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In this work we show a gravitational separator of isotopes which can be much more effective than those used 
in the conventional processes of isotopes separation.  It is based on intensification of the gravitational 
acceleration, and can generate accelerations tens of times more intense than those generated in the most 
powerful centrifuges used for Uranium enrichment.  
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 1. Introduction 
 
          A conventional gas centrifuge is 
basically a cylinder that spins around its 
central axis with ultra-high angular speed 
while a gas is injected inside it. Under these 
conditions, the heavier molecules of the gas 
move towards the cylinder wall and the 
lighter ones remain close to the center. In 
addition, if one creates a thermal gradient in 
a perpendicular direction by keeping the top 
of the rotating column cool and the bottom 
hot, the resulting convection current carries 
the lighter molecules to the top while the 
heavier ones settle at the bottom, from which 
they can be continuously withdrawn.  
          An important use of gas centrifuges is 
for the separation of uranium-235 from 
uranium-238. As a first step, the uranium 
metal is turned into a gas (uranium 
hexafluoride, UF6). Next, the UF6 is injected 
inside a gas centrifuge, which spins at about 
100.000 rpm in order to produce a strong 
centrifugal force upon the UF6 molecules. 
Thus, the UF6 is separated by the difference 
in molecular weight between 235UF6 and 
238UF6 [1]. The heavier molecules of the gas 
(238UF6) move towards the cylinder wall and 
the lighter ones (235UF6) remain close to the 
center. The convection current carries the 
lighter molecules (235UF6) to the top while 
the heavier ones (238UF6) settle at the bottom. 
However, the gas at the top is not composed 
totally by 235UF6 it contains also 238UF6, in 
such way that we can say that the gas at the 
top is only a gas rich in 235U. In practice, 
several of such centrifuges are connected in  

 
 
 
series. A cascade of identical stages produces 
successively higher concentrations of 235U. 
This process is called Uranium enrichment.  
          Uranium occurs naturally as two 
isotopes: 99.3% is Uranium-238 and 0.7% is 
Uranium-235. Their atoms are identical 
except for the number of neutrons in the 
nucleus: Uranium-238 has three more and 
this makes it less able to fission. Uranium 
enrichment is used to increase the percentage 
of the fissile U-235. Nuclear reactors 
typically require uranium fuel enriched to 
about 3% to 5% U-235. Nuclear bombs 
typically use ‘Highly Enriched Uranium’, 
enriched to 90% U-235 [2].   
          In order to extract the 235U from the 
235UF6 it is necessary to add Calcium. The 
Calcium reacts with the gas producing a salt 
and pure 235U.  
          The conventional gas centrifuges used 
in the Uranium enrichment are very 
expensive, and they consume much energy 
during the process. Here, it is proposed a new 
type of separator of isotopes based on the 
intensification the gravitational acceleration 
* [3]. It can generate accelerations tens times 
more intense than those generated in the most 
powerful centrifuges used for Uranium 
enrichment.  
 
                                           
* De Aquino, F. (2008) Process and Device for Controlling  
    the  Locally  the  Gravitational  Mass   and   the  Gravity  
    Acceleration, BR  Patent Number: PI0805046-5, July 31,  
    2008. 
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2. Theory 
 
                   From the quantization of gravity 
it follows that the gravitational mass mg and 
the inertial mass mi are correlated by means 
of the following factor [3]: 
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where  is the rest inertial mass of the 
particle and  is the variation in the 
particle’s kinetic momentum;  is the speed 
of light.   

0im
pΔ

c

          When  is produced by the 
absorption of a photon with wavelength

pΔ
λ , it 

is expressed by λhp =Δ . In this case, Eq. 
(1) becomes 
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where cmh i00 =λ  is the De Broglie 
wavelength for the particle with rest inertial 
mass .   0im
           It has been shown that there is an 
additional effect - Gravitational Shielding 
effect - produced by a substance whose 
gravitational mass was reduced or made 
negative [4]. The effect extends beyond 
substance (gravitational shielding) , up to a 
certain distance from it  (along the central 
axis of gravitational shielding). This effect 
shows that in this region the gravity 
acceleration, , is reduced at the same 
proportion, i.e.,

1g
gg

11 χ=  where 

01 ig mm=χ  and g  is the gravity 
acceleration before the gravitational 
shielding).  Consequently, after a second 
gravitational shielding, the gravity will be 
given by ggg

21122 χχχ == , where 
2

χ  is 
the value of the ratio 0ig mm for the second 
gravitational shielding. In a generalized way, 
we can write that after the nth gravitational 
shielding the gravity, , will be given by ng
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          This possibility shows that, by means 
of a battery of gravitational shieldings, we 
can make particles acquire enormous 
accelerations.   
          From Electrodynamics we know that 
when an electromagnetic wave with 
frequency and velocity  incides on a  
material  with relative  permittivity 

f c

rε , 
relative magnetic permeability rμ  and 
electrical conductivity σ , its velocity is 
reduced to rncv =  where  is the index of 
refraction of the material, given by [

rn
5]  
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If  ωεσ >> f, π2ω = , Eq. (4) reduces to 
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Thus, the wavelength of the incident 
radiation (See Fig. 1) becomes 
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Fig. 1 – Modified Electromagnetic Wave. The 
wavelength of the electromagnetic wave can be
strongly reduced, but its frequency remains the same.

v = c v = c/nr 

λ = c/f λmod = v/f = c/nr f

nr 

  
        If a lamina with thickness equal toξ  
contains  atoms/mn 3, then the number of 
atoms per area unit is ξn . Thus, if the 
electromagnetic radiation with frequency 

incides on an area  of the lamina it 
reaches
f S

ξnS  atoms. If it incides on the total 
area of the lamina, , then the total number 
of  atoms reached by the radiation is 

fS

ξfnSN = .  The number of atoms per unit of 
volume, , is given by n
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where  is the 
Avogadro’s number; 

kmoleatomsN /1002.6 26
0 ×=

ρ  is the matter density 
of the lamina (in kg/m3) and A is the molar 
mass(kg/kmole).                
          When an electromagnetic wave incides 
on the lamina, it strikes  front atoms, 
where

fN
( ) mff SnN φ≅  , mφ  is the “diameter” of 

the atom. Thus, the electromagnetic wave 
incides effectively on an area  , where mf SNS=

2
4
1

mmS πφ=  is the cross section area of one atom. 
After these collisions, it carries out  
with the other atoms (See Fig.2).   

collisionsn

 
 
  
 
 
 
 
 
 
 
Fig. 2 – Collisions inside the lamina.   
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Thus, the total number of collisions in the 
volume ξS is 
 

( )
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The power density, , of the radiation on the 
lamina can be expressed by 

D
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           We can express the total mean number 
of collisions in each atom, , by means of 
the following equation  

1n

 

( )101 N
Nn

n collisionsphotonstotal=

 

Since in each collision a momentum λh  is 
transferred to the atom, then the total 
momentum transferred to the lamina will be 

( ) λhNnp 1=Δ . Therefore, in accordance 
with Eq. (1), we can write that 
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Since Eq. (8) gives ξSnN lcollisions = , we get 

( ) (122 ξSn
hf
PNn lcollisionsphotonstotal ⎟⎟
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Substitution of Eq. (12) into Eq. (11) yields 
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Substitution of P given by Eq. (9) into Eq. 
(13) gives 
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Substitution of ( ) mflf SnN φ≅  and mf SNS =   
into Eq. (14) results 
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where ( ) ( ) ( )llli Vm ρ=0 .  
         Now, considering that the lamina is 
inside an ELF electromagnetic field with 
E and B , then we can write that [6] 
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Substitution of Eq. (16) into Eq. (15) gives 
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In the case in which the area is just the 
area of the cross-section of the lamina

fS
( )αS , 

we obtain from Eq. (17), considering that 
( ) ( ) ξρ αSm lli =0 , the following expression 
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If the electrical conductivity of the lamina, 

( )lσ , is such that ( ) ωεσ >>l , then the value of 
λ is given by Eq. (6), i.e., 

( )194
mod σμ

πλλ
f

==

Substitution of Eq. (19) into Eq. (18) gives  
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Note that tEE m ωsin= .The average value 
for 2E  is equal to 2

2
1

mE  because E  varies 
sinusoidaly (   is the maximum value 

for
mE

E ). On the other hand, 2mrms EE = . 
Consequently we can replace 4E  for , 
and the equation above can be rewritten as 
follows 

4
rmsE
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          Now consider the system shown in 
Fig.3. It was originally designed to convert 
Gravitational Energy directly into Electrical 
Energy [7]. Here, it works as Separator of 
Isotopes. These systems are basically similar, 
except in the core. The core of the original 
system has been replaced by the one shown 
in Fig.3 and Fig.4 (detailed).  

          Inside the Gravitational Separator of 
Isotopes there is a dielectric tube ( 1≅rε ) with 
the following characteristics: mm60=α , 

232 1083.24 mS −×== παα . Inside the 
tube there is an Aluminum sphere with 30mm 
radius and mass kgM gs 30536.0= . The tube 
is filled with air at ambient temperature and 
1atm. Thus, inside the tube, the air density is 
 

( )22.2.1 3−= mkgairρ
 
The number of atoms of air (Nitrogen) per 
unit of volume, , according to Eq.(7), is 
given by 

airn

 

( )23/1016.5 3250 matoms
A

N
n

N

air
air ×==

ρ

 
          The parallel metallic plates (p), shown 
in Fig.3 are subjected to different drop 
voltages. The two sets of plates (D), placed 
on the extremes of the tube, are subjected to 

( ) KVV rmsD 028.1=  at Hzf 60= , while the 

central set of plates (A) is subjected to 
( ) KVV rmsA 169.12=  at Hzf 60= . Since 

mmd 98= , then the intensity of the electric 
field, which passes through the 36 cylindrical 
air laminas (each one with 5mm thickness) 
of the two sets (D), is  
 

( ) ( ) mVdVE rmsDrmsD /10048.1 4×==
 
and the intensity of the electric field, which 
passes through the 7 cylindrical air laminas 
of the central set (A), is given by  
 

( ) ( ) mVdVE rmsArmsA /102418.1 5×==
 
          Note that the metallic rings (5mm 
thickness) are positioned in such way to 
block the electric field out of the cylindrical 
air  laminas. The objective is to turn each one 
of these laminas into a Gravity Control Cells 
(GCC) [4]. Thus, the system shown in Fig. 3 
has 3 sets of GCC. Two with  18 GCC each,  
and one with 7 GCC. The two sets with 18 
GCC each are positioned at the extremes of 
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the tube (D). They work as gravitational 
decelerator while the other set with 7 GCC 
(A) works as a gravitational accelerator, 
intensifying the gravity acceleration 
produced by the mass of the Aluminum 
sphere. According to Eq. (3), this gravity, 
after the GCC becomes 

gsM

th7 2
0

7
7 rGMg gsχ= , 

where ( ) ( )lilg mm=χ  given by Eq. (21) and 
mmr 53.920 =   is the distance between the 

center of the Aluminum sphere and the 
surface of the first GCC of the set (A).  
          The objective of the sets (D), with 18 
GCC each, is to reduce strongly the value of 
the external gravity along the axis of the 
tube. In this case, the value of the external 
gravity, , is reduced by the factor , 

where 
extg extd g18χ

210−=dχ . For example, if the base 
BS of the system is positioned on the Earth 
surface, then  is reduced 

to and, after the set A, it is increased 

by . Since the system is designed for 

2/81.9 smgext =

extd g18χ
7χ

5.308−=χ  (See Eq. (26)), then the gravity 
acceleration on the sphere becomes 

. This value is much 

smaller than 

218187 /106.2 smgextd
−×=χχ

282 /1026.2 smrGMg sgssphere
−×== .  

          Note that there is a uniform magnetic 
field, B , through the core of the 
Gravitational Separator of Isotopes (a 
cylindrical Dielectric Chamber with 60mm 
external diameter; 50mm internal diameter 
and 100mm height). The electrical 
conductivity of air, inside the dielectric tube, 
is equal to the electrical conductivity of 
Earth’s atmosphere near the land, whose 
average value is mSair /101 14−×≅σ [8].  
This value is of fundamental importance in 
order to obtain the convenient values of the 
electrical current i  and the value of χ  and 

dχ , which are given by Eq. (21), i.e.,  
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where, ( ) ( ) 24.124 0 == fn airairrairr πεσμ , 

, , 325 /1016.5 matomsnair ×= mm
101055.1 −×=φ

2202 1088.14 mS mm
−×== πφ  and Hzf 60= . 

Since  and ( ) mVE rmsA /102418.1 3×=

( ) mVE rmsD /898.104= , we get 
 

( )265.308−=χ  
 
and 
 

( )2710 2−≅dχ  
 
          It is important to note that the set with 
7 GCC (A) cannot be turned on before the 
magnetic field B is on. Because the 
gravitational accelerations on the Al chamber 
and Al sphere will be enormous 
( )282

0
7 /106 smrGM gs ×≅χ , and will 

explode the device.   
          The isotopes inside the Dielectric 
Chamber are subjected to the gravity 
acceleration produced by the sphere, and 
increased by the 7 GCC in the region (A). Its 
value is 
 

( )28/106 28
2

0

77 sm
r

M
Gga gs

si ×≅== χχ

  
Comparing this value with the produced in 
the most powerful centrifuges (at 100,000 
rpm), which is of the order of 107m/s2, we 
conclude that the accelerations in the 
Gravitational Separator of Isotopes is about 
60 times greater than the values of the 
centrifuges. 
          In the case of Uranium enrichment, the 
gas UF6 is injected inside this core where it is 
strongly accelerated. Thus, the UF6 is 
separated by the difference in molecular 
weight between 235UF6 and 238UF6 (See 
Fig.4). The heavier molecules of the gas 
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(238UF6) move towards the cylinder bottom 
and the lighter ones (235UF6) remain close to 
the center. The convection current, produced 
by a thermal gradient of about 300°C 
between the bottom and the top of the 
cylinder, carries the lighter molecules 
(235UF6) to the top while the heavier ones 
(238UF6) settle at the bottom, from which they 
can be continuously withdrawn.  The gas 
withdrawn at the top of the cylinder is a gas 
rich in 235U.   
          The gravitational forces due to the 
gravitational mass of the sphere ( )gsM  acting 
on electrons ( , protons )eF ( )pF  and neutrons 
( )pF  of the dielectric of the Dielectric 
Chamber, are respectively expressed by the 
following relations   
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In order to make null the resultant of these 
forces in the Dielectric Chamber (and also in 
the sphere) we must have , i.e.,  npe FFF +=
 

( )32BnnBppBee mmm χχχ +=  
          In order to calculate the expressions of 

Beχ , Bpχ  and Bnχ   we start from Eq. (17), 
for the particular case of single electron in 
the region subjected to the magnetic field B. 
In this case, we must substitute  by ( )lrn

( )( )2
1

04 fn SicSicrrSic πεσμ= ;  by ln 3
3
411 ee rV π=   

(  is the electrons radius),  by er fS
( ) eee VSSA ρ   ( is the specific surface 
area for electrons in this case: 

eSSA

eeeeeeeee VrVAmASSA ρπρ 2
2
1

2
1 2=== ), 

 by , mS 2
ee rS π= ξ  by er2m =φ  and 

 by . The result is ( )lim 0 em
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Electrodynamics tells us that 

( )( ) rmsSiCrrmsrms BncvBE == , and Eq. (19) 
gives ( )fSiCSiCσμπλλ 4mod == . Substitution 
of these expressions into Eq. (33) yields 
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Similarly, in the case of proton and neutron 
we can write that 
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The radius of free electron is mre

141087.6 −×=  
(See Appendix A) and the radius of protons 
inside the atoms (nuclei) is mrp

15102.1 −×= , 

pn rr ≅ [9, 10], then we obtain from Eqs. (34) 
(35) and (36) the following expressions:  
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Then, from Eq. (32) it follows that   
 

( )392 BppBee mm χχ ≅
 
Substitution of Eqs. (37) and (38) into Eq. 
(39) gives  
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( )403.3666

11035.2121

11049.8121
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2

4
4
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⎥
⎥
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⎤

⎢
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⎡
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⎪
⎬
⎫
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⎤

⎢
⎢
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⎡
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−

f
B

f
B
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For Hzf 1.0= , we get 

[ ]{ }
[ ]{ } ( )413.3666

11035.2121

11049.8121
47

46

=
−×+−

−×+−
−

rms

rms

B

B

 
whence we obtain 
   

( )42793.0 TBrms =  
 
Consequently, Eq. (37) and (38) yields 
 

( )433.3666−=Beχ
and 

( )44999.0≅≅ BpBn χχ
 
In order for the forces  and  have 
contrary direction (such as it occurs in the 
case, in which the nature of the electromotive 
force is electrical) we must have 

eF pF

0<Beχ  
and 0>≅ BpBn χχ  (See equations (29) (30) 
and (31)), i.e., 

( )45011049.8121 2

4
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⎪
⎨
⎧

⎥
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⎢
⎢
⎣

⎡
−×+−

f
Brms

and  
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4
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⎡
−×+− −

f
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This means that we must have 
 

( )4786.15106.0 fBf rms <<
 
In the case of Hzf 1.0= the result is 
 

( )4802.4801.0 TBT rms <<
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Fig. 3 – Schematic Diagram of a Gravitational Separator of Isotopes (Based on a process of gravity 
control patented in July, 31 2008, PI0805046-5). In the case of Uranium enrichment, the gas UF6 is injected inside the 
core of the Gravitational Separator of Isotopes where it is strongly accelerated. Thus, the UF6 is separated by the 
difference in molecular weight between 235UF6 and 238UF6. The heavier molecules of the gas (238UF6) move towards the 
cylinder bottom and the lighter ones (235UF6) remain close to the center. The convection current, produced by a thermal 
gradient of about 300°C between the bottom and the top of the cylinder, carries the lighter molecules (235UF6) to the top
while the heavier ones (238UF6) settle at the bottom, from which they can be continuously withdrawn.  The gas
withdrawn at the top of the cylinder is a gas rich in 235U.   
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Fig. 4 – Details of the core of the Gravitational Separator of Isotopes. In the case of Uranium enrichment,
the heavier molecules of the gas (238UF6) move towards the cylinder bottom and the lighter ones (235UF6) remain close 
to the center. The convection current, produced by a thermal gradient of about 300°C between the bottom and the top of 
the Dielectric Chamber, carries the lighter molecules (235UF6) to the top while the heavier ones (238UF6) settle at the 
bottom, from which they can be continuously withdrawn.  The gas withdrawn at the top of the chamber is a gas rich in
235U.  
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Appendix A: The “Geometrical Radii” of Electron and Proton 
 
          It is known that the frequency of 
oscillation of a simple spring oscillator is  
 

( )1
2
1 A

m
Kf

π
=

 
where  is the inertial mass attached to the 
spring and 

m
K  is the spring constant (in 

N·m−1). In this case, the restoring force 
exerted by the spring is linear and given by  
 

( )2AKxF −=
 
where x  is the displacement from the 
equilibrium position. 
          Now, consider the gravitational force: 
For example, above the surface of the Earth, 
the force follows the familiar Newtonian 
function, i.e., 2rmGMF gg⊕−= , where 

 is the mass of Earth,  is the 
gravitational  mass of a particle and 

⊕gM gm
r is the 

distance between the centers. Below Earth’s 
surface the force is linear and given by 

( )3
3

Ar
R

mGM
F gg

⊕

⊕−=

where  is the radius of Earth.  ⊕R
          By comparing (A3) with (A2) we 
obtain 

( )4
3

A
x
r

R

GM

m
K

m
K g

g
⎟
⎠
⎞

⎜
⎝
⎛==

⊕

⊕

χ

Making , and substituting (A4) 
into (A1) gives 

⊕== Rrx

 

( )5
2
1

3 A
R

GM
f g

⊕

⊕=
χ

π
 
In the case of an electron and a positron, we 
substitute  by , ⊕gM gem χ  by eχ and  by 

, where  is the radius of electron (or 
positron). Thus, Eq. (A5) becomes 

⊕R

eR eR

 
 

( )6
2
1

3
A

R

Gm
f

e

egeχ
π

=

The value of eχ  varies with the density of 
energy [3]. When the electron and the 
positron are distant from each other and the 
local density of energy is small, the value of 

eχ  becomes very close to 1. However, when 
the electron and the positron are penetrating 
one another, the energy densities in each 
particle become very strong due to the 
proximity of their electrical charges e  and, 
consequently, the value of eχ  strongly 
increases. In order to calculate the value of 

eχ under these conditions ( ), we 
start from the expression of correlation 
between electric charge  and gravitational 
mass, obtained in a previous work [

eRrx ==

q
3]:  

 

( ) ( )74 0 AimGq imaginarygπε=

  
where  is the imaginary 

gravitational mass, and 
(imaginarygm )

1−=i .  
 
          In the case of electron, Eq. (A7) gives  
 

( )

( )( )
( )( )

( )( ) ( )8106.14

4

4

4

19
03

2
0

2
03

2
0

00

0

ACmG

imG

imG

imGq

realeie

realeie

imaginaryeie

imaginarygee

−×−==

=−=

==

==

χπε

χπε

χπε

πε

 
where we obtain 
 

( )9108.1 21 Ae ×−=χ
 
This is therefore, the value of eχ  increased 
by the strong density of energy produced by 
the electrical charges  of the two particles, 
under previously mentioned conditions.  

e

          Given that eiege mm 0χ= , Eq. (A6) 
yields        
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( )10
2
1

3
0

2

A
R

mG
f

e

eieχ
π

=

  
From Quantum Mechanics, we know that  
 

( )112
0 Acmhf i=

 
where  is the Planck’s constant. Thus, in 
the case of we get 

h
eii mm 00 =

 

( )12
2

0 A
h

cm
f ei=

 
          By comparing (A10) and (A12) we 
conclude that 
 

( )13
2
1

3
0

22
0 A

R
mG

h
cm

e

eieei χ
π

=

 
Isolating the radius , we get: eR
 

( )141087.6
2

14
2

0

3
2

3
1

Am
c
h

m
GR e

ei
e

−×=⎟
⎠

⎞
⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

π
χ

 
Compare this value with the Compton sized 
electron, which predicts  
and also with standardized result recently 
obtained of  [

mRe
131086.3 −×=

mRe
131074 −×−= 11].            

         In the case of proton, we have  
 

( )

( )( )
( )( )

( )( ) ( )15106.14

4
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19
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2
0

2
03

2
0

00

0

ACmG

imG
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imGq

realpip

realpip

imaginarypip
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−×−==

=−=
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where we obtain 
 

( )16107.9 17 Ap ×−=χ

 
 Thus, the result is 
 

( )171072.3
2

17
2

0

3
2

3
1

Am
c

h
m
GR p

pi
p

−×=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

π

χ

 
          Note that these radii, given by 
Equations ( )14A  and ( , are the radii of 
free electrons and free protons (when the 
particle and antiparticle (in isolation) 
penetrate themselves mutually).  

)17A

          Inside the atoms (nuclei) the radius of 
protons is well-known. For example, protons, 
as the hydrogen nuclei, have a radius given 
by  [mRp

15102.1 −×≅ 9, 10]. The strong 
increase in respect to the value given by Eq. 
(A17) is due to the interaction with the 
electron of the atom.  
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 1. Introduction

          A conventional gas centrifuge is basically a cylinder that spins around its central axis with ultra-high angular speed while a gas is injected inside it. Under these conditions, the heavier molecules of the gas move towards the cylinder wall and the lighter ones remain close to the center. In addition, if one creates a thermal gradient in a perpendicular direction by keeping the top of the rotating column cool and the bottom hot, the resulting convection current carries the lighter molecules to the top while the heavier ones settle at the bottom, from which they can be continuously withdrawn. 


          An important use of gas centrifuges is for the separation of uranium-235 from uranium-238. As a first step, the uranium metal is turned into a gas (uranium hexafluoride, UF6). Next, the UF6 is injected inside a gas centrifuge, which spins at about 100.000 rpm in order to produce a strong centrifugal force upon the UF6 molecules. Thus, the UF6 is separated by the difference in molecular weight between 235UF6 and 238UF6 [1]. The heavier molecules of the gas (238UF6) move towards the cylinder wall and the lighter ones (235UF6) remain close to the center. The convection current carries the lighter molecules (235UF6) to the top while the heavier ones (238UF6) settle at the bottom. However, the gas at the top is not composed totally by 235UF6 it contains also 238UF6, in such way that we can say that the gas at the top is only a gas rich in 235U. In practice, several of such centrifuges are connected in 

series. A cascade of identical stages produces successively higher concentrations of 235U. This process is called Uranium enrichment. 


          Uranium occurs naturally as two isotopes: 99.3% is Uranium-238 and 0.7% is Uranium-235. Their atoms are identical except for the number of neutrons in the nucleus: Uranium-238 has three more and this makes it less able to fission. Uranium enrichment is used to increase the percentage of the fissile U-235. Nuclear reactors typically require uranium fuel enriched to about 3% to 5% U-235. Nuclear bombs typically use ‘Highly Enriched Uranium’, enriched to 90% U-235 [2].  


          In order to extract the 235U from the 235UF6 it is necessary to add Calcium. The Calcium reacts with the gas producing a salt and pure 235U. 


          The conventional gas centrifuges used in the Uranium enrichment are very expensive, and they consume much energy during the process. Here, it is proposed a new type of separator of isotopes based on the intensification the gravitational acceleration 
 [3]. It can generate accelerations tens times more intense than those generated in the most powerful centrifuges used for Uranium enrichment. 


2. Theory

                   From the quantization of gravity it follows that the gravitational mass mg and the inertial mass mi are correlated by means of the following factor [3]:
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 is the De Broglie wavelength for the particle with rest inertial mass 
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           It has been shown that there is an additional effect - Gravitational Shielding effect - produced by a substance whose gravitational mass was reduced or made negative [4]. The effect extends beyond substance (gravitational shielding) , up to a certain distance from it  (along the central axis of gravitational shielding). This effect shows that in this region the gravity acceleration, 
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 is the gravity acceleration before the gravitational shielding).  Consequently, after a second gravitational shielding, the gravity will be given by
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for the second gravitational shielding. In a generalized way, we can write that after the nth gravitational shielding the gravity,
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          This possibility shows that, by means of a battery of gravitational shieldings, we can make particles acquire enormous accelerations.  

          From Electrodynamics we know that when an electromagnetic wave with frequency 
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 is the index of refraction of the material, given by [5] 
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, Eq. (4) reduces to
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Thus, the wavelength of the incident radiation (See Fig. 1) becomes
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Fig. 1 – Modified Electromagnetic Wave. The 


wavelength of the electromagnetic wave can be 


strongly reduced, but its frequency remains the same. 
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        If a lamina with thickness equal to
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 is the Avogadro’s number; 
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 is the matter density of the lamina (in kg/m3) and A is the molar mass(kg/kmole).               

          When an electromagnetic wave incides on the lamina, it strikes 
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[image: image48.wmf]m


f


S


N


S


=


 , where 

[image: image49.wmf]2


4


1


m


m


S


pf


=


 is the cross section area of one atom. After these collisions, it carries out 
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Fig. 2 – Collisions inside the lamina.   
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Thus, the total number of collisions in the volume 
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The power density,
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, of the radiation on the lamina can be expressed by
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           We can express the total mean number of collisions in each atom,
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Since in each collision a momentum 
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 is transferred to the atom, then the total momentum transferred to the lamina will be 
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Since Eq. (8) gives 
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Substitution of Eq. (12) into Eq. (11) yields
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Substitution of 
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given by Eq. (9) into Eq. (13) gives
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Substitution of
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  into Eq. (14) results
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where 
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         Now, considering that the lamina is inside an ELF electromagnetic field with 
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and
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, then we can write that [6]
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Substitution of Eq. (16) into Eq. (15) gives
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In the case in which the area 
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is just the area of the cross-section of the lamina

[image: image75.wmf](


)


a


S


, we obtain from Eq. (17), considering that 

[image: image76.wmf](


)


(


)


x


r


a


S


m


l


l


i


=


0


, the following expression




[image: image77.wmf](


)


(


)


(


)


(


)


(


)


18


1


1


2


1


2


1


2


2


2


0


2


2


2


3


0


ï


þ


ï


ý


ü


ï


î


ï


í


ì


ú


ú


ú


û


ù


ê


ê


ê


ë


é


-


ú


ú


û


ù


ê


ê


ë


é


÷


÷


ø


ö


ç


ç


è


æ


+


-


=


l


r


m


f


a


f


c


E


S


S


n


n


m


m


l


m


m


l


l


r


l


i


l


g




If the electrical conductivity of the lamina, 
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Substitution of Eq. (19) into Eq. (18) gives 
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          Now consider the system shown in Fig.3. It was originally designed to convert Gravitational Energy directly into Electrical Energy [7]. Here, it works as Separator of Isotopes. These systems are basically similar, except in the core. The core of the original system has been replaced by the one shown in Fig.3 and Fig.4 (detailed). 

          Inside the Gravitational Separator of Isotopes there is a dielectric tube (
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. Inside the tube there is an Aluminum sphere with 30mm radius and mass 
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The number of atoms of air (Nitrogen) per unit of volume, 

[image: image98.wmf]air


n


, according to Eq.(7), is given by
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          The parallel metallic plates (p), shown in Fig.3 are subjected to different drop voltages. The two sets of plates (D), placed on the extremes of the tube, are subjected to 
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, while the central set of plates (A) is subjected to 
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, then the intensity of the electric field, which passes through the 36 cylindrical air laminas (each one with 5mm thickness) of the two sets (D), is 
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and the intensity of the electric field, which passes through the 7 cylindrical air laminas of the central set (A), is given by 
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          Note that the metallic rings (5mm thickness) are positioned in such way to block the electric field out of the cylindrical air  laminas. The objective is to turn each one of these laminas into a Gravity Control Cells (GCC) [4]. Thus, the system shown in Fig. 3 has 3 sets of GCC. Two with  18 GCC each,  and one with 7 GCC. The two sets with 18 GCC each are positioned at the extremes of the tube (D). They work as gravitational decelerator while the other set with 7 GCC (A) works as a gravitational accelerator, intensifying the gravity acceleration produced by the mass 
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of the Aluminum sphere. According to Eq. (3), this gravity, after the 
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 given by Eq. (21) and 
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  is the distance between the center of the Aluminum sphere and the surface of the first GCC of the set (A). 


          The objective of the sets (D), with 18 GCC each, is to reduce strongly the value of the external gravity along the axis of the tube. In this case, the value of the external gravity,
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. For example, if the base BS of the system is positioned on the Earth surface, then 
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and, after the set A, it is increased by 
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 (See Eq. (26)), then the gravity acceleration on the sphere becomes 
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          Note that there is a uniform magnetic field, 
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, through the core of the Gravitational Separator of Isotopes (a cylindrical Dielectric Chamber with 60mm external diameter; 50mm internal diameter and 100mm height). The electrical conductivity of air, inside the dielectric tube, is equal to the electrical conductivity of Earth’s atmosphere near the land, whose average value is 
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[8].  This value is of fundamental importance in order to obtain the convenient values of the electrical current 
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where,
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          It is important to note that the set with 7 GCC (A) cannot be turned on before the magnetic field B is on. Because the gravitational accelerations on the Al chamber and Al sphere will be enormous 
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          The isotopes inside the Dielectric Chamber are subjected to the gravity acceleration produced by the sphere, and increased by the 7 GCC in the region (A). Its value is
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Comparing this value with the produced in the most powerful centrifuges (at 100,000 rpm), which is of the order of 107m/s2, we conclude that the accelerations in the Gravitational Separator of Isotopes is about 60 times greater than the values of the centrifuges.


          In the case of Uranium enrichment, the gas UF6 is injected inside this core where it is strongly accelerated. Thus, the UF6 is separated by the difference in molecular weight between 235UF6 and 238UF6 (See Fig.4). The heavier molecules of the gas (238UF6) move towards the cylinder bottom and the lighter ones (235UF6) remain close to the center. The convection current, produced by a thermal gradient of about 300°C between the bottom and the top of the cylinder, carries the lighter molecules (235UF6) to the top while the heavier ones (238UF6) settle at the bottom, from which they can be continuously withdrawn.  The gas withdrawn at the top of the cylinder is a gas rich in 235U.  


          The gravitational forces due to the gravitational mass of the sphere 
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 of the dielectric of the Dielectric Chamber, are respectively expressed by the following relations  
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In order to make null the resultant of these forces in the Dielectric Chamber (and also in the sphere) we must have 
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          In order to calculate the expressions of 
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  we start from Eq. (17), for the particular case of single electron in the region subjected to the magnetic field B. In this case, we must substitute 
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Electrodynamics tells us that 
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Similarly, in the case of proton and neutron we can write that
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The radius of free electron is 
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 (See Appendix A) and the radius of protons inside the atoms (nuclei) is 
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[9, 10], then we obtain from Eqs. (34) (35) and (36) the following expressions: 



[image: image175.wmf](


)


37


1


10


49


.


8


1


2


1


2


4


4


ï


þ


ï


ý


ü


ï


î


ï


í


ì


ú


ú


û


ù


ê


ê


ë


é


-


´


+


-


=


f


B


rms


Be


c






[image: image176.wmf](


)


38


1


10


35


.


2


1


2


1


2


4


9


ï


þ


ï


ý


ü


ï


î


ï


í


ì


ú


ú


û


ù


ê


ê


ë


é


-


´


+


-


=


@


-


f


B


rms


Bp


Bn


c


c




Then, from Eq. (32) it follows that  
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Substitution of Eqs. (37) and (38) into Eq. (39) gives 
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For 
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whence we obtain




[image: image181.wmf](


)


42


793


.


0


T


B


rms


=




Consequently, Eq. (37) and (38) yields
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In order for the forces 
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 (See equations (29) (30) and (31)), i.e.,
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In the case of 
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the result is
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Fig. 3 – Schematic Diagram of a Gravitational Separator of Isotopes (Based on a process of gravity 


control patented in July, 31 2008, PI0805046-5). In the case of Uranium enrichment, the gas UF
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 is injected inside the 
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. The heavier molecules of the gas (


238


UF


6
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) remain close to the center. The convection current, produced by a thermal 


gradient of about 300°C between the bottom and the top of the cylinder,  carries the lighter molecules (
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) to the top 


while the heavier ones (
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UF


6


) settle at the bottom, from which they can be continuously withdrawn.  The gas  


withdrawn at the top of the cylinder is a gas rich in 
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Fig. 4 – Details of the core of the Gravitational Separator of Isotopes. In the case of Uranium enrichment, 


the heavier molecules of the gas (


238


UF


6


) move towards the cylinder bottom and the lighter ones (


235


UF


6


) remain close 


to the center. The convection current, produced by a thermal gradient of about 300°C between the bottom and the top of 
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Appendix A: The “Geometrical Radii” of Electron and Proton

          It is known that the frequency of oscillation of a simple spring oscillator is 
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where 
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 is the inertial mass attached to the spring and 
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 is the spring constant (in N·m−1). In this case, the restoring force exerted by the spring is linear and given by 
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where 
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 is the displacement from the equilibrium position.

          Now, consider the gravitational force: For example, above the surface of the Earth, the force follows the familiar Newtonian function, i.e., 
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          By comparing (A3) with (A2) we obtain
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In the case of an electron and a positron, we substitute 
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The value of 
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 varies with the density of energy [3]. When the electron and the positron are distant from each other and the local density of energy is small, the value of 
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 becomes very close to 1. However, when the electron and the positron are penetrating one another, the energy densities in each particle become very strong due to the proximity of their electrical charges 
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where 
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          In the case of electron, Eq. (A7) gives 
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where we obtain
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This is therefore, the value of 
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 increased by the strong density of energy produced by the electrical charges 
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 of the two particles, under previously mentioned conditions. 

          Given that 
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From Quantum Mechanics, we know that 
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where 
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 is the Planck’s constant. Thus, in the case of 
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          By comparing (A10) and (A12) we conclude that
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Isolating the radius
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Compare this value with the Compton sized electron, which predicts 
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 [11].           

         In the case of proton, we have 
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where we obtain
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 Thus, the result is
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          Note that these radii, given by Equations 
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          Inside the atoms (nuclei) the radius of protons is well-known. For example, protons, as the hydrogen nuclei, have a radius given by 
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 [9, 10]. The strong increase in respect to the value given by Eq. (A17) is due to the interaction with the electron of the atom. 
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Fig. 4 – Details of the core of the Gravitational Separator of Isotopes. In the case of Uranium enrichment, the heavier molecules of the gas (238UF6) move towards the cylinder bottom and the lighter ones (235UF6) remain close to the center. The convection current, produced by a thermal gradient of about 300°C between the bottom and the top of the Dielectric Chamber, carries the lighter molecules (235UF6) to the top while the heavier ones (238UF6) settle at the bottom, from which they can be continuously withdrawn.  The gas withdrawn at the top of the chamber is a gas rich in 235U. 
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Fig. 3 – Schematic Diagram of a Gravitational Separator of Isotopes (Based on a process of gravity control patented in July, 31 2008, PI0805046-5). In the case of Uranium enrichment, the gas UF6 is injected inside the core of the Gravitational Separator of Isotopes where it is strongly accelerated. Thus, the UF6 is separated by the difference in molecular weight between 235UF6 and 238UF6. The heavier molecules of the gas (238UF6) move towards the cylinder bottom and the lighter ones (235UF6) remain close to the center. The convection current, produced by a thermal gradient of about 300°C between the bottom and the top of the cylinder, carries the lighter molecules (235UF6) to the top while the heavier ones (238UF6) settle at the bottom, from which they can be continuously withdrawn.  The gas withdrawn at the top of the cylinder is a gas rich in 235U.  
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Fig. 2 – Collisions inside the lamina.  
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Fig. 1 – Modified Electromagnetic Wave. The wavelength of the electromagnetic wave can be strongly reduced, but its frequency remains the same.
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