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A system for generating intense fluxes (>>1μ W.m-2) of extremely-low frequency (ELF) 
radiation, in the range of about 1Hz, is described in this work. It is based on the generation 
process of cyclotron radiation, and can be used in the research of biological effects of the ELF 
radiation and also in the therapies that use ELF radiation.  
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1. Introduction 
 
         Extremely low frequency (ELF) radiation 
is the designation for radiation of the lower 
extreme of the electromagnetic spectrum 

. ELF radiation has not enough 
energy to remove charged particles such as 
electrons. Thus, it is called of non-ionizing 
radiation. Some sources of ELF radiation include 
power lines, household wiring, etc. This means 
that people are frequently exposed to ELF 
radiation. But the ELF radiation emitted from 
these sources has very-low intensity.  

( kHzf 10<< )

          The building of ELF transmitters is very 
difficult because the length of the antenna is 
enormous. In the case of 1Hz the antenna length 
must be of the order of 100.000km. However, by 
using the process of gravitational redshift at 
laboratory scale, shown in a previous paper [1] it 
is possible for example, to reduce frequencies 

 down to ~1Hz. In order to produce a 
power density at ~1Hz, by the 
mentioned redshift process, it is necessary an 
initial flux with  at ~1GHz, what 
corresponds to the minimum frequency band of 
masers. Unfortunately, this process wastes a lot 
of energy. 

GHzf 1≅
26 /10 mWD −≅

23 /10 mWD ≅

          Here is described a more efficient system 
for generating intense fluxes* (>>1μ W.m-2) of 
ELF radiation, in the range of about 1Hz. It is 
based on the generation process of cyclotron 
radiation, and can be used in the research of 
biological effects of the ELF radiation and also in 
the therapies that use ELF radiation. 
                                           
* Since we can write that ( ) lightlightELF
then, considering  and light , 
we get ELF  . An intense flux of 
light usually has light . Thus, a 
flux with 1Hz  and can 
be considered intense.  

ELF DffD =
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2. The System 
 
          The frequency  and the intensity f I  
of the electromagnetic radiation emitted from 
a particle with inertial mass  and electrical 
charge  that describes a circle with velocity 

, 

m
q

v ( )cv << †, inside a constant, uniform 
magnetic field, B , are given, respectively, by 
[2] 

( )1
2 m
qBf =
π

 

( )2
3

2 222
0

c
fvq

I rμπμ
=

 
This radiation, as we known, is called 
Cyclotron Radiation. 
          Now consider the system shown in Fig 
1. Basically, it is a parallel plate capacitor, 
placed inside a coil, which produces the 
magnetic field B . The area of the plates of 
the capacitor is A , and the distance between 
them is ; the dielectric is Barium Titanate, 
which has a relative permittivity 

d
1250=rε

‡ 
at 20°C.  
           
                                           
† c is the speed of light. 
 
‡ Recently, materials with giant dielectric 
constant of about ~104-106 have been discovered; 
CaCu3Ti4O12 (CCTO) has a giant dielectric 
constant of up to 105 at room temperature [3, 4]. 
There have been numerous reports on discovery 
of giant dielectric permittivity materials called 
internal barrier layer capacitor in the recent years. 
One of such materials is BaTiO3 with SiO2 
coating [5]. See also [6, 7, 8]. 
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(a) 
 
 
 
 
 
 

(b) 
 
Fig.1 - A system for generating intense fluxes 
(>>1μ W.m-2) of extremely-low frequency (ELF) 
radiation, in the range of about 1Hz.  
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          As shown in Fig.1, there are several disks 
with radius  above the dielectric (barium 
titanate). Each disk is made of dielectric material 
with its bottom covered with a Metglas foil 

dr

( )3.590,7;000,000,1 −== mkgr ρμ , which 
spins with an angular velocity ω . Thus, we can 
say that the charge , given by −q
 
 

( ) ( )300 dAVCVqq rr εεεε === +−

  
 
is spinning with an angular velocity ω ; 

 is the permittivity of 
the free space; V  is the voltage between the 
capacitor plate and the Metglas disks ;  is 
the distance between the plate and the disks 
(See Fig.1).  

112
0 .10854.8 −−×= mFε

d

          Note that, in the Metglas disks there 
are several holes with radius  in order to 
reduce the mass of the Metglas disks. 

Therefore, the total mass  of the  
spinning Metglas disks is 

φr

m n

( ) ρππ φφ xrnrnm d Δ−= 22 , where  is the 
thickness of the disks and 

xΔ
ρ  the density of 

them. If we make , and if 

, then we get 

22 9.0 drrn ππ φφ =

Arn d ≅2π
 

( ) ( )41.01.0 2 ρρπ xAxrnm d Δ≅Δ=
 
Substitution of  and , given 
respectively by Eqs. (3) and (4), into Eqs. (1) 
and (2) yields 

−= qq m
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For kVV 5=  (dielectric strength of Barium 
titanate is ), mmkV /6 mmd 1= , 

, mmx 5105.115 −×==Δ μ TB 29.1= , 
, 25.1 mA= ( )rpmsrad 000,200/101.2 4×=ω  

and mrd 17.0=   the Eqs. (5) and (6) give 
 

( )71Hzf ≅
 
and 
 

( )81067.7 4 WI −×≅
 
Then, we get 
 

( )9.105 24 −−×≅= mW
A
ID

 
        Thus, the system described in this work 
can be used in the therapies using ELF radiation 
in the range of about 1Hz and power density 
>>1μ W.m-2 [9]. Also, it can be used in the 
research of biological effects of the ELF 
radiation.  
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1. Introduction


         Extremely low frequency (ELF) radiation is the designation for radiation of the lower extreme of the electromagnetic spectrum 
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. ELF radiation has not enough energy to remove charged particles such as electrons. Thus, it is called of non-ionizing radiation. Some sources of ELF radiation include power lines, household wiring, etc. This means that people are frequently exposed to ELF radiation. But the ELF radiation emitted from these sources has very-low intensity. 


          The building of ELF transmitters is very difficult because the length of the antenna is enormous. In the case of 1Hz the antenna length must be of the order of 100.000km. However, by using the process of gravitational redshift at laboratory scale, shown in a previous paper [1] it is possible for example, to reduce frequencies 
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at ~1Hz, by the mentioned redshift process, it is necessary an initial flux with 
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 at ~1GHz, what corresponds to the minimum frequency band of masers. Unfortunately, this process wastes a lot of energy.


          Here is described a more efficient system for generating intense fluxes
 (>>1( W.m-2) of ELF radiation, in the range of about 1Hz. It is based on the generation process of cyclotron radiation, and can be used in the research of biological effects of the ELF radiation and also in the therapies that use ELF radiation.


2. The System

          The frequency 
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, inside a constant, uniform magnetic field,
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This radiation, as we known, is called Cyclotron Radiation.

          Now consider the system shown in Fig 1. Basically, it is a parallel plate capacitor, placed inside a coil, which produces the magnetic field 
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. The area of the plates of the capacitor is 
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[image: image18.emf]                                              (a)               (b)     Fig.1  -   A system for generating intense fluxes   ( >> 1    W.m - 2 )  of extremely - low frequency (ELF)  radiatio n, in the range of  about 1 Hz .       
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          As shown in Fig.1, there are several disks with radius 
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 above the dielectric (barium titanate). Each disk is made of dielectric material with its bottom covered with a Metglas foil 
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is spinning with an angular velocity 
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 is the permittivity of the free space; 
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 is the voltage between the capacitor plate and the Metglas disks ; 
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 is the distance between the plate and the disks (See Fig.1). 


          Note that, in the Metglas disks there are several holes with radius 
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Substitution of 
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, given respectively by Eqs. (3) and (4), into Eqs. (1) and (2) yields
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  the Eqs. (5) and (6) give
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Then, we get
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        Thus, the system described in this work can be used in the therapies using ELF radiation in the range of about 1Hz and power density >>1( W.m-2 [9]. Also, it can be used in the research of biological effects of the ELF radiation. 
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� Since we can write that � EMBED Equation.3  ��� ,   



then, considering � EMBED Equation.3  ��� and � EMBED Equation.3  ���, we get � EMBED Equation.3  ��� . An intense flux of light usually has � EMBED Equation.3  ���. Thus, a flux with 1Hz  and � EMBED Equation.3  ���can be considered intense. 



� c is the speed of light.







� Recently, materials with giant dielectric constant of about ~104-106 have been discovered; CaCu3Ti4O12 (CCTO) has a giant dielectric constant of up to 105 at room temperature [� HYPERLINK  \l "c3" ��3�, � HYPERLINK  \l "c4" ��4�]. There have been numerous reports on discovery of giant dielectric permittivity materials called internal barrier layer capacitor in the recent years. One of such materials is BaTiO3 with SiO2 coating [� HYPERLINK  \l "c5" ��5�]. See also [� HYPERLINK  \l "c6" ��6�, � HYPERLINK  \l "c7" ��7�, � HYPERLINK  \l "c8" ��8�].
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Fig.1 - A system for generating intense fluxes (>>1( W.m-2) of extremely-low frequency (ELF) radiation, in the range of about 1Hz. 
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