of control electric voltages. Interior to the tube there is electron gas from free electrons. The electron gas is separated by sections of a thin partition 11. The layer 9 has a positive charge equals to the sum of negative charges of the inside electrons. The tube (mast) can have length (height) up to Geosynchronous Earth Orbit (GEO, about 36,000 km) or up 120,000 km (and more) as in project (see [Bolonkin, 2007b,c]). The very high tower allows launching (without spending of energy in launch stage) interplanetary space ships. The proposed optimal tower is designed so that the electron gas in any cross-section area compensates the tube weight and tube does not have compressing longitudinal force from weight. More over the tower has tensile longitudinal (lift) force, which allows the tower a vertical tension (it is held rigid and erect). When the tower has a height more than GEO, the additional centrifugal force of the rotating Earth can lift payloads or be otherwise tapped.

6.     Electromagnetic Space Towers (AB-Levitron) [Bolonkin,2007d]. The AB-Levitron uses two large conductive rings with very high electric current. They create intense magnetic fields. Directions of the electric currents are opposed one to the other and the rings are repelled, one from another. For obtaining enough force over a long distance, the electric current must be very strong. The current superconductive technology allows us to get very high-density electric current and enough artificial magnetic field at a great distance in space. The other type of magnetic tower (magnetic AB-column) is proposed in this article. 

  The superconductive ring does not spend net electric energy and can work for a long time period, but it requires an integral cooling system because current superconducting materials have a critical temperature of about 150-180 K. This is a cryogenic temperature. 

   However, the present computations of methods of heat rejection (for example, by liquid nitrogen) are well developed and the induced expenses for such cooling are small.

  The ring located in space does not need any conventional cooling—there, defense from Solar and Terrestrial heat radiation is provided by high-reflectivity screens. However, a ring in space must have parts open to outer space for radiating of its heat and support the maintaining of low ambient temperature. For variable direction of radiation, the mechanical screen defense system may be complex. However, there are thin layers of liquid crystals that permit the automatic control of their energy reflectivity and transparency and the useful application of such liquid crystals making it easier for appropriate space cooling system. This effect is used by new man-made glasses that can grow dark in bright solar light.  

   The most important problem of the AB-Levitron is the stability of the top ring. The top ring is in equilibrium, but it is out of balance when it is not parallel to the ground ring. Author proposes to suspend a load (satellite, space station, equipment, etc) lower than this ring plate. In this case, a center of gravity is lower a net lift force and the system then becomes stable.
  For mobile vehicles the AB-Levitron can have a running-wave of magnetic intensity which can move the vehicle (produce electric current), making it significantly mobile in the traveling medium.

   General conclusion. Current technology can build the high altitude and space towers (masts). We can start an inflatable or steel tower having the height 3 km. This tower is very useful (profitable) for communication, tourism and military. The inflatable tower is significantly cheaper (in ten times) than a steel tower, but it is having a lower life time (up 30-50 years) in comparison to the steel tower having the life times 100 – 200 years. The new advance materials can change this ratio and will make very profitable future high altitude towers. 

                                         Description of Innovations and Problems 
New type of magnetic tower (magnetic AB-column)


   Description of Innovations. The proposed suspended magnetic structure (tower) is shown in fig. 1. That includes the long vertical loop from electric wire 1 and electric source 6 and connection 15 between the vertical wires. The electric current 2 produces the magnetic field 3 (magnetic column), the magnetic field creates the vertical 4 and horizontal 5 forces. These forces balance the film (or fiber) connection 15. Vertical force 4 supports the useful load at top of the tower and tower construction (wires and film connection).

  This design is used in a rail gun [Bolonkin, 2009a] but author made many innovations that allow applying this idea to this new application as the magnetic tower and space climber. Some of them are listed following:

  1) The main innovation is a top loop 11 (right angle spool) which increases the number of horizontal wires 12, magnetic intensity in area 17 and lift force 16. We can make a lot of loops up to some thousands and increase the lift force by thousands of times. For a given lift force we can decrease the required current in many times and decreases the mass of source wire 2. That does not necessarily mean that we decrease the required electric power because the new installation needs a higher voltage. That innovation is very useful also for a space electric climber. The climber engine becomes very simple (horizontal wire or loops). The innovation increases the lift force and decreases sparking (this effect is a very big problem in a rail gun). 
  The proposed construction creates the MAGNETIC COLUMN 3a that produces a lift force some thousands of times more than a conventional rail gun.    
  2) The second important innovation is the multi-stage electric loops for the high altitude magnetic tower (for example, a geosynchronous tower)(Fig. 1b). 

  3) The magnetic towers require superconductive wire, because they need strong electric current (very high specific electric density and conductivity). When we use the superconductive wire, the tower does not need in permanent energy, except in building time and the climber in lifting mode. The climber and construction produces (returns) the energy in descent mode. 

Fig.1. Principal sketch of the AB-magnetic tower. Notations: (a) One stage magnetic column (tower), (b) – Multi-stage magnetic tower, (c) – building (unreeling) of magnetic tower, (d) – stability of magnetic column, (e) – top part of magnetic tower;  1 – magnetic installation with magnetic column,   2 – vertical wire and direction of electric current i, 2a – horizontal wire (jumper) and direction of electric current i, 3 – magnetic field from vertical electric wire, 3a – magnetic column, 4 – magnetic force from horizontal electric wire (jumper), 5 – magnetic force from vertical electric wire, 6 – electric source, 7 – intermediate stage of magnetic column, 8 – tower in roll, 9 – cooling of wire (heat protection) in Earth’s atmosphere, 10 – tower braces of magnetic tower in Earth’s atmosphere (for better stability), 11 – wire multi-loop spool at top and middle  stage or climber (same spool located also on Earth surface), 12 – lower wire of loop (spool), 13 – top wire of loop (spool), 14 – magnetic field from vertical wire, 15 – thin film (it may be transparent) or artificial fiber connected the vertical wire for compensation the magnetic repulse force, 16 – repulse magnetic force, 17 – area strong magnetic field, i – jumper (horizontal) current, ni – spool current, I – current in vertical wire.         


   Quadratic magnetic column. The quadratic four wire magnetic column (Fig.2) is more efficient, stable, safe, reliable and controlled than two wire magnetic column Fig.1. It can curve by remote control (by changing current in vertical wires). It is important for high altitude and geosynchronous satellites because there is a lot of debris in near Earth outer space. The wire of magnetic column must be protected from damage by space debris. 
      
   Cooling system of superconductive wire. The current superconductive conductor does not spend electric energy and can work for a long time period, but it requires an integral cooling system because the current superconductive materials have the critical temperature of about 100 -180 K (see Table #1 below). The wire located into Earth’s atmosphere (up 70 – 100 km) needs cooling.

                     Fig. 2. AB-structure suspended by the almost invisible magnetic columns. 

  However, the present computational methods of heat rejection are well developed (for example, by liquid nitrogen) and the weight and the induced expenses for cooling are small (fig.2) (see also Computation and Projects sections).
Fig.3. Cross-section of superconductive tube. Notations: 1 - strong tube (internal part used for cooling of ring, external part is used for superconductive layer; 2 - superconductive layer protected the insulator and heat protection; 3 - vacuum; 4 – heat impact reduction high-reflectivity screens (roll of thin bright aluminum foil); 5 - protection and heat insulation and high reflective layer, 6 – outer electric contact for control system and climber.
Fig.4. Methods of cooling (protection from Sun radiation) the superconductive wire in outer space. (a) Protection the wire by the super-reflectivity mirror [13]. (b) Protection by high-reflectivity screen (mirror) from impinging solar and planetary radiations. (c) Protection by usual multi-screens. (d) Protection by the liquid crystals multi-screens. These screens are transparence for internal radiation and reflect the strong external radiation.  Notations: 1 - superconductive wires (tube);  2 - heat protector (super-reflectivity mirror in Fig.4a and a usual mirror in Fig. 4c); 2, 3 – high-reflectivity mirrors (Fig. 4b); 4 - Sun; 5 -Sun radiation, 6 - Earth (planet); 7 - Earth's radiation; 8 – screen with liquid crystals.  

  The wire located in space does not need any conventional cooling—defense from Sun and Earth radiations are provided by high- reflective layer or high-reflectivity screens (fig.4). However, in last case they must have parts open to outer space for radiating of its heat and support the maintaining of low ambient temperatures. For variable direction of radiation, the mechanical screen defense system may be complex. However, there are thin high reflective layer [Bolonkin, 2006e] Ch. 13, 3A or layer from liquid crystals that permits the automatic control of their reflectivity and transparency. The liquid crystals may be used for the space cooling system. This effect is used by new man-made glasses which grow dark in bright solar light.  
 Superconductive materials.

   There are hundreds of new superconductive materials (type 2) having critical temperature 70 ( 120 K and more. Some of the superconductable materials are presented in Table 1 (2001). The widely used YBa2Cu3O7 has mass density 7 g/cm3.
Table 1. Transition temperature Tc and upper critical field B = Hc2(0) of some examined superconductors [AIR, 2003], p. 752.

 The last decisions are: Critical temperature is 176 K, up to 183 K. Nanotube has critical temperature of 12 ‑ 15 K,

  Some organic matters have a temperature of up to 15 K. Polypropylene, for example, is normally an insulator. In 1985, however, researchers at the Russian Academy of Sciences discovered that as an oxidized thin-film, polypropylene have a conductivity 105 to 106 that is higher than the best refined metals. 
  Boiling temperature of liquid nitrogen is 77.3 K, air 81 K, oxygen 90.2 K, hydrogen 20.4 K, helium 4.2 K [AIR, 2003]. Specific density of liquid air is 920 kg/m3, nitrogen 804 kg/m3; evaporation heat is liquid air is 213 kJ/kg, nitrogen 199 kJ/kg [Kikoin,1976].

  Unfortunately, most superconductive material is not strong and needs a strong covering for structural support.

  Building of Magnetic Towers. Building of magnetic tower is simple. Construction of magnetic tower is a thin film which has the superconductive wires in side edges. The wires connect to electric source and the roll is unreeled in the top direction.

 Other problems.
  Control system. The control resistances 18 (fig.1b) located in a jumper connection can change the current i and control of the magnetic column lift force and bending moment. 
  Stability. If lower surface of magnetic column is horizontal, the vertical magnetic column has a automatic restored moment for any deflection from vertical. The control also can produce a bending                                
moment. The construction can have the guy lines (fig.1d).

     Reliability. The superconductive wires don’t need an electric source. They need only cooling (liquid nitrogen). The magnetic columns have a lot of separated wires. In a case of damage some of them the control system automatically turns on the other wires or passes the current to nearest wires.
  The small high altitude construction (motionless satellites) can have a parachute for landing.  

   Invisibility of magnetic columns. The magnetic field invisible, transparent film or fiber, or the vertical thin wires (3 -10 mm) are almost invisible from distance 30 – 100 m and AB-structures will look like bodies suspended in air.  This is technically impressive but aircraft warning systems (lights) may be necessary.

 Advantages. The offer suspended magnetic structures (towers) has big advantages in comparison with other space towers [Krinker]. We compare it with the most popular idea of Space Elevator [Bolonkin, 2006d] Chapter 1:
1. Space Elevator is not impossible at present time (2010) for the following reasons:
    a) No industry production of the very strong and cheap cable material (nanotubes). Nanotubes are
        very expensive (about $1000 - $ 10,000/kg) and are produced in experimental quantities. The 
        space  elevator needs thousands of tons of  cheap nanotubes.
    b) Delivery of nanotubes and hundreds tons of equalizer (counterweight) in geosynchronous orbit 
        are very expensive (about $10,000 – 100,000/kg).
   c) No climber currently exists which can get energy in a long distance (thousands km) and lifts 
       quickly along  the cable. 
   d) Space Elevator costs tens of billions of the USA dollars.


2. The offer magnetic tower has following advantages:
    a) That can be built from cheap ($3 – 8/kg) artificial fiber (composite material). Application of
        a strong material is useful, but not necessary.
    b) No need to fly in space in building period. All works are made on Earth’s surface. The building
        is very simple (unreeling the roll).
     c) The climber gets energy from the superconductive cable, it can lift a big load (climber is 
        supported by a self-magnetic column) at any distance and can develop a high speed (particularly 
        once clear of atmosphere)
     d) Magnetic tower can have any height and beused in a construction mode for other macro-
        projects.
     e) Cost of geosynchronous magnetic tower is about only one billion dollars.
     f) Magnetic tower may be built with current technology.

  Application and further development. Idea of the magnetic AB-column may be applied to a railgun, to a space launch, to the suspending of houses, buildings, towns, multi-floor cities, to a small flying city-state located over ocean in the international water, (avoiding some of the liabilities of sea-surface communities during storms) to levitating space stations, to communication masts and towers. The may be easily tested in small cheap magnetic constructions for simple projects, on a small scale. 


Theory of Magnetic Towers

 Magnetic force acting on horizontal wire. Proof of magnetic force equation. We use only the well-known physics laws (magnetic force on the electric conductor located into magnetic field):
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The force from two vertical wires is
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where F is magnetic force, N; n is number of wire loops at horizontal connection of one stage or climber (fig.1, #11)(in proposed spool), it may be some thousands; μ0 = 4π∙10-7 – magnetic constant, H/m; d is distance between centers of vertical wire, m; a is radius of wire or thickness of a conductive layer, m; b ≈ 5 – 10; i is electric current in the vertical and single horizontal wire, A; H is magnetic intensity in V/m, B is in T; l is distance, m.
  The magnetic field acts only on the lower horizontal part of the right-angled spool because the top horizontal part is far from vertical support wire (at top of installation). If spool is located between the vertical wire, the horizontal current  i =I – (I - i) equals  the difference of the top and lower parts of the vertical wire separated by point 18 of the connection horizontal wire (jumper) (see Fig. 1b). 
  The equation (2) without the spool (n = 1) is the well-known equation for the rail gun. The proposed innovation (the right-angled spool) increases the force by n times but simultaneously increases the required voltage also by n times if the installation changes its size (for example, altitude) or climber moves.  
  The spool also creates a strong magnetic field but this field acts only on the spool and produces tensile stress into the spool. It easy is compensated for by film, fiber or composed material.       
  Example: for i = 104 A, n = 103, b = 10 the force is F = 4·105 N = 40 tons. If  i = 2·104 A, the F = 160 tons. If i = 105 A, the F = 4000 tons. Approximately that is the weight of a structure which can be suspended over Earth surface.
  The motionless installation using  superconductive wires doesn’t need maintenance (hovering) energy.  If installation is lifting or jumper (climber) is moving, the jumper requires input energy (electric voltage). This voltage and power are computed as below:
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where V is speed of climber or a top jumper of installation, m/s. See the example in point 10 (Climber Power). The spent energy is returned when the installation decreases its altitude or climber descents. 
  For given force F the required current is 
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  Example: For F = 3000 N, n = 103, b = 10 the  i = 8.7·102 A.  

 Repulse force between the vertical wires. This force F1 for wire length of 1 m is
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Example: for i = 104 A, d = 2 m,  the force is F1 = 103 N/m = 100 kgf/m. 

 Massa of film (or fiber) for balance the repulse force of wire in length 1 m:
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     Where F2 is film (fiber) balance force for length 1 m, N/m; γ is specific mass of film (fiber), kg/m3; σ is the safety tensile stress of a film (fiber), N/m2; δ is thickness of film, m; mf  is mass of film (fiber), kg/m.
 Example: for the current cheap artificial fiber γ = 1800 kg/m3, σ = 2·109 N/m2 (σ = 200 kgf/mm2) (see Table 3), i = 104 A  the mass mf = 1.8·10-5 kg/m. That is only 2 kg on 100 km of tower height.       

 Mass of wire. Mass of two 1 m vertical electric wire is
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where mw is mass of two electric wire of 1 m length, kg/m; γw is specific mass of wire kg/m3; s is cross-section area of wire, m2; j is density of the electric current, A/m2.  

        Example: for superconductive wire j = 1012 A/m2 ,  γw ≈ 104  kg/m3 , i = 104 A  the liner mass of superconductive wire is mw = 2∙10-4 kg/m or 20 kg on 100 km of a tower height, s = 10-2 mm2.           

 Mass of an electric coil. The mass of the electric spool (loops) mc is 
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Example: for n = 1000, d = 1 m, γw ≈ 104  kg/m3 , s = 10-8 m2   the mass one spool is 0.3 kg. 

 Linear support mass. That is mass of two vertical cable, cooling system, control system, etc.
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where q is linear support mass for height 1 m, kg/m; H is tower (or tower stage) height, m.      
[image: image10.wmf]      

      Example: for q = 0.05 kg/m and H = 105 m = 100 km the supported mass is 5 tons. That is mass of cooling system by liquid nitrogen. We need it only in altitude 70 – 100 km. Over this altitude no conventional heat transfer is required and a cooling super reflective layer has q ≈ 0.002 kg/m or 200 kg on 100 km.

Weight of parts of the installation at different altitude. The weight (and needed support force) of the installation parts is different on different altitude because the gravity acceleration is different and Earth is rotating. This force Fw  [N] is computed by equation:
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where m is mass of installation part, kg; go = 9.81 m/s2 is Earth’s acceleration; R0 = 6378 km = 6.378∙106 m  is Earth radius, m; R = R0 + H is radius at the located part, m; ω =  72.685·10-6 rad/sec is Earth angle speed, 1/s; g is Earth gravity (include Earth rotation) at the given altitude, m/s2. Geosynchronous orbit is Rg = 42200 km. At altitude H = 0 the Fw ≈ mgo ,
at altitude H = Rg – R0 the Fw ≈ 0.

The force required for supporting and accelerating of climber computes by Eqs. (2),(10) and below:
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where aa is climber acceleration, m/s2. Very important fact: the proposed electric climber supports by SELF-magnetic levitation and does transfer its weight and acceleration force to the magnetic tower. That means the climber can have big mass and big acceleration. Climber gets energy from electric wire and its’ power does not depend from altitude. Moreover, the climber produces (returns) the energy when one descends to Earth.
  Example: for climber having mass m = 10,000 kg and an acceleration g = go the force (11) is Fc = 2∙105 N and required an electric current i = 5·103 A  (Eq. (4) for n = 1000, b = 10). 

Trip time. Trip time t [s] equals (include braking) with constant acceleration and braking:
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Here Vmax is maximal speed, m/s; H is altitude, m.
Example: for H = 100 km, aa = 10 m/s2 the trip time is t = 200 sec, Vmax = 103 m/s; for H = 37,000 km (geosynchronous orbit), the t ≈ 3 hours 20 min, Vmax =6.1·104 m/s. 

Climber power. Required climber voltage and power computed by equations
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where U is voltage, V; V is climber speed, m/s; P is power, W. The rest nomenclature is same Eq. (2).            
  Example:  For mass of climber m = 10 tons, the electric current i = 5·103 A, n = 1000, b = 10, maximal velocity Vmax = 103 m/s the maximum voltage is Umax  = 2∙104 V; maximal electric power is Pmax = = 108 W.  From other side P = FV= 105·103=108 W. 

The minimal energy is needed for building (unrolling) of the magnetic tower. Inductance Li and energy E of a tower magnetic field are 
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where H is tower height, m. The rest nomenclature is same with Eq. (2).
Example: For I = 104 A, b = 10,  H = 100 km, the Li = 0.66 H, Ei = 3.3∙107  J. For H = 37,000 km the Li = 244 H, Ei = 1.22∙1010  J. This energy will be returned in re-rolling of magnetic tower (lowering it, for example for maintenance or during bad meteor storms, close asteroid flybys, space junk intersect alerts)

Magnetic intensity in vertical wire and spool and magnetic pressure. Magnetic intensity in vertical wire Bw and in spool Bs are computed (estimated) by equations:
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where rw is radios of wire (or tube is outer/inside covered by superconductive layer).m; rs is radios of spool, m.
Example: For I = 104 A and tube (wire) rw = 0.001 m the Bw ≈ 2  T; for spool rs = 1 m, I = 103 A and number of coil revolution n = 1000 the Bs = 2π = 6.28 T. Both values are less 100 – 250 T safety for superconductive conductor (see Table 1).
  The specific magnetic pressure in the wire and spool are
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      Here p is pressure, N/m2, (outer for wire and inside for spool); B is  Bw  or  Bs respectively.
   Example: For I = 104 A, tube rw = 0.01 m and Bw ≈ 0.2 T the p = 1.5∙104 N/m2 = 0.15 atm;  for spool rs = 1 m, number of coil revolution n = 1000, Bs = 2π = 6.28 T the p = 3.14∙105 N/m2 = 3.14 atm. 

Computation of the cooling system. The following equations allow direct computation of the proposed macro-project cooling systems:
1) Equation of heat balance of a body in vacuum (space)






[image: image19.wmf]2

4

1

100

s

T

C

qs

a

S

÷

ø

ö

ç

è

æ

=

e

z

,





(17)

   where ( =1 ( ( is absorption coefficient of outer radiation, ( is reflection coefficient; q is heat flow, W/m2 (from Sun at Earth’s orbit q = 1400 W/m2, from Earth q ( 440 W/m2); s1 is area under outer radiation, m2; Cs = 5.67  W/m2K is heat coefficient; (a ( 0.02 ( 0.98 is blackness coefficient; T is body temperature, K; s2 is area of body or screen, m2.

     Example 1: For good conventional reflective mirror having (= 0.05, (a ( 1, s2 = 2 s1 the temperature of body under the solar radiation q = 1400 W/m2  is T = 158 K, under Earth radiation q ( 440 W/m2 the T = 118 K. But if we use the special high reflective mirror (cover) proposed by author in [Bolonkin, 2006h] Ch. 12 and Ch. 3 in Attn. and having (= 10-6, (a ( 1, s2 = 2 s1 , the temperature of body (vertical wire) in space (vacuum) under the solar radiation q = 1400 W/m2  is only T = 10.5 K. That is more than enough for the superconductive wire. 

  2) Radiation heat flow q [W/m2] between two parallel screens 
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         where the lower index 1, 2 shows (at T and () the number of screens; Ca is coerced coefficient of heat transfer between two screens. For bright aluminum foil ( = 0.04 ( 0.06. For foil covered by thin bright layer of silver ( = 0.02 ( 0.03.

             The total amount of the heat flows Q [J/s] across the cylindrical surface is 
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where F2 is area of the outer cylinder, m2; F1 is area of internal cylinder, m2.
When we use a vacuum and row (n) of the thin screens, the heat flow is 
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where qn is heat flow to protected wire, W/m2; 
[image: image23.wmf]'

a

C

is coerced coefficient of heat transfer between wire and the nearest screen, Ca is coerced coefficient of heat transfer between two near by screens; n is number of additional screen (revolutions of vacuumed thin foil around central superconductive wire).

      
 Example 1: for 
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, n = 1, ( = 0.05, T1 = 298 K (15 C, average Earth temperature), T2 = 77.3 K (liquid nitrogen) we have the qn = 5.7 W/m2.
  Expense of cooling liquid and power for converting back the vapor into cooling liquid are 
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where mc is vapor mass of cooling liquid, kg/m2.sec; Mc is total mass of cooling liquid in time t [s], J; ( is evaporation heat, J/kg (see Table 2). 
  The 100 km atmospheric part of tower (Example above) requires approximately 4 tons of liquid nitrogen in  one day. If we take more additional screens (n > 1), the required cooling is decreased. 

3) When we use the conventional heat protection, the heat flow is computed by equations
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     where k is heat transmission coefficient, W/m2K; ( - heat conductivity coefficient, W/m.K. For air ( = 0.0244, for glass-wool ( = 0.037; ( - thickness of heat protection, m.

    The vacuum screening is strong efficiency and light (mass) than the conventional cooling protection.

Table 2. Boiling temperature and heat of evaporation of some relevant liquids [Koshkin], p.68; [Kikoin] p.57.

  These data are sufficient for a quick computation of the cooling systems characteristics.

  Using the correct design of multi-screens, high-reflectivity mirror or the solar and planetary energy screen, and assuming a hard outer space vacuum between screens, we get a very small heat flow and a very small expenditure for refrigerant (some gram/m2 per day in Earth). In outer space the protected body can have low temperature without special liquid cooling system (Fig.3).

        For example, the space body (Fig. 4a) with innovative prism reflector [Bolonkin, 2006h] Ch. 3A (( = 10(6, (a = 0.9) will have temperature about 12 K in outer space. The protection Fig.3b gives more low temperature. The usual multi-screen protection of Fig. 4c gives the temperature: the first screen  - 160 K, the second – 75 K, the third – 35 K, the fourth – 16 K.

Cable material. Let us consider the following experimental and industrial fibers, whiskers,

     and nanotubes:

1.  Experimental nanotubes CNT (carbon nanotubes) have a tensile strength of 200 Giga-Pascals (20,000 kg/mm2). Theoretical limit of nanotubes is 30,000 kg/mm2. Young’s modulus exceeds a Tera Pascal, specific density (  = 1800 kg/m3 (1.8 g/cc) (year 2000).

        For safety factor n = 2.4, ( = 8300 kg/mm2 = 8.3×1010 N/m2, ( =1800 kg/m3, ((/()=46×106. The SWNTs nanotubes have a density of 0.8 g/cm3, and MWNTs have a density of 1.8 g/cm3 (average 1.34 g/cm3). Unfortunately, even in 2010 CE, nanotubes are very expensive to manufacture. 

2.  For whiskers CD (  = 8000 kg/mm2, (  = 3500 kg/m3 (1989) [Calasso, p. 33]. Cost about $400/kg (2001).

3.  For industrial fibers ( = 500 – 600 kg/mm2, (  = 1800 kg/m3, (((  = 2,78×106. Cost about 2 – 5 $/kg (2003).

Relevant statistics for some other experimental whiskers and industrial fibers are given in Table 3 below.

                                     Table 3. Tensile strength and density of whiskers and fibers
                                    See Reference [Bolonkin, 2006h] p. 33.

Balancing of wire by voltage. If top station or climber spends energy, the vertical wire has voltage. That means they have the different linear electric charges and attract one to other. Let us find the required voltage between them and consumed power.
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      where R3 is a repel magnetic force, N/m; F4 is an attractive electrostatic force, N/m; τ is a linear electric charge, C/m; εo = 8.85∙10–12 is electrostatic constant, F/m; I is electric current in vertical wire, A.     
   For equilibrium the voltage U between the vertical wires and consumed power P must be
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   Example: For I = 103 A, b = 3  the U = 1.8·105 V  and  P = 1.8·105 kW. That value is big and this method of compensation is less suitable. 

Projects

  The most suitable computation for the proposed projects is made in Examples in Theoretical section.
That way muc data it is given without detailed explanation. Our design is not optimal but merely for estimation of the main data. 

   Note about using conventional conductors. The magnetic AB-column requires the high density electric current (about 104 – 106 A/mm2) and very low electric resistance. This condition is satisfied  only by  superconductive wire at the present time. In other cases (with non-superconductive wire) the lift force is less than the wire and AB-spool weight and construction spends very much energy. Unfortunately, the current superconductive material requires a low temperature. Their cooling is made by cheap liquid nitrogen. However the conventional conductor may be used for modeling, research and testing the suspended (levitated)  constructions in the development period before a ‘flight article’ is ready.                                      

  Motionless 100 km Suspended Magnetic AB-satellite (AB-Magnetic Tower)

                                            (one-stage two wire magnetic tower) 
    Lift Force and repulsive force. For I = 104 A, n = 103, b = 10 the lift force is F = 4·105 N = 40 tons (Eq. (5)). If I = 2∙104 A, the lift force will be 160 tons. For d = 2 m, the repulse force between the vertical wire is F3 = 10 N/m = 1 kgf/m (Eq. (5)).
   Mass of film. For the current cheap artificial fiber having γ = 1800 kg/m3, safety σ = 2·109 N/m2 (σ = 200 kgf/mm2) (see Table 3), I = 104 A the film (horizontal fiber) mass mf ≈ 2·10-5 kg/m (Eq. (6)). That is only 2 kg for 100 km of tower height.       
   For superconductive wire having safety electric current density j = 1012 A/m2 ,  γw ≈ 104  kg/m3 , I = 104   a  the liner mass of superconductive wire is mw = 2∙10-4 kg/m or 20 kg for  100 km of a tower height, cross section wire area is s = 10-2 mm2 (Eq.7)) For n = 1000, d = 1 m, γw ≈ 104  kg/m3 , s = 10-8 m2   the mass one spool is 0.3 kg (Eq.(8)).   
   For specific linear density of double support and cooling cables q = 0.05 kg/m and H = 105 m = 100 km the support mass is 5 tons. This mass includes the tube cooling system by nitrogen (nitrogen does not need support). We need cooling tubes only until the altitude 70 – 100 km. Over this altitude no conventional (to air) heat transfer practically occurs and the cooling super reflective layer has q ≈ 0.002 kg/m or 200 kg per 100 km.
   Climber. For climber having mass m = 10,000 kg and an acceleration g = go   (1 G vertical) the force (11) is Fc = 2∙105 N and requires an electric current i = 5·103 A  (Eq. (2) for n = 1000, b = 10). For altitude H = 100 km, acceleration aa = 10 m/s2 the trip time is t = 200 sec, Vmax = 103 m/s. For mass of climber m = 10 tons, the electric current i = 5·103 A, n = 1000, b = 10, maximal velocity Vmax = 103 m/s the maximum voltage is Emax  = 2∙104 V; maximal electric power is Nmax = 108 W.  This power drain may be greatly reduced by accepting less rocket like accelerations, at the expense of less throughput and longer transit times. It is noteworthy, however, that by using high G forces at less than geostationary heights, in effect we have a ‘mass driver’ of the G.K. O’Neill sort, that can send (for example) lunar landers to escape velocity, and then slow down the ‘bucket’ (climber) for recovery and relaunch.  This is one way to support a massive space program. 

  Minimal energy is needed for building (unrolling) of the magnetic tower. For I = 104 A, b = 10,  H = 100 km, the inductance is Li = 0.66 H, and the required energy is Ei = 3.3∙107  J (Eq. (14)).
  Cooling consumption for support of the superconductive wire in lower (up 100 km) atmospheric part of magnetic tower is about 2 – 4 tons of liquid nitrogen in one day.
  Summary. As you see the suggested 100 km magnetic tower (suspended or levitated space station) can keep 34 tons (and in beefed up versions up to 155 tons and more) useful load and has mass of 5022 kg. If this 100 km section is located in vacuum space (over altitude 100 km) it does not need active cooling and has mass of only 222 kg.


                           Geosynchronous Magnetic AB-Satellite (AB-Tower)

                                                      (multi-stage, two fires tower)

   In my opinion the geosynchronous tower must be multi-staged for current material. When we will get the cheap nanotubes and room temperature superconductor we can build the one-stage high altitude magnetic tower.          

  For estimation the data we assume that one stage has length 100 km. That means the geosynchronous 37000 km tower will has 370 stages. The 100 km stage is not optimal but that allows using the previous computation and data. It is very important that every stage is held by its SELF (its, inherent) magnetic column and doesn’t press on lower stage. If stage has enough safety coefficient (>2) that can hold the lower stage when it will be out of order or damaged. The stages do not hold the space climber because the space climber is supported by its magnetic column. The top stage located on geosynchronous orbit can hold a big useful mass because this mass has zero weight at GEO (and extending beyond GEO, useful tension may be added to the tower as a whole, lowering the weight of many stages far toward the ground within the limits of current material strengths.)  Thus the payloads can be far bigger, over time, than a simple linear calculation might suggest.
  In previous computation we compute that the atmospheric stage has mass mo = 5022 kg and space stage has mi = 222 kg. Let us take for reliability mo = 6000 kg and mi = 300 kg then total mass of the geosynchronous magnetic tower will be M = mo + ∑ mi = 16800 kg.       

  The required electric current in every stage is ii = 870 A (see example in Eq. (2)), the maximal electric current is about J = ∑ ii ≈ 370·8.7·102 ≈ 3.3·104 A.      

Conclusion

  The research shows that inexpensive levitated magnetic AB-Structures (include LEO motionless and geosynchronous satellites) can be built by the current technology. This significantly (by a thousand times) decreases the cost of space launches. The offered magnetic space tower is a thousand times cheaper than the well-known cable space elevator. NASA is spending for research of space elevator hundreds of millions of dollars. A small part of this sum is enough for R&D of the magnetic tower and make a working model. 

  The proposed innovation (upper electric AB-spool) allows also solving the problem of the conventional railgun (having projectile speed is 3 -5 km/s). The current conventional railgun uses a very high ampere electric current (millions A) and low voltage. As the result the rails burn. The temporary cooled superconductive AB-spool allows decreases the required electric current by thousands of times (simultaneously the required voltage is increased by the same factor). The damage of rails is decreased.
  The same idea may be used in space railgun [Calasso] and space magnetic AB-Launcher without rails, in the suspended structures for communication and so on.  The magnetic column may be applied to the suspending houses, buildings, towns, multi-floor cities, to a small state located over ocean in international waters, to the motionless (geostationary or levitating) space stations, to the communication masts and towers. The may be easily tested in small cheap magnetic prototypes with easily available materials on the ground before building  the actual article with superconductors .  And the entire assembly can be built on Earth, unlike ‘conventional’ space elevators, for much cheaper deployment.

   The climber’s power drain may be greatly reduced by accepting less rocket like accelerations, at the expense of less throughput and longer transit times. It is noteworthy, however, that by using high G forces at less than geostationary heights, that can send (for example) lunar landers  or planetary probes to escape velocity, and then slow down the ‘bucket’ (climber) for recovery and relaunch.  This is one way to support a massive space program.
  The reader can recalculate the levitated installations for his own scenarios. See also [Bolonkin, 2002-2010]. .
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Fig.1. Principal sketch of the AB-magnetic tower. Notations: (a) One stage magnetic column (tower), (b) – Multi-stage magnetic tower, (c) – building (unreeling) of magnetic tower, (d) – stability of magnetic column, (e) – top part of magnetic tower;  1 – magnetic installation with magnetic column,   2 – vertical wire and direction of electric current i, 2a – horizontal wire (jumper) and direction of electric current i, 3 – magnetic field from vertical electric wire, 3a – magnetic column, 4 – magnetic force from horizontal electric wire (jumper), 5 – magnetic force from vertical electric wire, 6 – electric source, 7 – intermediate stage of magnetic column, 8 – tower in roll, 9 – cooling of wire (heat protection) in Earth’s atmosphere, 10 – tower braces of magnetic tower in Earth’s atmosphere (for better stability), 11 – wire multi-loop spool at top and middle  stage or climber (same spool located also on Earth surface), 12 – lower wire of loop (spool), 13 – top wire of loop (spool), 14 – magnetic field from vertical wire, 15 – thin film (it may be transparent) or artificial fiber connected the vertical wire for compensation the magnetic repulse force, 16 – repulse magnetic force, 17 – area strong magnetic field, i – jumper (horizontal) current, ni – spool current, I – current in vertical wire.         

Fig. 2. AB-structure suspended by the almost invisible magnetic columns. 

Fig.3. Cross-section of superconductive tube. Notations: 1 - strong tube (internal part used for cooling of ring, external part is used for superconductive layer; 2 - superconductive layer protected the insulator and heat protection; 3 - vacuum; 4 – heat impact reduction high-reflectivity screens (roll of thin bright aluminum foil); 5 - protection and heat insulation and high reflective layer, 6 – outer electric contact for control system and climber.

Fig.4. Methods of cooling (protection from Sun radiation) the superconductive wire in outer space. (a) Protection the wire by the super-reflectivity mirror. (b) Protection by high-reflectivity screen (mirror) from impinging solar and planetary radiations. (c) Protection by usual multi-screens. (d) Protection by the liquid crystals multi-screens. These screens are transparence for internal radiation and reflect the strong external radiation.  Notations: 1 - superconductive wires (tube);  2 - heat protector (super-reflectivity mirror in Fig.4a and a usual mirror in Fig. 4c); 2, 3 – high-reflectivity mirrors (Fig. 4b); 4 - Sun; 5 -Sun radiation, 6 - Earth (planet); 7 - Earth's radiation; 8 – screen with liquid crystals.  

Table 1. Transition temperature Tc and upper critical field B = Hc2(0) of some examined superconductors [AIR], p. 752.

	    Crystal
	Tc (K)
	Hc2 (T)

	La 2-xSrxCuO4
	38
	(80

	YBa2Cu3O7
	92
	(150

	Bi2Sr2Ca2Cu3O10
	110
	(250

	TlBa2Ca2Cu3O9
	110
	(100

	Tl2Ba2Ca2Cu3O10
	125
	(150

	HgBa2Ca2Cu3O8
	133
	(150


Table 2. Boiling temperature and heat of evaporation of some relevant liquids [Koshkin], p.68; [Kikoin] p.57.

	Liquid
	Boilng temperature, K
	Heat varoparation, (  kJ/kg
	Specific 
density,
kg/m3

	Hydrogen
	 20.4
	472
	  67.2

	Nitrogen
	 77.3
	197.5
	 804.3

	Air
	 81
	217
	 980

	Oxygen
	 90.2
	213.7
	1140

	Carbonic acid 
	194.7
	375
	1190


                                     Table 3. Tensile strength and density of whiskers and fibers
	Material

Whiskers
	Tensile

strength

kg/mm2
	Density

g/cm3
	Fibers
	Tensile

strength

kg/mm2
	Density

g/cm3

	AlB12
	2650
	2.6
	QC-8805
	620
	1.95

	B
	2500
	2.3
	TM9
	600
	1.79

	B4C
	2800
	2.5
	Thorael
	565
	1.81

	TiB2
	3370
	4.5
	Alien 1
	580
	1.56

	SiC
	2100-4140
	3.22
	Alien 2
	300
	0.97

	Al  oxide
	2800-4200
	3.96
	Kevlar
	362
	1.44


                                    See Reference [Bolonkin, 2006h] p. 33.
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