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We first present the salient features of the gravitational time dilation and redshift effects in two ways; by 
considering the oscillation frequencies/rates of clocks at different heights/potentials and by considering 
the photons emitted by these clocks such as atoms/nuclei. We then point out to the extension of these 
gravitational effects to static electricity along with two experiments performed in the ’30s with null 
results of the electrostatic redshift. We show that the absence of this redshift is a consequence of the 
conservation of electric charge. We discuss the electrical time dilation and redshift effects in detail and 
argue that the electrostatic time dilation in an electric field must be a fact of Nature. We then present a 
general relativistic scheme that explains this effect. We also introduce an electrical equivalence principle 
analogous to the gravitational one and demonstrate how to obtain the electrostatic time dilation by this 
principle. We emphasize the importance of ionic atomic clocks to measure this effect whose confirmation 
would support the general relativistic scheme presented. We finally go over an attempt in the literature to 
explain the impossibility of the experimental observation of the electrostatic redshift due to its smallness 
by employing the Reissner - Nordström metric in general relativity. We argue that the Q 2 - term in this 
metric is due to the minuscule contribution of the energy of the electric field of the central body to its 
gravitational field. Thus being gravitational, this metric cannot be used to calculate the amount of the 
alleged electrostatic redshift.

© 2020 The Author. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
1. Introduction

That time passes differently at different heights or potentials 
in a gravitational field is called the gravitational time dilation. The 
time intervals between two events measured by observers located 
at different altitudes from a gravitational source, a large mass, hap-
pen to be different. Time passes faster, in other words, the rate of a 
clock, namely its oscillation frequency, increases as it gets located 
farther from a gravitating source. The effect was first predicted by 
Einstein [1,2] and was experimentally verified indirectly by means 
of the Mösbauer effect in [3,4] and directly in [5,6] by readings of 
the airborne and earthbound atomic clocks, and in [7,8] by com-
paring the frequencies of microwave signals from hydrogen maser 
clocks in a rocket at a high altitude and at an Earth station. The 
precision of these experiments were improved recently by mea-
suring the frequencies of the onboard hydrogen maser clocks in 
Galileo Satellites of the European Space Agency [9,10]. It was re-
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ported in [11] that time dilation due to a change in height less 
than a meter could be detected by comparing two optical clocks 
based on 27 Al+ ions.

A directly related concept is the redshift of light in a gravita-
tional field [29]. Usually, it is defined as the lengthening (shorten-
ing) of the wavelength (frequency) of light as it moves away from 
a massive body such as the Earth. Light is thought to lose energy 
as it reaches higher altitudes in a gravitational field due to its in-
teraction with the field [12–15]. However, as it has been pointed 
out in [16] and emphasized in [17], light does not actually inter-
act with the gravitational field and lose energy as it moves up to 
higher potentials. This is because light, strictly speaking, does not 
have a gravitational mass and thereby cannot be assigned a poten-
tial energy. What happens in reality is that the frequency of light 
emitted by an atom (or a nucleus) at a lower gravitational poten-
tial is smaller than the frequency of light emitted by an identical 
atom/nucleus at a higher potential [17].

Certain similarities between classical gravitational and electric 
fields lead one naturally to question if a similar effect might take 
place in a static electric field. Long before the experimental confir-
mation of the gravitational effect, this possibility was exercised and 
found that light does not undergo an actual frequency change as it 
under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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moves in a static electric field from a low potential to a higher one 
or vice versa [18]. An interferometer was used to compare the fre-
quencies of light before and after traveling in a static electric field. 
A second experiment ended up with the same null conclusion [19]. 
There was no attempt in these works to define and discuss the 
electrostatic redshift of light. An endeavor to explain the null results 
of these experiments theoretically was presented in [20] by em-
ploying the Reissner-Nordström metric in general relativity.

The purpose of the present work is to discuss, to our knowledge 
for the first time in the literature, the effects that occur in a static 
electric field similar to those of the gravitational ones. To this end, 
we first expound the gravitational effects and then extend them to 
their electrical analogues. We present a general relativistic scheme 
that predicts the electrical effects too. We demonstrate that the 
electrostatic effects can also be obtained from an electrical equiva-
lence principle. We propose an experiment with two 27 Al+ ions at 
different potentials in an electric field to measure the electrostatic 
time dilation effect. Finally, we argue that the Reissner - Nord-
ström - treatment of the electrostatic redshift in [20] to explain 
the null results of the electrical redshift experiments reported in 
[18,19] involves a conceptual error and is irrelevant to electrical 
redshift.

2. Review of the gravitational effects

Let us consider an atom of mass m at a height H0 in a static 
gravitational field like that of the Earth. Taking this height as the 
reference level for the gravitational potential, the energy of the 
atom is

E(0) = mic
2, (1)

in its ground state, and

E∗(0) = mic
2 + E = m∗

i c2, (2)

in an excited state, denoted by a superscript ∗ , whose energy ex-
ceeds that of the ground state by E . Raising the atom by a height 
H changes the energy levels to

E(H) = mic
2 + mp g H, (3)

in the ground state, and to

E∗(H) = m∗
i c2 + m∗

p g H, (4)

in the excited state, where g ≈ 9.80 m/s2 is the local value of the 
gravitational acceleration on the surface of the Earth, mi and mp

are the inertial and passive gravitational masses. Here m∗
i and m∗

p
are the excited masses of the atom and are given by

m∗
i = mi + E

c2
.

m∗
p = mp + E

c2
. (5)

As a result of this raising, the oscillation frequency f = E/h of the 
atom changes from f (0) to f (H) in the ground state, and from 
f ∗(0) to f ∗(H) in the excited state, where h is the Planck constant. 
These frequencies at different altitudes are related to each other in 
the ground and excited states, respectively as

f (H) = f (0)

(
1 + mp

mi

g H

c2

)
= f (0)

(
1 + g H

c2

)
,

f ∗(H) = f ∗(0)

(
1 + m∗

p

m∗
g H

c2

)
= f ∗(0)

(
1 + g H

c2

)
, (6)
i

where we have used mp/mi = m∗
p/m∗

i = 1. Therefore, the fractional 
changes in the oscillation frequencies due to this raising are given 
by

δ f

f (0)
= f (H) − f (0)

f (0)
= g H

c2
,

δ f ∗

f ∗(0)
= f ∗(H) − f ∗(0)

f ∗(0)
= g H

c2
, (7)

which are the same both in the ground and excited states. No-
tice that g H in these equations and what follows is equal to the 
change �φg = φg(H) − φg(0), where φg is the gravitational poten-
tial. We note that these fractional changes are equal to the ratio of 
the work done against gravity by the external agent in raising the 
masses m and m∗ by H , to their rest energies. Taken as a frequency 
reference, such an atom can be considered as a clock whose rate, 
its oscillation frequency, is faster the higher the height H is. Thus, 
the time intervals measured by such a clock are proportional to its 
oscillation frequencies and are given by [30]

�T (H) = �T (0)

(
1 + mp

mi

g H

c2

)
= �T (0)

(
1 + g H

c2

)
,

�T ∗(H) = �T ∗(0)

(
1 + m∗

p

m∗
i

g H

c2

)
= �T ∗(0)

(
1 + g H

c2

)
, (8)

which indicate how such atoms/clocks age. Thus we find out that 
atoms at higher altitudes, or higher potentials, age faster than 
those at lower altitudes from the gravitating source by a fractional 
change

δ�T

�T (0)
= δ�T ∗

�T ∗(0)
= g H

c2
= �φg

c2
. (9)

As we will now show, the same results can be obtained by 
considering the photon emissions in the excited states. An excited 
atom at height 0 whose energy is as in Eq. (2) may make a transi-
tion to the ground state by emitting a photon of frequency

ν(0) = E∗(0) − E(0)

h
= E

h
. (10)

When this photon is directed up, it cannot be absorbed by an atom 
at height H in its ground state whose energy is as in Eq. (3) due 
to the energy deficiency. An energy of E + E g H/c2 is required of 
the photon to excite the atom so that its energy has the value in 
Eq. (4). As has been emphasized in [17], the photon with energy 
E does not lose energy as it moves up in the gravitational field. In 
the experiment [3,4], the extra energy E g H/c2 the photon needs 
to have so as to be absorbed is supplied to it through the Doppler 
effect. The source, the iron - 57 nucleus at height 0, is moved up 
toward the absorber to increase the energy of the photon to

Eγ = E
(

1 + v
c

1 − v
c

)1/2

≈ E + E
v

c
. (11)

This is achieved by adjusting the upward speed of the source, as 
in [3,4], to

v = g H

c
. (12)

As is pointed out in [17], had the photon lost energy as it moved 
up, as is assumed in the wrong interpretation of the gravitational 
redshift, the required Doppler speed would have been twice as that 
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in Eq. (12) [31]. The excited nucleus at H with energy E∗(H) may 
then make a transition to its ground state. The frequency of the 
photon emitted in this transition is

ν(H) = E∗(H) − E(H)

h
= E0 + E0 g H/c2

h

= ν(0)

(
1 + g H

c2

)
, (13)

which is naturally equal to the frequency of the photon absorbed. 
The fractional change δν/ν(0) in the frequencies of the photons 
emitted and the predicted aging of the nuclei at different altitudes 
are, respectively, the same as those in Eq. (7) and Eq. (8).

One may wonder why the photon is still said to undergo a 
redshift even though its energy/frequency does not change as it 
moves up or down in a gravitational field. As is emphasized in 
[17], this is because the energy levels of atoms/nuclei at higher 
altitudes undergo a blueshift, namely their energies increase, rel-
ative to atoms/nuclei at lower altitudes. The photon emitted by 
a nucleus/atom at a lower altitude and absorbed by an identical 
atom/nucleus at a higher altitude is seen by this atom/nucleus 
to be redshifted. This can be understood as follows: The higher-
up-atom/nucleus, the clock, measures the frequency ν(0) of the 
photon when it reaches it as ν̄(H), given by

ν̄(H) = ν̄(0)

(
ν(0)

ν(H)

)

= ν(0)

(
1 − g H

c2

)
, (14)

with a fractional change of −g H/c2, and ν̄(0) = ν(0).
To sum up what we have reviewed so far, our analysis shows 

clearly that (i) the gravitational time dilation effect is due to the 
difference in the total energies of objects when they are at dif-
ferent altitudes in a gravitational field, (ii) the frequency of pho-
tons do not change as they move in a gravitational field, and (iii) 
atoms/nuclei higher up in a gravitational field whose energies are 
blushifted see the photons emitted by atoms/nuclei lower down in 
the field as redshifted.

3. Gravitational time dilation from general relativity

As is well known, the gravitational time dilation effect can be 
obtained from the Schwarzschild line element

ds2 = −
(

1 − 2GM

c2r

)
c2dt2 +

(
1 − 2GM

c2r

)−1

dr2 + r2dθ2

+ r2sin2θdφ2, (15)

where G is the gravitational constant, M the mass of a spherical 
body, and c the speed of light. The proper time interval dτ for a 
test particle located at the coordinate r is related to its coordinate 
time interval dt by the relation

dτ =
(

1 − 2GM

c2r

)1/2

dt. (16)

The ratio of the proper time intervals for two clocks (test particles) 
at r = R + H and r = R is thus

dτ (R + H)

dτ (R)
= �T (H)

�T (0)

=
(

1 − 2GM
2

)1/2 /(
1 − 2GM

2

)1/2

, (17)

c (R + H) c R
because the two coordinate time intervals are equal. Since the 
height H of the top clock is much smaller than the radius R of 
the Earth and the terms with c−2 are much smaller than 1 the 
above ratio is approximated by

�T (H)

�T (0)
≈

(
1 + g H

c2

)
, (18)

where g = GM/R2. This is the same expression as that in Eq. (8). 
Thus the gravitational time dilation is indeed a prediction of the 
Schwarzschild line element.

4. Electrostatic time dilation and redshift

Next, we undertake the electrical analogues, if they exist, of the 
gravitational effects. To this end, let us consider an electric field 
E in a region of the xy plane directed from right to left in the 
−x axis. Assume there are four identical positively charged atoms 
(cations) in their ground states at a level on the x axis where the 
electrical potential will be taken to be zero. The atoms are pre-
vented from interacting with each other through some mechanism. 
The energies of the atoms at this zero level of potential are given 
by Eq. (1), as in the gravitational case. Then we move one of the 
atoms to the right by a distance d on the x axis. The energy of this 
atom is [32]

E(d) = mic
2 + q|E|d, (19)

where q is the positive charge of the atom. Then, we excite two of 
the atoms by letting them absorb a photon of energy E increasing 
their energy to

E∗(0) = mic
2 + E . (20)

Afterwards, we move one of these excited atoms to the right by 
the same distance d as before. The energy of this atom will be

E∗(d) = mic
2 + E + q|E|d. (21)

The fractional changes in the energies and vibrational frequencies 
are

δE

E(0)
= δ f

f (0)
= q

mi

|E|d
c2

= q

mi

�φe

c2
, (22)

in the ground state, and

δE∗

E∗(0)
= δ f ∗

f ∗(0)
= q

mi

|E|d
c2

(
1 + E

mic2

) ≈ q

mi

|E|d
c2

= q

mi

�φe

c2
, (23)

in the excited state where E/mc2 � 1 has been implemented. Here 
�φe = |E|d > 0 is the electrical potential difference between the 
positions of the two atoms. The lessons learned in our discussion 
of the gravitational case lead us to conclude that the aging of these 
atoms takes place according to

�T (d) = �T (0)

(
1 + q

mi

|E|d
c2

)
,

�T ∗(d) = �T ∗(0)

(
1 + q

mi

|E|d
c2

)
, (24)

which are similar to the gravitational ones in Eq. (8). It should be 
noted that these electrical time dilation effects become contraction 
effects for anions, atoms with a total negative electric charge, for 
�φe > 0. This is an effect with no counterpart in the gravitational 
case due to the absence of negative mass. The excited atoms at 
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x = 0 and at x = d can make a transition to their ground states by 
emitting a photon of frequency

ν(0) = E∗(0) − E(0)

h
= E

h
,

ν(d) = E∗(d) − E(d)

h
= E

h
. (25)

It is no surprise that these frequencies are equal. This is a conse-
quence of the conservation of electric charge. Moving an electric 
charge from one point to another in an electric field by a distance 
d does not change the amount of the electric charge whereas mov-
ing it vertically by a height H in a gravitational field would change 
the gravitational mass by g H/c2.

Let us contemplate a Pound - Rebka - Snider experiment [3,4]
performed in an electric field. The photon of energy E emitted by 
the source/emitter at x = 0, whose energy is as given in Eq. (20), 
will reach the absorber/receiver atom, which is in its ground state 
at x = d whose energy is as given in Eq. (19). The photon can be 
absorbed by this atom without the need to increase its energy by 
a Doppler shift because the mass of the atom plays no role in 
the energy shift in an electric field in contrast with the gravita-
tional case. Having absorbed the photon, this excited atom can in 
turn emit the photon with the same energy E by making a tran-
sition to its ground state. The overall result is null. There is no 
change in the frequencies of the absorbed and emitted photons. 
Thus no electrical redshift! This is also predicted by the electri-
cal analogue of Eq. (14), which would yield ν̄(d) = ν(0). We can 
now understand the null results of the electrical redshift experi-
ments. In [18], light of a certain frequency from an electrodeless 
discharge in mercury vapor was let to travel through a potential 
difference of 50 kV above or below ground. A quartz interferom-
eter kept at zero potential was used to measure the frequency of 
the received light. No change in the frequency of the light was 
detected. This experiment was repeated in [19] by employing a 
potential difference of ±300 kV and the findings in [18] were im-
proved by a factor of ten. Theoretically, these results are expected 
because the energy/frequency of light does not undergo a shift as 
it travels between different electrostatic potentials in an electric 
field, just as what happens in a gravitational field as we have dis-
cussed.

5. Could there be a general relativistic explanation of the 
electrostatic time dilation?

Comparing equations (8) and (24) reveals that the latter can be 
obtained from the former on replacing mp with q, g with |E| and 
H with d. This could be interpreted as the possibility that there 
might exist a general relativistic theory of electromagnetism which 
is very similar to that of gravitation. This theory might be a uni-
fied theory of gravitation and electromagnetism. It might predict 
[21] the spacetime metric outside a spherical body of mass M and 
electric charge Q as

ds2 = −
(

1 − mp

mi

2GM

c2r
+ q

mi

2ke Q

c2r

)
c2dt2

+
(

1 − mp

mi

2GM

c2r
+ q

mi

2ke Q

c2r

)−1

dr2

+ r2dθ2 + r2sin2θdφ2, (26)

where ke is the Coulomb constant and mp/mi = 1. It just follows 
that the proper and coordinate time intervals of a test particle lo-
cated at r are related as
dτ =
(

1 − 2GM

c2r
+ q

mi

2ke Q

c2r

)1/2

dt. (27)

Let us contemplate an experiment with a charged metallic 
sphere with a radius R of few decimeters. Assume that the sphere 
is negatively charged (Q = −|Q |) so that its electric field is di-
rected from the right to the left along the horizontal towards the 
equator of the sphere. The ratio of the proper time intervals for 
two clocks (test particles) located on the equatorial plane at r + d
and r for r > R is thus

dτ (r + d)

dτ (r)
= �T (d)

�T (0)

=
(

1 − 2
q

mi

ke|Q |
c2(r + d)

)1/2 /(
1 − 2

q

mi

ke|Q |
c2r

)1/2

, =
(

1 + 2
q

mic2
φe(r + d)

)1/2 /(
1 + 2

q

mic2
φe(r)

)1/2

(28)

because the two coordinate time intervals are equal and φe(r) =
−ke|Q |/r is the electric potential. There is no gravitational contri-
bution due to the Earth because the clocks are at the same height. 
The gravitational contribution of the sphere due to its mass is neg-
ligibly smaller than its electrical contribution. Since the rest energy 
mic2 of the test particle is much larger than its potential energy 
qφe the above ratio is approximated by

�T (d)

�T (0)
≈

(
1 + q

mic2
�φe

)
=

(
1 + q

mi

|E|d
c2

)
(29)

where �φe = φe(r + d) − φe(r) > 0 is the electric potential differ-
ence between two points apart by a distance d in the electric field 
E. This is the same expression as the first one in Eq. (24). It should 
be noted that even though the electric field and the potential dif-
ference in Eq. (29) are due to a charged metal sphere, the result is 
general as the considerations in section 4 imply. The potential dif-
ference may be that in an electric field created by other means, as 
in section 7. Thus the metric in Eq. (26) provides a complete ex-
planation both for the gravitational and electrostatic time dilation 
effects. The exact one - to - one similarity of the electrostatic time 
dilation to its gravitational counterpart both in the classical energy 
considerations and the general relativistic treatments and the fact 
that the gravitational one is a fact of Nature suffice it to conclude 
that the electrostatic effect, too, must be a fact of Nature.

6. Could there be an electrical equivalence principle from which 
the electrostatic time dilation ensues?

The answer to this question is affirmative. Electrostatic experi-
ments performed in an accelerated frame would produce identical 
results as electrostatic experiments, with a single charged particle 
or particles of the same type, performed in a uniform electric field. 
To this end, let us consider a cabin in a rocket in deep space where 
there are no fields of any kind. Let there be two charged parti-
cles (observers) of the same type at the bottom and the top of the 
cabin of height d. Let us establish a Cartesian coordinate frame and 
choose the direction of motion of the rocket as the upward z-axis. 
Let the bottom of the cabin and the origin of the coordinate frame 
overlap at time t = 0. Let the rocket, hence the cabin, accelerate 
upward at acabin = − q

mi
E, where q is the electric charge of some 

known particle, mi is its inertial mass, and E is some known elec-
tric field directed in the negative z direction as the gravitational 
field for convenience. The charge q will be taken positive in the 
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following discussion for simplicity. Accordingly, adapting the gravi-
tational equations in [23] to electricity (and reversing the direction 
of the light pulses emitted) the positions of the bottom and top 
charges (observers) will be given by

zB(t) = 1

2

q

mi
|E|t2,

zT (t) = d + 1

2

q

mi
|E|t2. (30)

The charge (observer) at the bottom emits two light pulses di-
rected upward at t = t1 and at t = t2 = t1 + �τB separated by a 
time interval of �τB . Let these pulses be received by the charge at 
the top at times t = t′

1 and t = t′
2 = t′

1 + �τT separated by a time 
interval of �τT . The distance traveled by the first pulse is

zT (t′
1) − zB(t1) = c(t′

1 − t1), (31)

which gives

d + 1

2

q

mi
|E|t′ 2

1 − 1

2

q

mi
|E|t2

1 = c(t′
1 − t1). (32)

Similarly, the distance traveled by the second pulse is

zT (t′
1 + �τT ) − zB(t1 + �τB) = c(t′

1 + �τT − t1 − �τB), (33)

which gives

d + 1

2

q

mi
|E|(t′

1 + �τT )2 − 1

2

q

mi
|E|(t1 + �τB)2

= c(t′
1 + �τT − t1 − �τB). (34)

Using Eq. (32) in Eq. (34) and setting t′
1 = t1 + d/c and neglecting 

all terms second order in time, we get

�τT (c − q

mi
|E|d

c
) ≈ c�τB (35)

or,

�τT ≈ �τB(1 + q

mi
|E| d

c2
). (36)

This is the same as Eq. (24) above [33]. Now, the electrical equiv-
alence principle tells us that this accelerated frame in deep space 
where there exists no fields of any kind is equivalent to a station-
ary frame (a lab) on Earth where there exists a uniform downward 
electric field and the elapsed times between two emissions of pho-
tons by particles (atoms, etc.) of charge q seperated by a distance 
d is given by Eq. (36) above. It should be noted that the equiva-
lence of the two frames is realized not for a unique value, but for 
all values of q/mi of the particles of the same type with which the 
experiments are done. This point is of utmost importance that it 
deserves to be elucidated further.

To this end, consider a collection of charged particles with dif-
ferent q/mi ratios moving in an external electric field E. Adapting 
the gravitational equations in [24] to electricity, the equation of 
motion of the nth particle will be

m(n)
i

d2r (n)

dt2
= q(n)E +

∑
M

F(r (n) − r (M)), n = 1,2, ...., N, (37)

where F denotes the interparticle interactions. The spacetime 
transformations

t′ = t, r ′ (n) = r (n) − 1

2

(
q(n)/m(n)

i

)
E t ′ 2, n = 1,2, ...., N,

(38)
cast Eq. (37) to

m(n)
i

d2r ′ (n)

dt′ 2
+ m(n)

i

(
q(n)/m(n)

i

)
E = q(n)E +

∑
M

F(r ′ (n) − r ′ (M))

m(n)
i

d2r ′ (n)

dt′ 2
=

∑
M

F(r ′ (n) − r ′ (M)). (39)

The electric force on the nth particle

F(n)
E = q(n)E (40)

has been canceled by the following fictitious force

F(n)

f ict = −m(n)
i

(
q(n)/m(n)

i

)
E = −q(n)E. (41)

In other words,

F(n)
E + F(n)

f ict = 0. (42)

As is seen clearly from Eq. (41) that there is no restriction on the 
ratio (q(n)/m(n)

i ) for the cancelation of the external electric force 
on the particle locally. Especially, it is not required for this cance-
lation that this ratio be 1. It can be equal to any value observed 
in Nature. Furthermore, the cancelation of the electric field in the 
neighborhood of the nth particle occurs independently of the can-
celation of the electric field for the other particles. Thus the electri-
cal equivalence principle can be stated, adapting the gravitational 
statement in [25] to electricity, as “It is always possible at any 
space-time point of interest to transform to coordinates such that 
the effects of electricity will disappear over a differential region in 
the neighborhood of that point, which is taken small enough so 
that the spatial and temporal variation of electricity within the re-
gion may be neglected.” It can also be stated in the form “It is 
impossible to distinguish the fictitious inertial force from the real 
electrical force in a local region containing a single particle”.

We reiterate, just as the equivalence of an accelerating frame 
in deep space and a frame at rest in a local uniform gravitational 
field, a similar equivalence exists for electricity too. A frame con-
taining a charged particle of mass mi and charge q and accelerating 
in deep space at an acceleration a = −(q/mi)E is equivalent to a 
laboratory frame at rest where there is an identical particle in it 
and a uniform electric field E. As has been demonstrated above, 
the electricity experiments involving the charged particle in these 
two frames give identical results. As in gravity, there exists a sec-
ond pair of equivalent frames that result in by the addition of 
an acceleration a = (q/mi)E to the deep space - frame and the 
Earth - frame. Thus the fame accelerating upward is replaced by a 
frame at rest in deep space, irrespective of whether it is charged 
or not, and the frame at rest in an electric field on Earth is re-
placed by a charged frame with Q /M = q/mi falling with accel-
eration a = (q/mi)E in a uniform electric field. These two frames 
are completely equivalent as far as the results of the experiments 
performed with the charged particle at hand.

The effect of applying the spacetime transformation in Eq. (38)
on each particle is equivalent to putting each particle in a small 
enough cabin whose Q /Mi ratio is the same as the q/mi ratio of 
the particle in it. Each such cabin will be a local reference frame 
with Cartesian coordinates. The nth cabin for example, will be 
falling freely at an acceleration a(n) = Q (n)/M(n)

i E. If the interparti-
cle interactions are neglected, each cabin would be a local inertial 
frame. The acceleration of the nth particle relative to its own hy-
pothetical cabin as it falls will be [21,22]

a(n)

rel =
(

q(n)

m(n)
− Q (n)

M(n)

)
E = 0. (43)
i i
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Each such cabin with a charged particle in it is equivalent to a 
similar cabin floating in deep space. Though there is no need, we 
can group the particles with the same q/mi ratio and put them in 
a larger cabin whose charge-to-mass ratio Q /M is the same and 
falling freely in the electric field E. Obviously, it is not legitimate to 
put various charged particles with different q/mi ratios in a falling 
frame and require that they all float in this frame. This is because 
this would compel the q/mi ratios of the particles to be the same 
and equal to the Q /M ratio of the falling cabin. Because any space-
time point contains a single particle only, the equivalence principle 
stated above may be called the single - particle equivalence principle
[21,22].

7. Proposed experiment to measure the electrostatic time 
dilation

Before we pass to the next item, we point out to the experi-
mental possibility of measuring the electrostatic time dilation ef-
fect by high precision clocks similar to the atomic ones. What is 
required for such a measurement is ionic clocks [26–28] whose os-
cillators are positively (or, in principle, negatively) charged ionic 
atoms whose energy levels will split in an electric field depend-
ing on their positions in the field [32]. For example, the frac-
tional change in the oscillation frequencies of two 27 Al+ optical 
ion clocks in a static electric field for a potential difference of 
�φe(in V ) between them would be

δ f

f (0)
= q

m

�φe

c2
= 3.979 × 10−11�φe/V , (44)

where q = e = 1.602 × 10−16 C is the charge of 27 Al+ and m =
4.480 × 10−26 kg its mass. This would be much larger than the 
special relativistic and gravitational time dilation effects reported 
in [11] depending on the value of �φe . The experimental confir-
mation of the electrostatic time dilation effect would be an un-
equivocal indication for the correctness of the unification metric in 
Eq. (26).

8. The Reissner - Nordström metric and the electrostatic redshift

Finally, we comment on the work in [20], where an attempt 
to explain the null results of the electrostatic redshift experiments 
reported in [18,19] was made, by reproducing the derivation of the 
general relativistic prediction of the electrical redshift in [20]. They 
start off by giving the fractional change in the frequency of light in 
general relativity, which is

�ν/ν = 1 − (
g00/g′

00

)1/2
, (45)

where �ν = νobserved − ν with ν being the frequency of the light 
emitted by the source. g00 is the coefficient of the timelike coor-
dinate in the square of the differential line element

ds2 = gμνdxνdxν (46)

at the position of the absorver/receiver, and g′
00 being the one at 

the position of the source/emitter. The absorber is assumed to be 
located on the dome of an electrostatic accelerator (like a van de 
Graaf generator) whose electrostatic potential is given by (in SI 
units)

ϕ = ke Q /R, (47)

where Q is the charge of the dome, R the radius of the dome. The 
g00 on the dome is assumed to be that of the Reissner - Nordström 
line element given by
g00 = 1 − 2GM/Rc2 + ke G Q 2/R2c4, (48)

where M is the mass of the dome. The authors say they are only 
interested in the electrostatic effect and thereby drop the second 
term in the equation above as a result of which Eq. (45) becomes

�ν/ν = 1 −
(

1 + Gϕ2/kec4
)1/2

, (49)

where g′
00 = 1 because the source is assumed to be in a region 

of zero electrostatic potential inside the dome. Since the potential 
term is much smaller than one, this reduces to

�ν/ν = −Gϕ2/2kec4. (50)

For an electrostatic accelerator of several MeV, �ν/ν ∼ 10−40, and 
the null results in the experiments [18,19] are expected, as pro-
claimed by the authors. The conceptual error in this treatment 
is that the Reissner - Nordström metric is a solution to the Ein-
stein - Maxwell field equations for an electrically charged spherical 
body of mass M and charge Q . The third term on the right of 
Eq. (48) is not an electrostatic term, rather it is a gravitational 
one just like the second term. The meaning of the third term is 
as follows: The electric field outside the central body due to its 
charge Q has an energy U f ield ∼ r3ε0|E|2/2 which is equivalent 
to a mass M f ield = U f ield/c2 ∼ ke Q 2/c2r. This mass gives rise to a 
gravitational potential �g = GM f ield/r whose contribution to g00

must be proportional to �g/c2 which is approximately equal to 
Gke Q 2/c4 R2 for r = R . This is the third term in g00 in Eq. (48). 
Thus on the surface of the dome g00 can be written as

g00 = 1 − 2GMef f (R)/Rc2. (51)

with Mef f (r) being the effective mass of the dome, the central 
body, given by

Mef f (r) = M − 1

2

ke Q 2

rc2
, (52)

where r ≥ R is the radial coordinate. Therefore, according to the 
meaning of the Reissner - Nordström metric, light moving in this 
spacetime is moving in a gravitational field created by the mass 
Mef f , and the redshift it may undergo is a gravitational one. Cer-
tainly, it is incorrect to call the contribution of the Q 2 - term an 
electrostatic redshift.

9. Conclusions

In the present work, we have shown, employing classical elec-
tromagnetic theory, that positively charged objects age faster at 
high potential points than those at low potential points in an 
electric field. The aging of the negatively charged objects, how-
ever, takes place in the opposite way. This electrostatic time dila-
tion effect is similar to its gravitational analogue and there exists 
a general relativistic theory that predicts its existence [21]. We 
have demonstrated that this effect can also be obtained from an 
electrical equivalence principle whose salient features have been 
elucidated. A Pound - Rebka - Snider experiment subjecting the 
source to a horizontal electric field would show no electrical red-
shift because electric charge is conserved and is independent of 
any forms of energy (which is not the case for mass). This is a re-
sult confirmed by two experiments that employed interferometers 
to observe the questioned electrostatic redshift. If, on the other 
hand, it were possible to measure the frequency change of pho-
tons in the gravitational field of the Earth with interferometers, 
one would observe no gravitational redshift either. This is because 
the energy/frequency of photons do not change as they move in a 
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gravitational field, as discussed in [17]. An attempt in the literature 
to explain the null results of the two electrostatic redshift experi-
ments by making use of the Reissner - Nordström metric has been 
shown to be invalid. We cannot overemphasize the performance 
of the proposed experiment with ionic clocks in a static electric 
field to confirm the electrostatic time dilation effect presented in 
this work. Such a confirmation would also support the unified the-
ory of gravitation and electromagnetism leading to the metric in 
Eq. (26).
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