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Abstract

The Einstein’s mass-energy relation E = mc2 is one of the most fundamental formulae in physics, but it has not been
seriously tested by an elaborated experiment, and only some indirect evidences in nuclear reaction suggested that it holds
to high precision. Manifestly, for a particle, different self potential leads to different energy-speed relation, which can
be used as the fingerprints of them. In this letter, we propose an experiment to test this relation. The experiment only
involves low energy of particles and measurement of speed, which can be easily realized. The experiment may shed lights
on a number of fundamental puzzles in physics.
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In Einstein’s original paper (Einstein, 1905), he derived the the kinetic energy of a particle K,

K = mc2 − m0c2, m = m0

(
1 − v2

c2

)− 1
2

, (1)

which implies the total energy and the speed of a particle have the following relation

E = m(v)c2. (2)

However, the Einstein’s derivation is based on the linear classical mechanics, and this relation has not been directly tested
by elaborated experiment. (2) is actually p0 of the 4-vector momentum but is different from the energy E in Nöther’s
sense for a particle with potential. There were once some indirect evidences in the nuclear reaction. The most accurate
one is provided by Rainville et al. (2005), which indicates that the mass-energy relation E = mc2 holds to an error level
less than 0.00004% in the process of neutron capture by nuclei of sulfur and silicon resulting in γ-radiation. As pointed
out by Bakhoum (2007), it is actually a test for the energy conversion ∆E = ∆mc2 at low speed of the particles.

Strange enough, as one of the most fundamental relation, a direct test for the energy-speed relation (2) is absent. It seems
to be interesting for few people, and one can hardly find a literature involving the problem. As a matter of fact, this relation
is related with a number of fundamental problems in physics, such as the relationship between quantum mechanics and
classical one, the self-potentials of an elementary particles, the Lorentz transformation law for different parameters and
Lorentz violation, the structure of the space-time etc. The main purpose of this letter is to draw the attention of physical
society towards this problem.

The Dirac equation with different potentials describes elementary particles, and maybe give some explanations for dark
matter and dark energy (Gu, 2007a; Gu, 2008; Gu, 2017; Adanhounme, Adomou, Codo, & Hounkonnou, 2012; Ribas,
Devecchi, & Kremer, 2005; de Vega, 2007; Vacaru, 2015). For spinors with self-potentials such as nonlinear potential
and electromagnetic one Aµ, detailed calculation shows the potentials result in different energy-speed relations, which can
be used as fingerprints of the interactions. In classical mechanics, these relations are concealed. Taking c = 1 as unit of
speed, we find the general representation of the energy-speed relation takes the following form (Gu, 2007b,c),

E(u) =
M0√
1 − u2

− M1u2

√
1 − u2

+
WF√
1 − u2

ln
1

√
1 − u2

, (3)

where (M0,M1,MF) are all constants of mass dimension, and M0 is the total static mass of the particles, which is the
relativistic effect reflecting the structure of the space-time. M1 corresponds to interactions such as electromagnetic poten-
tial. MF corresponds to the nonlinear self-interactive potential. M1 and MF reflect the structure of a particle. For normal
particles such as electron, we have MF ∼ 10|M1| ≪ M0.
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Figure 1: The flow chart and experimental scheme to test the mass-energy relation

The nonlinear effects can be hardly detected under normal conditions due to little values of (M1,MF) and the function
ln
√

1 − u2. For example, when an electron get kinetic energy 30MeV, the corresponding speed reaches u1 = 0.99986c,
but

E(u1)=̇
M0 − M1 + 4MF√

1 − u2
1

≈ M0√
1 − u2

1

. (4)

That is to say, (3) is a stiff equation of the coefficients (M0,M1,MF). So we have to develop some tricks to get meaningful
solution.

In this letter, we propose the following experimental project, which can sensitively measure the curve of the energy-speed
relation. The flow chart and experimental scheme are illustrated in Fig.1.

1. The particles with unit charge are produced by the particles source, and the ones at initial speed u0 are selected by
a homogeneous magnetic field. By adjusting the radius r, we can control the initial speed u0 of the particles.

2. The particle beam with speed u0 is focused by a focus drum.

3. The focused particle beam is controlled by an oscillating deflector with signal period T . When the plate condenser
is charged with voltage Ū, the particles are deflected and can not enter the vacuum tube. Only in the moment the
voltage Ū is removed, a package of charged particle moves into the vacuum tube to be accelerated and tested. Then
we get a series of particle packages with periodic intervals

u0T → D = u1T. (5)

4. The series-wound accelerator is constructed by a set of uniform electrodes, which can be charged with high voltage
V . When the selected particles pass though one pair electrodes, each particle receives an energy increment δE = eV ,
which converts into its kinetic energy. If n pair electrodes are charged, then we get the total kinetic energy increment
for each particle

K = E(u1) − E(u0) = nδE = neV. (6)

(3) and (6) establish the connection between the speed u and nV .

5. An oscillometer with high frequency(e.g. 100MHz) is placed at the midpoint between the two solenoid coils. When
one particles package pass trough one coil, an electromotive signal is generated in the coil and the signal can be
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detected by the oscillometer. The time increment between the package passing trough two solenoid coils c0 and c1
is given by

∆t =
L
u1
, (7)

which can be measured by the oscillometer.

6. Adjusting the deflecting period T = ∆t until we get two series of periodic pulses which can be completely over-
lapped, then by (5) and (7) the final speed u1 of the particles can be exactly calculated as

u1 =
L
T
. (8)

If the distance between two coils c0 and c1 is set as L = 6m, then the deflecting frequency ν ∼ 50MHz or T ∼ 0.02µs.

7. Since the distance L and the period T can be adjusted to very high accuracy, so we can calculate the true energy-
speed relation E = m(u)c2 according to the measured results.

In what follows, we take (3) as example to show the dada treatment, i.e. we determine the constants (M0,M1,MF) by
fitting the curve f (u1,V) = 0 defined by (3). Now we make some simplification of (6). At first, we can solve the static
mass M0 at low energy u = ũ1 ≪ c as follows. Assume the voltage V = V0, in this nonrelativistic case, we have the
approximation of (6) as follows

neV0 =̇
1
2

(M0 − 2M1 + MF)(ũ2
1 − u2

0). (9)

Then we get


M0 = ms + 2M1 − MF ,

E0 = ms + 2M1 − MF +
1
2 msu2

0=̇E(u0),
ms ≡ 2neV0(ũ2

1 − u2
0)−1,

(10)

where ms is the nonrelativistic static mass of the particle in classical sense. Therefore, we only need to determine two
little coefficients (M1,MF) at high energy.

By (3), (6) and (10), we have the following relation

(2 − u2
1)M1 −

(
1 + ln

√
1 − u2

1

)
MF

{
= E(u1)

√
1 − u2

1 − ms (by (3) and (10))

= [neV + E(u0)]
√

1 − u2
1 − ms

}
(by (6) and (10))

=̇ (neV +
1
2

msu2
0)

√
1 − u2

1 −
msu2

1

1 +
√

1 − u2
1

+ (2M1 − MF)
√

1 − u2
1. (11)

Denoting

w =
u2

1

1 +
√

1 − u2
1

, U = (neV +
1
2

msu2
0)c−2, (12)

and substituting it into (11), we get

w2M1 − [w + ln(1 − w)] MF = (1 − w)U − wms. (13)

(13) is a linear equation of (M1,MF), which can be easily solved by the method of least squares from a sequence of
measured data (Ui,wi), i = 1, 2, · · · ,N. Define the N-dimensional vectors (a⃗, b⃗, f⃗ ) by,

a⃗ = (w2
1,w

2
2, · · · ,w2

N), (14)

b⃗ = − [w1 + ln(1 − w1),w2 + ln(1 − w2), · · · ,wN + ln(1 − wN)] , (15)
f⃗ = [(1 − w1)U1 − w1ms, (1 − w2)U2 − w2ms, · · · , (1 − wN)UN − wNms]. (16)
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Then the solution of the least square is given by

M1 =
1
D

[b⃗ 2a⃗ − (a⃗ · b⃗)b⃗] · f⃗ , MF =
1
D

[a⃗2b⃗ − (a⃗ · b⃗)a⃗] · f⃗ , D = b⃗ 2a⃗2 − (a⃗ · b⃗)2. (17)

For an electron, we have the typical order of magnitude for the parameters in (13),

w ∼ 1, U ∼ ms ∼ 1MeV. (18)

So a meaningful test depends on the precision of the measurement data (wi,Ui), which should be of relative errors less
than 10−4. How to promote the precision of the measurement is the key for the success of a test.

Some possible solutions and its implications:

1. If MF = 0 and M1 = 0, which means the Einstein’s mass-energy strictly holds, and the particles can not be described
by the classical fields, because a linear spinor is unstable for a standing wave.

2. If MF = 0 and M1 , 0, this kind of particles has not nonlinear self-potential, and the balance of the particles should
be explained by scalar and vectorial interactive fields.

3. If MF , 0, which means particle including nonlinear potential, which leads to some unusual effects (Gu, 2007a,b).

So no matter what result the experiment provides, the implication is always important and fundamental.

From the above analysis, we find the test of the energy-speed relation can provide new insights into the structure of the
fundamental particles and space-time. An exact measurement of the energy-speed relation is a shortcut to disclose the
secrets of the fundamental particles and interactive potentials, as well as the nature of dark matter and dark energy. So
this experiment is of fundamental significance, which may clarify a number of puzzles in physics.
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