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INTRODUCTION 
 
            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  

( )22
2
12

2
1 HEW με +=

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 ). From Eq. 

(3), we see that the index of refraction  

m/H7
0 104 −×= πμ

vcnr =   
is given by 
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 Equation (3) shows that vr =κω . Thus, 
vkBE r == ω , i.e.,  

HvvBE μ==  
Then, Eq. (2) can be rewritten as follows 

( )5

1

11

1

2
2

2

2
22

2
2

2

2
22

12
22

1

2
22

12
2
1

2

2
12

2
1

E
c

n

E
cv

cE
v

E
v

E
v

E
v

E

v
EEW

r
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+=

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+=

μ

μμ

μμ

μ
ε

μ
με

For ωεσ >> , Eq. (3) gives 
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Substitution of Eq. (6) into Eq. (5) gives 
( ) ( )72 2EW ωσ=

Substitution of Eq. (7) into Eq. (1), yields 
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         Note that if tEE m ωsin= .Then, 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, we have 2mrms EE = . 

Consequently, we can change 4E  by , and 
the Eq. (8) can be rewritten as follows 

4
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The Ohm's vectorial Law tells us 
that rmsrms Ej σ=  . Thus, we can write Eq. (9) in 
the following form: 
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where 2jjrms =  [2].     Since      
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By substitution of Eq. (12) into Eq.(10), we get 
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          In this paper it is proposed a very simple 
experimental set-up to check the decreasing of 
the Gravitational Mass in Metallic Discs 
subjected to an alternating voltage V  of 
extremely low frequency (See Fig.2).  
 
SUGGESTED EXPERIMENT 
 
          Consider the experimental set-up showed 
in Fig.2. Basically it is an electrical transformer 
where the secondary winding is coupled to a 
metallic disc with  thickness, relative 
permeability

l
rμ , electrical conductivity σ  and 

mass density ρ ; the electrical resistance of the 
disc is , and it is subjected to an alternating 
voltage V  with 

dR
frequency f , as showed in Fig.2.    

          Since the number of turns in both windings 
is the same, i.e., , then we have 

that 

NNN Sp ==

1== SPSP NNVV , i.e., VVV SP == . 

Since ( 22
SPSP NNZZa == ) , then we 

have SP ZZ = . On the other hand, since 

SSPP iViV = then we have that SP ii =  ( is the 
current through the secondary inductor;  is 
the current through the primary inductor). 
Since 

Si

Pi

PriRvoltsV −= 220  (See Fig.2), then 
( ) rP RVi −= 220 ;  is the electrical 

resistance of the potentiometer. Therefore, we 
can write that  

rR

( )15220

r
P R

Vi −
=

On the other hand, we can write that 
 

( )16PPSSSP ZVZVii ===
 
Where VVV SP ==  and . Thus, we get LPS XZZ ≅=
 

( )17LP XVi =           
By comparing  Eq.(17) with Eq.(15), we obtain  
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where fLX L π2= ; L is given by [3]. 
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In the equation above   is theN  number of turns 
in each winding, A  is the cross-sectional area of 
the core,  is the length of the coil and is the 
diameter of the core (See Fig 1). 

Bl d

                                   d 
 
 
 
 
             lB                                  N 
 
 
 
 
   Fig. 1 – Inductance L  of a coil of wire 

    A 

           
          Note that, in the Eq.(18), if 0=rR  then 

voltsV 220= . On the other hand, for  
the result is 

Lr XR >
voltsV 220< . In addition note that 
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the maximum value of must be smaller than 
the maximum current, , supported by the 
conductor used in the secondary winding

Pi

maxi
*, i.e.,  

 
( )20maxiXVi LP <=

 
As higher the value of  the lower the current 
intensity across the secondary. Since in the set-up 
shown in Fig.2 we have , then 
we concluded that  

LX

voltsV 220max =

 

( )21220

maxi
X L >   

 
           Now, consider the case in which the 
metallic disc is made iron ( 250=rμ

†, 
, ) 

with  thickness, subjected to a voltage V  
with frequency . In this case the Eq. 
(13) gives 

mS /1005.1 7×=σ 3/7874 mkg=ρ
mm2

Hzf 60=
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Equation (18) tells us that if, for 
example, , then the value of V  
reduces to 

Lr XR 12=
voltsV 9.16= . In this case, Eq. (22) 

shows that the gravitational mass of the 
disc, , reduces to (discgm )

 
( ) ( ) ( )238.0 0 discidiscg mm ≅

 
This means that the initial gravitational mass of 
the disc, measured by the balance 

( ) ( )( )discidiscdiscg mgPm 0== , is reduced of 
about 20%. 
          On the other hand, if voltsV 50= ,  the 
gravitational mass of the disc, according to Eq. 
(22), is then strongly reduced becoming negative 
and given by 
 

( ) ( ) ( )249.4 0 discidiscg mm −≅
 
                                           
* In the case of wire #12 AWG, . Ai 10max ≅
† Without current in the coil. 

          In the case of an Aluminum disc 
( 1=rμ , , ), 
with  thickness, the Eq. (13) gives  

mS /105.3 7×=σ 3/2700 mkg=ρ
mm2
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Compare this equation with Eq. (22). Note that 
they supply close results for the same values of 

.  V
          If voltsV 50=   the gravitational mass of 
the disc, according to Eq. (25), will be given by  
 

( ) ( ) ( )268.5 0 discidiscg mm −≅  
 
In the case of voltsV 220=  ( 0)=rR  the 
gravitational mass of the disc becomes 
 

( ) ( ) ( )274.164 0 discidiscg mm −≅
 
Obviously, the mass of the disc holder, , 
shown in the Fig.2, must be greater than  this 
value, i.e., . This value 
defines then the weighing capacity of the balance 
shown in Fig.2. 

holderm

( )disciholder mm 04.164>

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 4
 

                                                                                                  Metallic Disc (μr, σ, ρ) ( mml 2= ) 
                                                                                                                                 

                                                                                                                                                 
                                                                                                                                           

                                                  Digital  Balance                                                                                   
                                                      50kg-1g                                                                           
                                                                                                                                                
                                                                                                                                      Rr 
                                               
                                                                                                                                       
                                                                                                                                                         
                                                                                                                                      

                                                                                                                                                     220 V
                                                                                           S                                                   f = 60Hz
                                                                           
                                                                           
                                                                                                      

                                                                                    
                                                                                                                              AC voltage source 
                                                                                                                                 220V 
                                                                                                                                f = 60 Hz 

                                                   
                                                     Equivalent electrical circuit of the set-up 

 Fig. 2 -  Experimental set-up to check the Gravitational Mass of metallic discs subjected to        
              alternating voltage V with frequency Hzf 60= .  
                                          

Transformer
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INTRODUCTION

            In a previous paper [1] we shown that there is a correlation between the gravitational mass,
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 is the variation in the particle’s kinetic momentum; 
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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 
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 are the instantaneous values of the electric field and the magnetic field respectively.


       It is known that
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where  
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  is     the    real part of the propagation vector 
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). From Eq. (3), we see that the index of refraction  

[image: image25.wmf]v


c


n


r


=


  is given by



[image: image26.wmf](


)


(


)


4


1


1


2


2


÷


ø


ö


ç


è


æ


+


+


=


=


we


s


m


e


r


r


r


v


c


n


 Equation (3) shows that 
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 Then, Eq. (2) can be rewritten as follows
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The Ohm's vectorial Law tells us that
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Then, we can write that
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By substitution of Eq. (12) into Eq.(10), we get
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          In this paper it is proposed a very simple experimental set-up to check the decreasing of the Gravitational Mass in Metallic Discs subjected to an alternating voltage 
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 of extremely low frequency (See Fig.2). 

SUGGESTED EXPERIMENT

          Consider the experimental set-up showed in Fig.2. Basically it is an electrical transformer where the secondary winding is coupled to a metallic disc with 
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          Since the number of turns in both windings is the same, i.e., 
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 is the electrical resistance of the potentiometer. Therefore, we can write that 
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On the other hand, we can write that



[image: image72.wmf](


)


16


P


P


S


S


S


P


Z


V


Z


V


i


i


=


=


=




Where 

[image: image73.wmf]V


V


V


S


P


=


=


 and 

[image: image74.wmf]L


P


S


X


Z


Z


@


=


. Thus, we get




[image: image75.wmf](


)


17


L


P


X


V


i


=


          

By comparing  Eq.(17) with Eq.(15), we obtain 
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In the equation above  
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 is the number of turns in each winding, i {\displaystyle i} 
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          Note that, in the Eq.(18), if 
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As higher the value of 
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 the lower the current intensity across the secondary. Since in the set-up shown in Fig.2 we have 

[image: image93.wmf]volts


V


220


max


=


, then we concluded that 



[image: image94.wmf](


)


21


220


max


i


X


L


>


 

           Now, consider the case in which the metallic disc is made iron (
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Equation (18) tells us that if, for example,
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This means that the initial gravitational mass of the disc, measured by the balance 
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, is reduced of about 20%.

          On the other hand, if 
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,  the gravitational mass of the disc, according to Eq. (22), is then strongly reduced becoming negative and given by
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          In the case of an Aluminum disc (
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Compare this equation with Eq. (22). Note that they supply close results for the same values of 
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In the case of 
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Obviously, the mass of the disc holder,
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, shown in the Fig.2, must be greater than  this value, i.e., 

[image: image123.wmf](


)


disc


i


holder


m


m


0


4


.


164


>


. This value defines then the weighing capacity of the balance shown in Fig.2.
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� In the case of wire #12 AWG, � EMBED Equation.3  ���.



� Without current in the coil.
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