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Here we show how to produce thrusts of the order of 100kN or more, starting from sets of 
micro-tubes (  filled with air at low pressure, subjected to gravity)cmdiameter 1<< g , and a 
strong magnetic field H . Under these conditions, these micro-tubes work as micro-thrusters, 
where the thrust is produced starting from the local potential gravitational energy.   
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INTRODUCTION 
 
          In this paper we will show that micro-tubes 

 filled with air at low 
pressure, subjected to gravity , and a  strong 
magnetic field 

( cmdiameter 1<< )
gr

H , can works as micro-thrusters, 
where the thrust is produced starting from the 
local potential gravitational energy. In this 
context, it is also shown that sets of these micro-
thrusters can produce thrust of the order of 100kN 
or more.   
 
THEORY 
 
          In a previous paper [1] we shown that 
there is a correlation between the gravitational 
mass, , and the rest inertial mass , which 
is given by 
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where  is the variation in the particle’s kinetic 
momentum;  is the electromagnetic energy 
absorbed or emitted by the particle;  is the 
index of refraction of the particle; W  is the 
density of energy on the particle ;

pΔ
U

rn

( )kgJ / ρ  is 
the matter density ( )3mkg  and c  is the speed 
of light.  
          The instantaneous values of the density of 
electromagnetic energy in an electromagnetic 
field can be deduced from Maxwell’s equations 
and has the following expression  
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where tEE m ωsin= and tHH ωsin=  are the 
instantaneous values of the electric field and the 
magnetic field respectively. 
       It is known that HB μ= , rkBE ω=  [2] and 
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where    is     the    real part of the propagation 

vector 
rk
k
r

 (also called phase constant); 

ir ikkkk +==
r

 ; ε , μ and σ,    are the 

electromagnetic characteristics of the medium in 
which  the  incident  (or emitted)  radiation  is 
propagating ( 0εεε r= ; ; mF /10854.8 12

0
−×=ε

0μμμ r=  where ; m/H7
0 104 −×= πμ σ  is the 

electrical conductivity in S/m). From Eq. (3), we 
see that the index of refraction  vcnr =   is 
given by 
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 Equation (3) shows that vr =κω . Thus, 
vkBE r == ω , i.e.,  

( )5HvvBE μ==
 Then, Eq. (2) can be rewritten as follows 
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For ωεσ >> , Eq. (3) gives 
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Substitution of Eqs. (6) and (5) into Eq. (1) gives 
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          Note that if tHH m ωsin= .Then, the 

average value for 2H  is equal to 2
2

1
mH  because 

H  varies sinusoidaly ( is the maximum 
value for

mH
H ). On the other hand, we 

have 2mrms HH = . Consequently, we can change 
4H  by , and the Eq. (8) can be rewritten as 

follows 

4
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          Now consider a metallic cylindrical tube 
(φ  internal diameter,  height and 0.2mm 
thick), 

φh
filled with air at low pressure and 

subjected to gravity, , and an oscillating 

magnetic field 

gr

rmsH
r

 with frequency . The 
metallic tube is inside a dielectric, and is 
electrically charged as shown in Fig.1. 

f

If 
cm1<<φ  then, the distances among these 

electric charges and the atoms of air inside the 
tube will be very smalls. Consequently, the 
electrical forces that will act on these atoms will 
be very strong, and will be sufficient to ionize the 
oxygen and nitrogen atoms of the air, increasing 
the electrical conductivity of the air inside the 
tube.  
  
 
                                  
 
                    
 
                             
                               
                                  
                              
                                                  
                                  
                                                                                   
                                      
            
                             
 
                     
                                    
 
Fig. – 1 Air Cylindrical tube (φ  diameter; φh  height). 
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          It is known that the electrical 
conductivity is proportional to both the 
concentration and the mobility of the ions 
and the free electrons, and is expressed by 
       

( )10iiee μρμρσ +=
 
where eρ  and iρ  express respectively the 
concentrations ( )3mC  of electrons and ions; 

eμ and iμ are respectively the mobilities of 
the electrons and the ions.  
          In order to calculate the electrical 
conductivity of the air inside the metallic 
tube, we first need to calculate the 
concentrations eρ  and iρ .  

          Since the number of atoms per , 
, is given by 
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s

s
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ρ
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where kmoleatomsN /1002214129.6 26
0 ×= , 

is the Avogadro’s number; sρ  is the matter 
density (in kg/m3) and sA  is the molar mass 
( 1−kmolekg . ). Then, for 34 .101 −−×== mkgairs ρρ  

( )Torr21062.6 −× , Eq. (11) gives 

( )( )

( )12/1015.2

0134.28
1011002214129.6

321

426
0

matoms

A
N

n
air

air
a

×=

=
××

≅=
−ρ

          Using techniques of the Statistical 
Mechanics we can calculate the most 
probable number of ions, , in the volume iN

φ
π φ hV 2
4=  of air cylindrical tube, by means 

of the following expression [3].  

( )13ii a
S
NN =

where  is the total number of 
atoms; is the area total of the box

21mnN a ×=

S ( )21m  
and is the area of the cell ia ( )φφh . Therefore, 
Eq. (13) can be rewritten as follows 
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For mm6.1=φ and cmh 12=φ , Eq.(14) yields 
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Obviously, the number of free electrons will 
be equal the number of ions, thus we can 
write that 

( )16101.4 17ionsNN ie ×==
Now, we can calculate the concentrations eρ  
and iρ  ( )3mC  of electrons and ions by 
means of the following expression 

( ) ( )17/107.2 35
2

4
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V

eNi
ie ×====

φ
π φ

ρρ

This corresponds to a strong concentration 
level in the case of conducting materials. For 
these materials, at temperature of 300K, the 
mobilities eμ  and iμ  vary from 10  up 
to  [112100 −− sVm 4]. Assuming that 

 (Geometric mean of 
mobility level for conducting materials), the 
electrical conductivity of the air inside the 
tube is given by 

11230 −−≅= sVmie μμ

( )( )

( )18.102

30107.22

17
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          The pressure, P
r

, exerted on the area φ , by 
of the air confined inside the tube, according to 
Eq.(1), is given by 

S
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hS
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S
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iig r
rrr
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Substitution of Eq.(9) into Eq. (19) gives 
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For, Hzf 2.0= , ,  Eq.(20) gives mSair /102 7×≅σ

[ ]{ } ( )211075.12 4282 ghHP airrmsairair
rr
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For 34 .101 −−×= mkgairρ ( )Torr21062.6 −× , and 

 mAHrms /1096.7 5×= ( )T1  , Eq. (21) gives 

( )220164.0 ghP rr
φ−=

          Note the sign (-) in Eq. (13). It indicates 
that, in this case, the pressure P

r
 acts on the 

contrary direction of the gravity . This means 
that the pressure will be exerted on the upper 
surface of the cylindrical tube (See Fig.1). Thus, 

the cylindrical tube works as a gravitational 
micro-thruster, producing a thrust , given by 

gr

F
( )230129.00164.0 2 ghgShSPF rrrr

φφφφ φ−=−==

         If cmh 12=φ .; mm6.1=φ  and 

, then the intensity of the force 2.81.9 −= smg F
r

 
is given by 

( )241089.3 8 NF −×=
          In the case of a plate with  
gravitational micro-thrusters, the Eq. (24) can be 
rewritten as follows 

φN

( )251089.3 8
φNFN

−×=

For example, if ( ) 313600560560 =×=φN , 
then Eq. (25) gives 
 

( )262.1102.10122.0 3 gfkgfNFN =×== −

 
Assuming that, the 313600 metallic cylindrical 
tubes (external diameter= mmmmex 0.24.0 =+=φφ  
and height = ) are distributed into a square 

dielectric plate with sides , 
φh

l according to the 
pattern shown in Fig.2, then we can write that 

52.2 φφ Nl ex=  (See Fig. 2). This means that 

the dielectric plate will have   
( )2710.1 ml =  
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Fig. 2 – Distribution of metallic cylindrical tubes  into a
dielectric  plate.  
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          Figure 3 shows an experimental set-up 
in order to check the total thrust produced by 
the dielectric plate, with  gravitational 
micro-thrusters, subjected to an oscillating 
magnetic field, given by 

φN
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iiyNH

4103

01.0300
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===
 

 

                                                       

                                                                                                                                             

 

                Total mass of the system (without coils) = Mtotal = 30.86 kg 

                                                             mmhHT 5+= φ  

Fig. 3 – Schematic Diagram of the dielectric plate, with φN
Gravitational Micro-Thrusters, on a balance, and inside a
magnetic field produced by two external coils.  

 Vacuum 
pump  
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                        (Filled with air at 66.2 m Torr) 
                 (Diameter mm6.1=φ ;  height cmhT 12= ; 

                       Air density 34 .101 −−×≅ mkgρ ) 

 Coil: 300 turns (in X , in order to reduce the effect of distributed  
          capacitance );    #  14 AWG 

hø 
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l

HT

Bottom cover 
  (1mm thick) 
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          The mass of one dielectric plate (High-
density polyethylene (HDPE), ), 3.970 −mkg
12.2cm thickness ( )mmhcm 22.12 += φ  (See Fig 
3), without the micro-thrusters is given by.  
 
            ( )( ) kgcmlmMg 19.1439702.122 ==             
 
The mass of one dielectric plate, 12.2cm 
thickness, with  cylindrical tubes, is given by  φN

     ( ) kghNmm exMgMg 51.28970 2
4 =−= φ
π

φφ φ  

          The mass of one dielectric plate, 2mm 
thickness (Bottom cover, see Fig.3), is  
         ( ) ( )( ) kgmmlm mmMg 35.297022

2 == .  
Thus, the total mass of the system is given by 
 

( ) kgmmM mmMgMgtotal 86.3035.251.282 =+=+= φ

 
Therefore, the balance (see Fig.3) can have the 
following characteristics: 
 

            
g

kgcapacityMaximum

1.0accuracy Measuring

35

 
          If the magnetic field is increased to 

 
rmsH

mA /1057.5 8× ( )T700  * ( ), 
then Eq. (21) gives 

34 .101 −−×= mkgρ

 
( )28/1066.9 23 mNP ×−=

 
Therefore, the thrust produced by one micro-
thruster (diameter 

φF
mm6.1=φ  and 

height cmh 12=φ ), is given by 
 

( )290194.02 NPrPSF === φφφ π
 
Consequently, the total thrust produced by the 
system (one plate) with 313600=φN  micro-
thrusters will be given by 
 

( )309.6090 NFNFN == φφφ

 
In practice, we can overlap several similar plates 
in order to increasing the total thrust. In this case, 
if the number of plates is , the result is platesN
 

( )31
φNplatestotal FNF =

 
For example, if number of overlapping plates 
(with 313600=φN  micro-thrusters) is 

27=platesN , then the total thrust produced by 
the stack of plates (~3.4cm total height) will 
be given by 
 

( )324.164 kNFtotal ≅

This thrust is of the order of the thrust of a 
fifth-generation jet fighter F-22 Raptor, 
which reaches 160,000N.  
                                           
* Recently, a magnetic field of 1200 T was generated 
by the electromagnetic flux-compression (EMFC) 
technique with a newly developed megagauss 
generator system [5].   
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)
          It is important to note that the vertical 
direction ( gr−  of the thrust produced by the 
plates can be turned of 90°, in order to 
produce horizontal displacements (See Fig.4 
and Fig.5). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                    
 

Fig. 4 - The vertical direction ( )gr−  of the thrust produced by a
plate, with φN  gravitational micro-thrusters, can be turned of 90°, in
order to produce horizontal displacements. 

g 
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Fx 

Gravitational Micro-Thrusters 

CG 

Air at low 
pressure 

 
 
 
  
 
 
                                            Fx 
 
                Fx                                         Fx 
 
 
 
 
 
 
 
 
      Plate, with φN  Gravitational Micro-Thrusters 

 
Fig. 5 – Horizontal displacement of Fx in several
directions, simply rotating the  plate with φN
Gravitational Micro-Thrusters 
.  
 
          Thus, gravitational micro-thrusters can 
be used to produce vertical or horizontal 

thrusts (in respect to ). It is easy to see 
that, due to the magnitude of the thrust 
produced by these systems and their 
versatility, they can be can be used to move 
several types of vehicles. 

gr
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Here we show how to produce thrusts of the order of 100kN or more, starting from sets of micro-tubes 
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          The instantaneous values of the density of electromagnetic energy in an electromagnetic field can be deduced from Maxwell’s equations and has the following expression 




[image: image18.wmf](


)


2


2


2


1


2


2


1


H


E


W


m


e


+


=


where 

[image: image19.wmf]t


E


E


m


w


sin


=


and 

[image: image20.wmf]t


H


H


w


sin


=


 are the instantaneous values of the electric field and the magnetic field respectively.


       It is known that

[image: image21.wmf]H


B


m


=


, 

[image: image22.wmf]r


k


B


E


w


=


 [2] and




[image: image23.wmf](


)


(


)


3


1


1


2


2


÷


ø


ö


ç


è


æ


+


+


=


=


=


we


s


m


e


k


w


r


r


r


c


dt


dz


v


where  

[image: image24.wmf]r


k


  is     the    real part of the propagation vector 

[image: image25.wmf]k


r


 (also called phase constant); 

[image: image26.wmf]i


r


ik


k


k


k


+


=


=


r


 ; ( , ( and (,    are the electromagnetic characteristics of the medium in which  the  incident  (or emitted)  radiation  is propagating (

[image: image27.wmf]0


e


e


e


r


=


; 

[image: image28.wmf]m


F


/


10


854


.


8


12


0


-


´


=


e


; 

[image: image29.wmf]0


m


m


m


r


=


 where 

[image: image30.wmf]m


/


H


7


0


10


4


-


´


=


p


m


; 

[image: image31.wmf]s


 is the electrical conductivity in S/m). From Eq. (3), we see that the index of refraction  

[image: image32.wmf]v


c


n


r


=


  is given by



[image: image33.wmf](


)


(


)


4


1


1


2


2


÷


ø


ö


ç


è


æ


+


+


=


=


we


s


m


e


r


r


r


v


c


n
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Substitution of Eqs. (6) and (5) into Eq. (1) gives
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          Now consider a metallic cylindrical tube (
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 then, the distances among these electric charges and the atoms of air inside the tube will be very smalls. Consequently, the electrical forces that will act on these atoms will be very strong, and will be sufficient to ionize the oxygen and nitrogen atoms of the air, increasing the electrical conductivity of the air inside the tube. 
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          It is known that the electrical conductivity is proportional to both the concentration and the mobility of the ions and the free electrons, and is expressed by
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          Using techniques of the Statistical Mechanics we can calculate the most probable number of ions,
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Obviously, the number of free electrons will be equal the number of ions, thus we can write that 
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Now, we can calculate the concentrations 
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This corresponds to a strong concentration level in the case of conducting materials. For these materials, at temperature of 300K, the mobilities 
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 (Geometric mean of mobility level for conducting materials), the electrical conductivity of the air inside the tube is given by
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          The pressure,
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Substitution of Eq.(9) into Eq. (19) gives



[image: image102.wmf](


)


20


4


2


4


2


3


2


g


h


H


fc


P


air


rms


air


air


air


air


r


r


f


r


p


s


m


r


r


ï


þ


ï


ý


ü


ï


î


ï


í


ì


ú


ú


û


ù


ê


ê


ë


é


-


÷


÷


ø


ö


ç


ç


è


æ


+


-


=


For,

[image: image103.wmf]Hz


f


2


.


0


=


,

[image: image104.wmf]m


S


air


/


10


2


7


´


@


s
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          Note the sign (-) in Eq. (13). It indicates that, in this case, the pressure 
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          In the case of a plate with 
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Assuming that, the 313600 metallic cylindrical tubes (external diameter=
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    Fig.  2   –   Distribution of  metallic  cylindrical  tubes  in to  a   dielectric   plate.   
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          Figure 3 shows an experimental set-up in order to check the total thrust produced by the dielectric plate, with 
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The mass of one dielectric plate, 12.2cm thickness, with 
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          The mass of one dielectric plate, 2mm thickness (Bottom cover, see Fig.3), is 
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Thus, the total mass of the system is given by
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Therefore, the balance (see Fig.3) can have the following characteristics:
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Therefore, the thrust 
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Consequently, the total thrust produced by the system (one plate) with 
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In practice, we can overlap several similar plates in order to increasing the total thrust. In this case, if the number of plates is
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For example, if number of overlapping plates (with 
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This thrust is of the order of the thrust of a fifth-generation jet fighter F-22 Raptor, which reaches 160,000N. 

          It is important to note that the vertical direction 
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 of the thrust produced by the plates can be turned of 90°, in order to produce horizontal displacements (See Fig.4 and Fig.5). 
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          Thus, gravitational micro-thrusters can be used to produce vertical or horizontal thrusts (in respect to
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). It is easy to see that, due to the magnitude of the thrust produced by these systems and their versatility, they can be can be used to move several types of vehicles.
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� Recently, a magnetic field of 1200 T was generated by the electromagnetic flux-compression (EMFC) technique with a newly developed megagauss generator system [� HYPERLINK  \l "x5" ��5�].  
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 Fig. 3 – Schematic Diagram of the dielectric plate, with 
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Fig. 2 – Distribution of metallic cylindrical tubes  into a dielectric  plate. 
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Fig. 4 - The vertical direction 
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 gravitational micro-thrusters, can be turned of 90°, in order to produce horizontal displacements.
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Fig. 5 – Horizontal displacement of Fx in several directions, simply rotating the  plate with 
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Fig. – 1 Air Cylindrical tube (
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