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Abstract 
All charged particles possess electrostatic field energy. The gravitational accel-
eration generated by this energy form has been theoretically predicated but to 
date it has not been experimentally confirmed. We show how a hollow electri-
cal insulator with electrons inside the hollow space can be employed in a tor-
sion balance instrument to measure this effect. 
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1. Introduction 

There are three interrelated principles of equivalence [1]. Galileo’s principle of 
equivalence maintains that all bodies fall with the same acceleration. That is, the 
acceleration of gravity does not depend upon the physical properties of the fall-
ing body. Newton’s principle of equivalence states that inertial mass equals grav-
itational mass. Einstein’s principle of equivalence states that no experiment can 
distinguish between an accelerated coordinate system and gravitational acceler-
ation. 

In 1905 Einstein demonstrated that not only mass, but also energy possesses 
inertia [2]. In 1911, he realized that not just mass but also energy gravitates [3]. 
This realization raises the fundamental question: How do the different forms of 
energy gravitate? 

All charged particles posses electrostatic field energy. We showed that general 
relativity leads to the result that this form of energy gravitates repulsively [4]. Spe-
cifically, we found that the gravitational repulsion associated with the electrostatic 
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field energy of charged particles depends upon both the charge and mass of the 
gravitating charged particles. This circumstance means that charged particles vi-
olate the principles of equivalence. 

Recently, we demonstrated that the electric field energy in atoms leads to the 
conclusion that the atoms of each element experience a different gravitational ac-
celeration than the atoms of all other elements [5]. Since bulk matter consists of 
atoms, it follows that a bulk body made of an element will experience a different 
gravitational acceleration than another bulk body made of a different element. 
Consequently, the principles of equivalence are not valid. In [6], we applied the 
basic equations in [4] and [5] to demonstrate that ball lightning may be a mani-
festation of the gravitational effect of electrostatic field energy. 

The above results are based on the equations of General Relativity. However, 
the gravitational effect of electrostatic field energy has to date not be experimen-
tally confirmed. An attempt to measure the gravitational acceleration of electrons 
was carried out by [7]. They found that the electrons do not fall at all in their 
apparatus, a result that they attributed to a gravity induced electric field in their 
apparatus. Following this first attempt [8] pointed out the many experimental 
problems in determining the gravitational acceleration of charged particles. [9] 
suggested many of the experimental problems could be avoided, if the experiment 
was carried out in outer space. [10] proposed that the gravitational forces due to 
electrostatic and magnetic fields in General Relativity are much stronger than 
those we calculated. They suggested the use of a freely hanging capacitor to test 
them. None of these previous publications suggested our approach, the employ-
ment of a torsion balance instrument, to determine the effect of electrostatic field 
energy on gravitational acceleration. 

2. Torsion Balance Instrument 

One of the most accurate experiments to test the possible violation of the princi-
ples of equivalence is described in [11]. Using a continuously rotating torsion bal-
ance instrument they were able to determine the differential acceleration in any 
direction between beryllium and titanium down 8.8 × 10−15 m/s2. 

We suggest employing a similar experimental set up to determine the gravita-
tional effect of electrostatic field energy. In contrast to [11] our experiment does 
not need to rotate since we are interested only in the gravitational acceleration 
caused by Earth. Specifically, we suggest employing two equally constructed test 
bodies. Each test body will consist of an electrical conducting hollow body, which 
contains a hollow electrical insulator inside the hollow space. By equally con-
structed we mean the bodies will be made out of the same material, possess the 
same mass and have the same shape. It is manifest that these two test bodies will 
experience the exact same gravitational acceleration. 

The next step is to pump electrons into the hollow space of the insulator of one 
of the test bodies. According to Galileo’s principle of equivalence, which main-
tains that gravitational acceleration is independent of the physical properties of 
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falling bodies, these two test bodies will still experience the exact same gravita-
tional acceleration. In contrast, General Relativity predicts that due to the gravi-
tational effect of electrostatic field energy of the electrons in the hollow space of 
the insulator, the test bodies will indeed not experience the same gravitational ac-
celeration. Specifically, the test body that contains the electrons in the hollow 
space of the insulator will experience a smaller gravitational acceleration because 
electrostatic field energy gravitates repulsively. 

2.1. Basic Equations 

According to Einstein energy gravitates, so both the electrostatic field energy as 
well as the gravitational field energy associated with charged particles must grav-
itate. Their effect on the gravitational acceleration experienced by charged parti-
cles, Eg , is given by Equation (7) in [4]: 

2 2

2 2 2 2

2

2 2

31
2

3 31
2

N

E

e Gm GM r g
c mr c r c c

g
GM r
c r c

 
− − − − 

 =
+ +





              (1) 

G  is the gravitational constant, e  the charge of the particle, c  is the speed of 
light, m  the mass of the particle experiencing gravitational acceleration,  
M m , r  is the distance to the center of M  and and r  is the radial velocity 
of m , which we set equal to zero because we are only interested in the gravitational 
effect of electrostatic field energy. 

According to the above equation for an electron of mass, em , on the surface of 
the earth, the effect of its electrostatic field energy on the gravitational acceleration 
is: 

2
22

2 4.4 10e N N N
e

eg g g g
m c r

η−= − = − × = −              (2) 

which is the classical electron radius divided by the radius of the earth, r ,  

multiplied by 2N
GMg
r

= − , the Newtonian acceleration of gravity. 191.6 10e −= ×   

is the charge of an electron. It is important to note that 0eg >  because 0Ng < , 
which means that electrostatic field energy gravitates repulsively. For convenience 
we define: 224.4 10η −= × . 

If an electrically charged body of mass, m , contains n  electrons, it follows 
from the above equations that the contribution of the electrostatic field energy, 

Eg , to the gravitational acceleration is: 
2

E e
ng g
m

=                          (3) 

Our task is the determine how many electrons in the hollow space of the insu-
lator are required for the gravitational effect of electrostatic field energy to be de-
tectable in a torsion balance instrument. To accomplish this task we employ Equa-
tion (3). 
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Eg  in Equation (3) is the contribution of the electrostatic field energy to the 
gravitational acceleration of the test body that contains electrons in the hollow 
space of the insulator. n is the number of electrons in the hollow space. m is the 
mass of this test body (mass of conducting outer shell, csm  + mass of insulator 
shell, ism  + mass of electrons added, n ). m is in units of electron mass. So we 
must convert csm  and ism  in kilograms to electron mass units by dividing them 
by the electron mass in kilograms, 319.1 10em −= × . 

cs is

e

m mm n
m
+

= +                        (4) 

The test body, which does not contain additional electrons, experiences the 
Newtonian gravitational acceleration, Ng . The torsion balance instrument mea-
sures the difference in gravitational acceleration between these two test bodies. 
This difference is Eg . There is however a limit to the precision, δ , any experiment 
can achieve. By δ  we mean the smallest difference in the gravitational accelera-
tion between the two test bodies that can be detected. Clearly, Eg δ≥ . 

2.2. Test Bodies 

For simplicity of calculation we assume both conductors and insulators are perfect 
spherical shells of uniform density, located in a vacuum meaning we do not have 
to worry about breakdown in air. In this section we calculate the range of radii 
and masses of the test bodies that will allow us to detect the gravitational effect of 
electrostatic field energy in a torsion balance instrument as a function of the num-
ber of electrons, n , in the hollow space of the insulator. As depicted in Figure 1 
our test bodies have four sections: (1) hollow space inside the insulator shell (2) 
insulator shell (3) gap between the insulator shell and the conducting shell (4) 
conducting outer shell. We discuss the physical properties of each section sepa-
rately. 

 

 
Figure 1. Test body configuration. 
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2.2.1. Hollow Space 
Inserting Equation (2) into Equation (3) we obtain: 

2

E N
ng g
m

η= −                         (5) 

Because 224.4 10η −= ×  is a very small number it is clear from the above equa-
tion that n must be large in order for Eg  to be detectable. Consequently, we need 
to maximize the number of electrons in this space to insure the detectability of the 
gravitational acceleration caused by the electrostatic field energy of the electrons. 

The pertinent quantities of the hollow space are: n , number of electrons in 
this hollow space and R , radius of the hollow space, which is also the inner ra-
dius of the insulator. The maximum number of electrons is limited by the electric 
field at the inner surface of the insulator shell, which must not exceed the dielectric 
breakdown, maxE , of the insulator shell. From the theory of electrostatics the 
maximum allowable electric field, E , at the surface of the insulator is: 

max2 2
0

1
4

Q nE E
R R

µ
= = =

π
                   (6) 

where the charge, Q , is: Q ne=  and 
04

eµ =
π

. 

n  is the primary factor in determining the effect of the gravitational accelera-
tion, Eg , caused by the electrostatic field energy of the electrons in the hollow 
space of the insulator. So we rearrange the above equation to obtain an expression 
for n . 

2
max

1n R E
µ

=                         (7) 

2.2.2. Insulator Shell 
As the previous section makes clear the number of electrons in the hollow space 
is large. Consequently, there will be strong electric fields at the boundary of the 
hollow space. We therefore suggest that the space that contains the electron gas 
be bounded by an insulator. If there is no insulator then field emission, discharge, 
electronic tunneling into the conductor or even runaway charge loss could occur. 
An insulator avoids these possibilities. 

Equation (7) shows that maxn E∝ . We need n  to be large. Therefore, we re-
quire that the dielectric strength, maxE , be as large as possible. Among the com-
mon insulators with the highest dielectric strengths (Teflon, quartz, fused silica, 
diamond) quartz has the highest value: 9

max 1 V0 mE = . So baring other consid-
erations, we suggest employing quartz in our proposed experiment to determine 
the gravitational effect of electrostatic field energy. 

We need to compute the properties of the insulator shell (mass, radius and vol-
ume) as a function of the number of electrons in the hollow space it encloses. The 
mass of the insulator shell is determined by the density, 32650 kg mqρ = , inner 
radius and width of the shell. The inner radius is the radius of the hollow space 
enclosed by the insulator, R, which we now denote as qR  because we have deter-
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mined that the insulator should be made out of quartz. It depends upon the num-
ber of electrons in the hollow space. Rearranging Equation (7) gives of an equation 
for qR . 

max
q

nR
E
µ

=                          (8) 

The expressions for the volume and mass of the insulator depend upon the 
width of the insulator. What should the width of the insulator, Δ qR , be? At the 
outer edge of the insulator is a gap. Therefore, the electric field at the outer edge, 

Δq qR R+ , of the insulator should be below the vacuum breakdown, vacE . Gauss’s 
Law states: 

( )vac 2
Δq q

nE
R R

µ
=

+
                      (9) 

Solving this equation for Δ qR  yields: 

vac

Δ q q
nR R

E
µ

= −                       (10) 

Inserting qR  from Equation (8) into the above equation yields Δ 0qR = . This 
result means that Δ qR  is small. Experience shows that it can be just a few mil-
limeters. 

The equations for the volume and mass of the quartz insulator are: 

( )( )3 3 3 2

max max

4 1Δ 4 Δ Δ Δ
3 3q q q q q q q

n nV R R R R R R
E E
µ µ 

= π + − = π + +  
 

    (11) 

3 2

max max

14 Δ Δ Δ
3q q q q q q q

n nm V R R R
E E
µ µρ ρ

 
= = π + +  

 
         (12) 

2.3. Gap 

We suggest the presence of a vacuum gap between the insulator and the conducting 
shell for the following reasons. Even though the insulator is not charged, the 
charges in the electron gas create an electric field that would extend through the 
insulator to the conductor interface, if there were no gap. At that interface, field 
intensification can still occur due to: field focusing, local surface imperfections 
and permittivity boundary effects. The existence of the gap will allow the conduct-
ing shell to induce exactly the right charge on its inner surface to cancel the electric 
field from the electrons in the hollow space of the insulator. Consequently, the 
outer surface will remain field-free, which is the primary reason for having a con-
ducting shell. We now turn to answering the question: What is an appropriate gap 
width? 

The width of the gap, wg , must be large enough to prevent dielectric break-
down of the vacuum. Specifically, the gap between the quartz shell and the con-
ductor shell must be large enough to avoid field emission, corona discharge, or 

https://doi.org/10.4236/jmp.2025.1610071


C. H. McGruder III 
 

 

DOI: 10.4236/jmp.2025.1610071 1471 Journal of Modern Physics 
 

tunneling effects. We can estimate the minimum gap width, wg , by employing 
the equation: 

Al vac
w

n ng
E E
µ µ

= −                      (13) 

where AlE  is breakdown threshold of aluminum. In the next section we discuss 
the reason we suggest aluminum. 

2.4. Conducting Shell 

In order to eliminate the prodigious electric fields, 9 V m10E ≈ , outside the in-
sulator, which would not allow the high precision required, we suggest encompass-
ing the insulator and gap in a conducting shell. Remembering that 1

Eg m−∝ , it 
is important to choose material for the conducting shell so that m is as small as 
possible. We therefore suggest aluminum, which has the lowest density  

32700 kg mAlρ = , among the common conductors. We now turn to the questions: 
What should the width, volume and mass of the aluminum shell be? 

The aluminum shell has two radii that are needed to compute the volume and 
mass of the aluminum shell. They are: AliR  and AloR , which are the inner and 
outer radius respectively. We have: 

Ali
max Al vac

Δ Δq q w q
n n nR R R g R

E E E
µ µ µ

= + + = + − +          (14) 

For quartz: 9
max 10 V mE =  and 9

vac 10 V mE = . So the above equation re-
duces to: 

Ali
Al

Δ q
nR R

E
µ

= +                       (15) 

for the outer radius of the aluminum shell: 

Alo Ali Al Al
Al

Δ Δ Δq
nR R R R R

E
µ

= + = + +              (16) 

where AlΔR  is the thickness of the aluminum shell. Like the thickness of the in-
sulator AlΔR  is just a few millimeters. 

The mass is obtained from the volume, AlV , and density, Alρ . That is: 

( )
3 3

3 3
Al Alo Ali Al

Al Al

4 4 Δ Δ Δ
3 3 q q

n nV R R R R R
E E
µ µ     = π − = π + + − +           

   (17) 

3 3

Al
Al Al Al Al

Al Al

4 Δ Δ Δ
3 q q

n nm V R R R
E E

ρ µ µρ
    π  = = + + − +           

     (18) 

2.5. Determination of the Properties of the Test Bodies 

We recall that Eg δ≥ . Eg  is the gravitational acceleration generated by the 
electrostatic field energies of the electrons located in the hollow space of the quartz 
insulator. The precision, δ , is the smallest difference in the gravitational accel-
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eration between the two test bodies that can be detected. 
First, we calculate the Eg  required for the gravitational effect of the electrostatic 

field energy of the electrons in the hollow space of the quartz insulator to be de-
tectable. It is a function of the number of electrons, n , that are in this hollow 
space. To accomplish this task we insert Equation (4) into Equation (3), whereby 

is qm m=  and Alcsm m=  because we have determined that the insulator should 
be quartz and the conductor aluminum. 

2

Al
E N

q

e

ng gm m
n

m

η
= −

+
+

                    (19) 

Insertion of expressions for qm  from Equation (12) and for Alm  from Equa-
tion (18) into the above equation gives us an explicit connection between the grav-
itational acceleration, Eg , caused by the electrostatic field energies of the hollow 
space electrons and n , the number of electrons in the hollow space. The calcu-
lated Eg  is also the precision, δ , required for the gravitational effect of the elec-
trostatic field energies of n electrons to be detectable. 

2

3 3
3 2 Al

Al
max max Al Al

414 Δ Δ Δ Δ Δ Δ
3 3

E N

q q q q q q

e

ng g
n n n nR R R R R R

E E E E
n

m

η

ρµ µ µ µρ

= −
      π  π + + + + + − +                  +

 (20) 

Figure 2 is a plot of ( )10Log Eg  or ( )10Log δ  vs. ( )10Log n  calculated from 
the above equation, where Eg  and δ  are in m/s2. In order to construct it, we 
assumed that Al 0.005 mqR R∆ = ∆ = . 

 

 
Figure 2. Gravitational acceleration and precision. 

 
Figure 3 shows the mass, ( )10Log qm , in kilograms of the quartz shell (Equation 

(12)) as a function of ( )10Log n . 
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Figure 3. Quartz shell mass. 

 
Figure 4 shows the mass, ( )10 AlLog m , in kilograms of the aluminum shell 

(Equation (18)) as a function of ( )10Log n . 
 

 
Figure 4. Mass of aluminum shell. 

 
Figure 5 depicts the inner radius, ( )10Log qR , in meters of the quartz shell in 

meters (Equation (8)) as a function of ( )10Log n . qR  is also the radius of the 
hollow space that contains the electron gas. 

 

 
Figure 5. Inner radius of quartz shell. 
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Figure 6 shows the outer radius, ( )10 AloLog R , in meters of the aluminum shell 
(Equation (16)) as a function of ( )10Log n . 

 

 
Figure 6. Outer radius of aluminum shell. 

 
Finally, Figure 7 depicts the width of the gap, wg , in meters (Equation (13)) as 

a function of ( )10Log n . 
 

 
Figure 7. Gap width. 

2.6. Feasibility 

In this section we derive what the precision, δ , must at least be in order to detect 
the effect of the gravitational acceleration caused by electrostatic field energy. We 
also derive the number of electrons, n , in the electron gas and the properties of 
the quartz and aluminum bodies (mass and radius) that are required in order to 
insure that the proposed experiment is feasible. 

First, we explore, if our test bodies could fit in the [11] experiment, which is 
currently operating. This experiment achieves: 15 28.8 10 m sδ −= ×  or  

( )10Log 14.1δ = − . Remembering that Eg δ≥  it follows that Eg δ=  is the min-
imum value Eg  must have in order for the gravitational acceleration caused by 
electrostatic field energy to be detectable. Because all physical properties of our 
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test bodies are a function of n , the next step is to solve Equation (20) for n in 
order to derive the physical characteristics of our test bodies. However, it is a tran-
scendental equation and is therefore, not algebraically solvable. From Figure 2 or 
more directly from Equation (20) we see that 158.8 10Eg δ −= = ×  corresponds to: 

21.7 2110 5 10n = = ×  electrons. Starting with this value we employ our equations to 
derive the other properties of the system. 

84.9 mqR =  (Equation (8)), 61.2 kg10qm = ×  (Equation (12)),  
7

Al 1.2 kg10m = ×  (Equation (18)), Alo 268.5 mR =  (Equation (16)). Clearly, such 
high values means the current experiment can not determine the gravitational ac-
celeration due to the electrostatic field energies of electrons in the hollow space of 
such a test body. These values also tell us, what is required to detect the effect if 
the precision is 158.8 10δ −= × . 

It appears that the experiment is only feasible, if it is possible to decrease by 
orders of magnitude the value of δ , which is the smallest difference in the grav-
itational acceleration between the two test bodies that can be detected. In order to 
see about what the precision must be for laboratory masses, we assume 20 gm =  
in Equation (3). The expression for m  is: 

Alq em m m nm= + +                      (21) 

Inserting Equations (12) and (18) into the above equation leads to m  in kilo-
grams: 

3 2

max max

3 3

Al
Al

Al Al

14 Δ Δ Δ
3

4 Δ Δ Δ
3

q q q q

q q e

n nm R R R
E E

n nR R R nm
E E

µ µρ

ρ µ µ

 
= π + +  

 
    π  + + + − + +           

      (22) 

The numerical solution for 20 gm =  is: 114.8 10n = × . This value of n leads to: 
0.84 mmqR =  (Equation (8)), 2.2 gqm =  (Equation (12)), Al 17.8 gm =   

(Equation (18)), Alo 12.6 mR =  (Equation (16)). Finally, we calculate the crucial 
quantity, Eg  by inserting the value for 114.8 10n = ×  in Equation (20). We ob-
tain: 264.6 10Eg −= × . So the precision must be no larger than  

264.6 10Egδ −= = ×  to detect the effect of the gravitational acceleration caused by 
the electrostatic field energy of electron gas containing 114.8 10n = ×  electrons. 

This value of 264.6 10Egδ −= = ×  may not be achievable. In order to detect this 
effect with a δ  value larger than this value one must increase all of the physical 
quantities associated with the test bodies. Specifically, Figure 2 shows that if we 
increase the value of Eg  and correspondingly δ  then the values of all the prop-
erties of the test bodies must increase too as Figures 3-6 make graphically clear. 
We conclude it may not be possible to perform this experiment with laboratory 
size test bodies. 

We have shown how critically important the precision, δ , is for the success of 
our experiment. To emphasize this point in Table 1, we list the physical properties 
of the test bodies as a function of δ . 
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The success of our proposal depends upon over coming practical challenges. 
(1) dielectric breakdown of the quartz insulator: This can be mitigated with the 
use of ultra-pure quartz. (2) charge instabilities: This may be mitigated by em-
ploying hybrid Penning geometry. (3) vacuum issues: mitigation through cry-
opumping, ion getters, or a multi-stage vacuum chamber. (4) Emission: This can 
be mitigated through the use of ultra-polished quartz. Finally, we note the major 
source of false effects in a torsion balance experiment comes from gravity gradi-
ents, which are thoroughly discussed in [12]. 

 
Table 1. Test body properties. 

Log10(δ) Log10(n) Log10(mq) Log10(mA1) Log10(Rq) Log10(RA1) 
−14 21.83 6.21 7.22 1.99 2.49 
−15 20.83 5.21 6.22 1.49 1.99 
−16 19.83 4.21 5.22 0.99 1.49 
−17 18.84 3.22 4.23 0.50 1.00 
−18 17.84 2.22 3.23 0.00 0.50 
−19 16.84 1.23 2.23 −0.50 0.00 
−20 15.85 0.25 1.26 −1.00 −0.48 
−21 14.89 −0.67 0.34 −1.48 −0.94 
−22 13.99 −1.46 −0.46 −1.93 −1.32 
−23 13.19 −2.04 −1.07 −2.33 −1.60 
−24 12.50 −2.41 −1.46 −2.67 −1.78 
−25 11.88 −2.61 −1.70 −2.98 −1.88 

3. Conclusions 

The general objective of this work is to suggest an experimental set up, which will 
demonstrate that gravitational repulsion exists. Since Newton published his the-
ory of gravitation in 1687 it is believed that gravity is only an attractive force unlike 
the electric force, which can be either attractive or repulsive. However, in 1916 
first Drude and then Hilbert independently noticed that in Einstein’s theory of 
gravitation, gravity can also act repulsively. The history of this discovery is in [13]. 
It has been well over a century since this discovery, yet the vast majority of scien-
tists firmly believe that gravity is only an attractive force. The primary reason for 
this circumstance is that gravitational repulsion has to date not been experimen-
tally confirmed. 

The specific objective of this work is to outline an experiment to confirm that 
electrostatic field energy gravitates repulsively as is predicted by General Relativ-
ity. We suggest constructing a torsion balance instrument in which the difference 
in the gravitational acceleration of two test bodies of same shape, same material 
and equal mass is measured. Each test body consists of a hollow insulator sur-
rounded by a conducting shell with a gap in between. After confirming that there 
is no difference in the gravitational acceleration between the two test bodies, the 
hollow space of one of the test bodies is filled with electrons. Then the difference 
in the gravitational acceleration between the two bodies is determined. The dif-
ference is caused by the gravitational effect of the added electrons. 
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The equation, which gives the difference in the gravitational acceleration be-
tween the two test bodies, is Equation (3). The successful execution of this exper-
iment will determine the left side of this equation, that is Eg , the gravitational 
acceleration due to electrostatic field energy. But this quantity is equal to the right 
side of Equation (3), which contains only three quantities. Two of these quantities, 
n  and m  are known. Therefore, determining Eg  leads to a determination of 

eg  the gravitational acceleration experienced by a single electron due to its elec-
trostatic field energy. 

The history of gravitational waves is similar to gravitational repulsion. In 1916, 
the discovery year of gravitational repulsion, Einstein predicted the existence of 
gravitational waves [14]. Like gravitational repulsion there were doubts about 
their existence. In fact, even Einstein along with Rosen submitted a paper to the 
Physical Review, in which they argued that gravitational waves do not exist. It was 
not until 2015 that gravitational waves were detected, almost 100 years after they 
were first predicted. 

The successful carrying out of this experiment will demonstrate that gravity can 
also act repulsively and dispel the notion that has existed for almost 340 years that 
gravity is only an attractive force. 
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