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Besides energy, the electromagnetic waves transport linear momentum. Then, if this momentum is 
absorbed by a surface, pressure is exerted on the surface. This is the so-called Radiation Pressure. Here 
we show that this pressure has a negative component (opposite to the direction of propagation of the 
radiation) due to the existence of the negative linear momentum transported by the electromagnetic 
waves.  This fact leads to an important theoretical discovery: the velocity of the electromagnetic waves 
in free space is  not a constant. 
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1. Introduction 
 
          Electromagnetic waves transport 
energy as well as linear momentum. Then, if 
this momentum is absorbed by a surface, 
pressure is exerted on the surface. Maxwell 
showed that, if the incident energy U  is 
totally absorbed by the surface during a 
time t , then the total momentum q transferred 
to the surface is vUq =  [1]. Then, the 
pressure, (defined as force  per unit area p F
A ), exerted on the surface, is given by 
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whence we recognize the term ( ) AdtdU  as 
the radiation power density, , (in watts/mD 2) 
arriving at the surface1. Thus, if cv =  the 
radiation pressure exerted on the surface  is  
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c
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          Here we show that this pressure has a 
negative component (opposite to the 
direction of propagation of the photons) due 
to the existence of the negative linear 
momentum transported by the photons. This 
fact leads to an important theoretical 
discovery: the velocity of the electromagnetic 
waves in free space is not a constant.   
                                           
1 This value is also called of Poynting vector. 

 
2. Theory  
           
         The energy of a harmonic oscillator is 
quantized in multiples of , and given by hf

( ) ( )3,...2,1,02
1 =+= nhfnEn

where  is the classical frequency of 
oscillation, and h  is the Planck’s constant 
[

f

2]. When 0=n , Eq. (3) shows that 
hfE 2

1
0 = . This value is called energy of the 

zero point. Thus, the energy of the harmonic 
oscillator, at equilibrium with the 
surrounding medium, does not tend to zero 
when temperature approaches to absolute 
zero, but stays equal to .  0E
          In the particular case of massless 
oscillators (photons, for example), does 
not correspond to 

0E
the lowest value of the 

energy, which the oscillator can have, 
because, when temperature approaches to 
absolute zero the oscillator frequency 
becomes dependent of the temperature T , as 
show the well-known expression of the 
thermal De Broglie wavelength ( )Λ  for 
massless particles [3, 4], which is given by 
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Then, the lowest value of the energy hf2
1 , in 

the case of the photon, for example, will be 
the value 02

1 hf  correspondent to a critical 
temperature  very close to absolute zero, 
and according to Eq. (4), given by 

cT
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Thus, for  the energy of the photons is 
constant and given by 

cTT ≤

02
1 hf . Above , the 

photon absorbs energy from the surrounding 
medium, and its energy becomes equal to 

. Therefore, the energy absorbed by the 
photon is 

cT

hf
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Fig. 1 – Above cT , the photon absorbs energy from
the surrounding medium, and its energy becomes
equal to hf .  
          Consequently, the expression of the 
momentum  transported by the photon with 
velocity  will be expressed by 
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          Equation above shows the existence of 
a bipolar linear momentum transported by 
the electromagnetic waves. For 02λλ < the 
resultant momentum transported by the 
photon is positive , i.e., If this momentum is 
absorbed by a surface, pressure is exerted on 
the surface, in the same direction of 
propagation of the photon. These photons are 
well-known. However, Eq. (7) point to a new 
type of photons when 02λλ = . In this case 

, i.e., this type of photon does not exert 
pressure when it incides on a surface. What 
means that it does not interact with matter. 

Obviously, this corresponds to a special 
type of photon, which we will call of neutral 
photon. Finally, if 

0=q

02λλ >  the resultant 
momentum transported by the photon is 
negative. If this momentum is absorbed by a 
surface, pressure is exerted on the surface, in 
the opposite direction of propagation of the 
photon. This special type of photon will be 
denominated of attractive photon.  
           Considering that the critical 
temperature  should be very close to 
absolute zero, similar to the critical 
temperature in which occurs the transition to 
Bose-Einstein Condensates (nanoK) then, 
according to Eq. (5), the limit-frequency 

cT

0f  
should be of the order of 10Hz or less.  This 
is the range of the extremely low frequency 
(ELF) radiation.  
          The quantization of gravity shows that 
the gravitational mass mg and inertial mass 
mi are correlated by means of the following 
factor [5]: 
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where  is the rest inertial mass of the 
particle and 

0im
pΔ  is the variation in the 

particle’s kinetic momentum.  
          Another important equation obtained 
in the quantization theory of gravity is the 
new expression for the momentum  of a 
particle with gravitational mass  and 
velocity , which is given by   
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Eq.(8), i.e., .. Thus, we can write  
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Substitution of Eq. (10) into Eq. (9) gives 
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By comparing Eq. (11) with (7) we obtain 
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In the free space, i.e., in absence of others 
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electromagnetic fields ( 1=χ ) the Eq. (12) 
reduces to 
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          Equation (13) shows that the speed of the 
electromagnetic waves in free space is not a 
constant. Thus, also the speed of light is not a 
constant.  
          Theories proposing a varying speed of 
light have recently been widely proposed 
under the claim that they offer a solution to 
cosmological puzzles [6 , 7].  
          In the case of , Eq. (7) shows that 
the momentum  carried by the photon is 
negative (has opposite direction to the velocity 

of the photon). Then, in order to compare Eq. 
(11) with Eq. (7), in this case, we have that 
change  for  in Eq. (11). The result is  
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qr

vr

v v−

( )14
2

0

f
f

cv
χ

≅

          This is the expression of the velocity  
of  photons with frequency .  

v
0ff <<

         This equation tells us that, in free space  
( 1=χ ), electromagnetic waves with frequency 

 have velocity much greater than .  0ff << c
         Next, we will show that this fact does not 

affect the relativistic factor 221 cV− . 
          It is known that the interactions are 
communicated by means of the changing of 
“virtual” quanta. The maximum velocity of these 
quanta is a constant called maximum velocity of 
propagation of the interactions. Currently, it is 
assumed that this velocity is equal to the velocity 
of the electromagnetic waves in free space ( )c . 
This is the reason of the constant c  to appear in 
the relativistic factor above mentioned. However, 
Eq. (13) shows that the velocity of the 
electromagnetic waves in free space is not a 
constant.  
          The maximum velocity of the quanta 
of the interactions is the velocity of the 
quanta, which are “virtual” photons. Thus, if 
the frequency  of these photons is a 
constant and , then, according to Eq. 
(13), the maximum velocity of propagation 
of the interactions is a constant value very 
close to .  In this way, the maximum 
velocity of propagation of the interactions is 

not  neither a velocity greater than , but 
a value very close to . Consequently, the 
relativistic factor 

f

0ff >>

c

c c
c

221 cV− remains valid 
in practice.  
          In a general way, the relativistic factor 
can now be rewritten as ( )ffcV 211 0

22 −− , 
where 0ff >>  is the typical frequency of 
the mentioned “virtual” photons.  In practice, 
the two factors should be equivalents. 
However,  the degree of equivalence with 

221 cV−  will depend of the magnitude of 
the frequency .   f
          The fact of the velocities of the quanta of 
the interactions be smaller than c  does not 
means that the velocities of some types of 
electromagnetic waves cannot be greater than , 
as predicted by Eq.(13), in the case of 

c
0ff << . 

Photons have null inertial mass and, in principle, 
all the particles with null inertial masses can have 
any velocity. 
          Generating electromagnetic radiation at 
extremely-low frequencies is difficult because the 
long wavelengths require long antennas, 
extending for hundreds of kilometers. Natural 
ionospheric currents provide such an antenna if 
they can be modulated at the desired frequency 
[8-13]. The generation of ELF electromagnetic 
radiation by modulated heating of the ionosphere 
has been the subject matter of numerous papers 
[14-20].  
          In 1974, it was shown that ionospheric 
heater can generate ELF waves by heating the 
ionosphere with high-frequency (HF) radiation in 
the megahertz range [14].  This heating 
modulates the electron’s temperature in the D 
region ionosphere, leading to modulated 
conductivity and a time-varying current, which 
then radiates at the modulation frequency.   
          Several HF ionospheric heaters have been 
built in the course of the latest decades in order to 
study the ELF waves produced by the heating of 
the ionosphere with HF radiation. Currently, the 
HAARP heater is the most powerful ionospheric 
heater, producing ELF radiation with f = 2.5Hz 
[21, 22].    
          If is possible generate ELF radiation with 
frequency mHzf 1≈ , by means of the above 
mentioned process, then the veracity of Eq. (14) 
can be checked. According to Eq. (14), the 
velocity of the generated waves should be of the 
order of  c10 . 
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Besides energy, the electromagnetic waves transport linear momentum. Then, if this momentum is absorbed by a surface, pressure is exerted on the surface. This is the so-called Radiation Pressure. Here we show that this pressure has a negative component (opposite to the direction of propagation of the radiation) due to the existence of the negative linear momentum transported by the electromagnetic waves.  This fact leads to an important theoretical discovery: the velocity of the electromagnetic waves in free space is  not a constant.
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1. Introduction


          Electromagnetic waves transport energy as well as linear momentum. Then, if this momentum is absorbed by a surface, pressure is exerted on the surface. Maxwell showed that, if the incident energy 
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, then the total momentum q transferred to the surface is 
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whence we recognize the term
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 as the radiation power density,
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, (in watts/m2) arriving at the surface
. Thus, if 
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 the radiation pressure exerted on the surface  is 
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          Here we show that this pressure has a negative component (opposite to the direction of propagation of the photons) due to the existence of the negative linear momentum transported by the photons. This fact leads to an important theoretical discovery: the velocity of the electromagnetic waves in free space is not a constant.  

2. Theory 


         The energy of a harmonic oscillator is quantized in multiples of 
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 is the classical frequency of oscillation, and 
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. This value is called energy of the zero point. Thus, the energy of the harmonic oscillator, at equilibrium with the surrounding medium, does not tend to zero when temperature approaches to absolute zero, but stays equal to 
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          In the particular case of massless oscillators (photons, for example), 
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does not correspond to the lowest value of the energy, which the oscillator can have, because, when temperature approaches to absolute zero the oscillator frequency becomes dependent of the temperature 
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, as show the well-known expression of the thermal De Broglie wavelength 
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Then, the lowest value of the energy 
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 the energy of the photons is constant and given by 
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, the photon absorbs energy from the surrounding medium, and its energy becomes equal to 
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Fig. 1 – Above 
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, the photon absorbs energy from 
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          Consequently, the expression of the momentum 
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          Equation above shows the existence of a bipolar linear momentum transported by the electromagnetic waves. For 
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the resultant momentum transported by the photon is positive , i.e., If this momentum is absorbed by a surface, pressure is exerted on the surface, in the same direction of propagation of the photon. These photons are well-known. However, Eq. (7) point to a new type of photons when 
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, i.e., this type of photon does not exert pressure when it incides on a surface. What means that it does not interact with matter. Obviously, this corresponds to a special type of photon, which we will call of neutral photon. Finally, if 
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 the resultant momentum transported by the photon is negative. If this momentum is absorbed by a surface, pressure is exerted on the surface, in the opposite direction of propagation of the photon. This special type of photon will be denominated of attractive photon. 

           Considering that the critical temperature 
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          The quantization of gravity shows that the gravitational mass mg and inertial mass mi are correlated by means of the following factor [5]:
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where 
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 is the rest inertial mass of the particle and 
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 is the variation in the particle’s kinetic momentum. 


          Another important equation obtained in the quantization theory of gravity is the new expression for the momentum 
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Substitution of Eq. (10) into Eq. (9) gives
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By comparing Eq. (11) with (7) we obtain
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In the free space, i.e., in absence of others electromagnetic fields (
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) the Eq. (12) reduces to
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          Equation (13) shows that the speed of the electromagnetic waves in free space is not a constant. Thus, also the speed of light is not a constant. 

          Theories proposing a varying speed of light have recently been widely proposed under the claim that they offer a solution to cosmological puzzles [6 , 7]. 

          In the case of 
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, Eq. (7) shows that the momentum 
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 carried by the photon is negative (has opposite direction to the velocity 
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of the photon). Then, in order to compare Eq. (11) with Eq. (7), in this case, we have that change 
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 in Eq. (11). The result is 



[image: image62.wmf](


)


14


2


0


f


f


c


v


c


@


          This is the expression of the velocity 
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 of  photons with frequency 
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         This equation tells us that, in free space  (
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), electromagnetic waves with frequency 
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 have velocity much greater than 
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. 

         Next, we will show that this fact does not affect the relativistic factor
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          It is known that the interactions are communicated by means of the changing of “virtual” quanta. The maximum velocity of these quanta is a constant called maximum velocity of propagation of the interactions. Currently, it is assumed that this velocity is equal to the velocity of the electromagnetic waves in free space 
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 to appear in the relativistic factor above mentioned. However, Eq. (13) shows that the velocity of the electromagnetic waves in free space is not a constant. 


          The maximum velocity of the quanta of the interactions is the velocity of the quanta, which are “virtual” photons. Thus, if the frequency 
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 of these photons is a constant and 
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, then, according to Eq. (13), the maximum velocity of propagation of the interactions is a constant value very close to 
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.  In this way, the maximum velocity of propagation of the interactions is not 
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 neither a velocity greater than 
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, but a value very close to 
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. Consequently, the relativistic factor 
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remains valid in practice. 

          In a general way, the relativistic factor can now be rewritten as 
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, where 
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 is the typical frequency of the mentioned “virtual” photons.  In practice, the two factors should be equivalents. However,  the degree of equivalence with 
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 will depend of the magnitude of the frequency 

[image: image81.wmf]f


.  

          The fact of the velocities of the quanta of the interactions be smaller than 
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 does not means that the velocities of some types of electromagnetic waves cannot be greater than 
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, as predicted by Eq.(13), in the case of 
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. Photons have null inertial mass and, in principle, all the particles with null inertial masses can have any velocity. 

          Generating electromagnetic radiation at extremely-low frequencies is difficult because the long wavelengths require long antennas, extending for hundreds of kilometers. Natural ionospheric currents provide such an antenna if they can be modulated at the desired frequency [8-13]. The generation of ELF electromagnetic radiation by modulated heating of the ionosphere has been the subject matter of numerous papers [14-20]. 


          In 1974, it was shown that ionospheric heater can generate ELF waves by heating the ionosphere with high-frequency (HF) radiation in the megahertz range [14].  This heating modulates the electron’s temperature in the D region ionosphere, leading to modulated conductivity and a time-varying current, which then radiates at the modulation frequency.  


          Several HF ionospheric heaters have been built in the course of the latest decades in order to study the ELF waves produced by the heating of the ionosphere with HF radiation. Currently, the HAARP heater is the most powerful ionospheric heater, producing ELF radiation with f = 2.5Hz [21, 22].   

          If is possible generate ELF radiation with frequency 
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, by means of the above mentioned process, then the veracity of Eq. (14) can be checked. According to Eq. (14), the velocity of the generated waves should be of the order of  
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� This value is also called of Poynting vector.





_1452681507.unknown



_1455795418.unknown



_1456061348.unknown



_1456231150.unknown



_1456327565.doc

                                        



                                          



       ½ hf0                                     hf  



       photon


        T (Tc                                photon


                                                  T >Tc


Fig. 1 – Above 


[image: image1.wmf]c



T



, the photon absorbs energy from the surrounding medium, and its energy becomes equal to 


[image: image2.wmf]hf



.






















_1452527811.unknown





_1452528631.unknown







_1456400066.unknown



_1456400236.unknown



_1456400474.unknown



_1456374264.unknown



_1456327405.unknown



_1456327425.unknown



_1456231623.unknown



_1456231669.unknown



_1456231381.unknown



_1456230738.unknown



_1456230874.unknown



_1456230213.unknown



_1456061285.unknown



_1456061316.unknown



_1456061326.unknown



_1456061304.unknown



_1456061246.unknown



_1456061263.unknown



_1455990348.unknown



_1455990355.unknown



_1455970632.unknown



_1455989365.unknown



_1455809333.unknown



_1455894707.unknown



_1455811481.unknown



_1455795561.unknown



_1452945948.unknown



_1455713629.unknown



_1455714490.unknown



_1455727576.unknown



_1455727826.unknown



_1455727846.unknown



_1455713692.unknown



_1455713641.unknown



_1452945992.unknown



_1452946003.unknown



_1452947051.unknown



_1452945963.unknown



_1452682917.unknown



_1452683042.unknown



_1452683790.unknown



_1452682926.unknown



_1452682493.unknown



_1452682768.unknown



_1452682470.unknown



_1452527164.unknown



_1452528050.unknown



_1452528467.unknown



_1452586503.unknown



_1452587291.unknown



_1452587320.unknown



_1452528631.unknown



_1452529007.unknown



_1452528117.unknown



_1452527811.unknown



_1452525082.unknown



_1452525839.unknown



_1452527106.unknown



_1452525118.unknown



_1338723961.unknown



_1452524401.unknown



_1452524442.unknown



_1446993100.unknown



_1452524262.unknown



_1444409470.unknown



_1444410578.unknown



_1338724192.unknown



_1301484086.unknown



_1338723910.unknown



_1301484038.unknown



