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E=mc² Is Not a Relativistic Formula
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The mass-energy formula   is thought to be derived by Einstein from special relativity. The

present study shows that Maxwell’s electromagnetic momentum   and the Newtonian

momentum   imply this formula. It can be derived from classical physics with c as the

constant velocity of light in its medium, ether. The present study demonstrates that this classical

physics-based formula is also correct in other inertial frames that move relative to the ether frame.

In contrast, Einstein’s derivation in 1905 is logically �awed as a relativistic proof because 1) it

ignored that the di�erence rather than the sum of the emitted energy between the opposite

directions a�ects the kinetic energy of the emitting object and made incorrect assumptions; 2) its

mass and energy are measured in di�erent reference frames whereas the mass-energy equivalence

should be for mass and energy measured in the same reference frame; 3) its result is an

approximation and valid only at low velocity whereas the term relativistic usually means “also

correct at high velocity.” Einstein’s nonrelativistic derivation in 1946 is incorrect from a relativistic

point of view because it ignores the relativistic e�ects in the moving (observed) frame. It is

unnecessary from a classical point of view because it uses the two classical equations   and 

, from which   can be obtained directly. Therefore,   is a classical rather

than a relativistic formula. The relativistic formula that Einstein should have derived from his

thought experiments is   derived by Laue and Klein, which

corresponds to the relativistic mass-velocity equation derived by Lorentz.

Corresponding author: Qing-Ping Ma, qing-ping.ma@nottingham.edu.cn

1. Introduction

The mass-energy formula   has a prominent role in physics research and public perception of

science. The formula explains the power of nuclear bombs and the energy source of stars[1][2][3] and
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stimulates the general public's imagination. It also underlies key components of the Dirac equation,

which has accounted for the �ne details of the hydrogen spectrum and implied the existence of

antimatter[4]. Although Einstein[5] initially derived mass-energy equivalence as a velocity-dependent

approximation, the formula’s accuracy has been con�rmed by experiments to a high level of

precision[6].

The explicit expression    was �rst proposed by Planck[7][8][9]  or De Pretto[10], but it is

generally believed that Einstein[5] derived the mass-energy formula   from special relativity.

Fern�ores[11]  asserts in Stanford Encyclopedia of Philosophy: “Einstein correctly described the

equivalence of mass and energy as ‘the most important upshot of the special theory of relativity’[12],

for this result lies at the core of modern physics”. Although there are still some disputes on whether

Einstein discovered the mass-energy equation �rst and whether Einstein’s derivation might be

logically �awed[13][14][15][16][17], few people question whether the mass-energy equation is a

relativistic result.

It has long been known that the mass-energy equation appears to be implied in Maxwell’s

electromagnetic theory[18][19][20], and Lewis has provided a derivation within the framework of

classical physics[21][22]. Einstein[23] also gave a nonrelativistic derivation of  . Since the mass-

energy equation might be derived within the framework of classical physics, it could be a classical

physics result rather than a relativistic one. This study proves that    is a classical physics

formula. The relevant relativistic formula should be  . Even though Einstein’s �rst

derivation only obtained an approximate mass-energy relationship at low velocity, it is logically

invalid because it made incorrect assumptions, and the obtained relationship is between mass

measured in one reference frame and energy measured in another reference frame. The correct mass-

energy equivalence should be for mass and energy measured in the same reference frame.

The rest of this paper is structured as follows: Section 2 shows that    is a natural result of

Maxwellian electromagnetism and Newtonian mechanics; Section 3 analyzes the logical validity of

Einstein’s �rst derivation of the mass-energy relation in 1905; Section 4 demonstrates what Einstein

should have derived is  ; Section 5 examines the logical validity of the last

derivation by Einstein[23] and provides a logically more consistent corresponding derivation; Section 6

concludes.
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2. Derivation from   and   in classical physics

Many derivations, including Einstein’s derivation in 1946, rely on the formula    of classical

electromagnetic theory.    was �rst derived as a classical formula from Maxwell’s classical

theory of electromagnetism[24]. This expression has also been obtained through applying laws of

thermodynamics[25][26][27][28]. Nichols and Hull[29]  experimentally demonstrated the radiation

pressure. In classical physics, light is a type of electromagnetic wave propagating in its medium,

ether, and c is the constant velocity of light in its medium (frame). The formula   describes the

momentum of wave packets in the ether frame in Maxwell’s classical electromagnetic theory. Before

the Michelson-Morley experiment[30]  and the Lorentz ether theory[31][32], electromagnetism, like

mechanical waves in their media, was considered covariant under Galilean transformations. After the

advent of special relativity, physicists reinterpreted the meaning of c, making it the speed of light in

any inertial frames rather than only in the ether frame. This reinterpretation of c does not invalidate 

 in the ether frame as a classical physics formula.

Since    in the ether frame is a classical physics formula and we also have    in

Newtonian mechanics, we can obtain   for light wave packets in their ether frame directly. The

velocity of light wave packets is c, so    in the ether frame, and Maxwell’s

electromagnetic momentum   implies

The above derivation was �rst formulated by Lewis[21]. This explains why Preston[33], Poincaré[20], De

Pretto[10], and Hasenöhrl[34]  had proposed or derived similar mass-energy relations well before

Einstein postulated the constancy of the speed of light. Becquerel used the conversion of mass into

energy to explain the radioactive energy of radium in 1900, and the conversion ratio that he used is in

the same order of magnitude as the mass-energy equation[35]. Rutherford[36]  and Soddy[37]  also

proposed the conversion of mass into energy as a source of radioactive energy before special relativity.

As  for light wave packets in their ether frame is implied in classical physics, we can ask what

the relationships between mass and energy in other reference frames should be. Following the design

of the Michelson-Morley experiment, we can consider �rst the scenario where the direction of light

rays is perpendicular to the direction of the velocity of the reference frame in question. Here the
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velocity of the reference frame is relative to the ether frame, as in the Michelson-Morley experiment.

Since in classical physics the velocity of light follows the Huygens principle, we have the velocity of

light when the direction of light rays is perpendicular to the direction of the velocity of the reference

frame  ,

In equation (2), d is the length of the light path, t is the time interval needed for the light ray to cover

the length d, and v is the velocity of the reference frame relative to the ether frame. The two-way

velocity of light is used here for convenience, and the actual impact of the frame’s velocity on

momentum depends on the one-way velocity of light.

Using the classical momentum formula  , we obtain the momentum of light wave packets

when the direction of light rays is perpendicular to the direction of the velocity of the reference frame,

We may draw an analogy from the in�uence of the frame velocity on kinetic energy from the classical

kinetic energy formula  . As energy is proportional to the square of velocity while

momentum is proportional to the velocity, for a velocity change from c to   when the direction

of light rays is perpendicular to the direction of the velocity of the reference frame, we have the energy

of light wave packets

In equations (3) and (4), m and E are the mass and the energy implied by the momentum of light wave

packets in the ether frame respectively, and    and    are the momentum and energy of the light

wave packets in the frame moving relative to the ether frame at v respectively. If we use the values of

momentum, energy, and velocity of light measured in this frame, and  , we obtain the

relationship between mass and energy

When the direction of light rays is parallel to the direction of the velocity of the reference frame, the

two-way velocity of light measured by the moving frame is

cN
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 We have

For a velocity change from c to  , we have

If we use the values of momentum, energy, and velocity of light measured in this frame, and 

, we obtain the relationship between mass and energy

Therefore, in classical physics,   is true in all inertial reference frames.

3. Einstein’s derivation in 1905 is logically �awed as a relativistic

proof

Einstein’s �rst derivation links the mass-energy equation with special relativity[5]. The derivation is

based on a thought experiment unlikely to be achievable in a laboratory[16][15]. Its key part is quoted

here.

“Let a system of plane waves of light, referred to the system of co-ordinates (x, y, z),

possess the energy L; let the direction of the ray (the wave-normal) make an angle  with

the axis of x of the system. If we introduce a new system of co-ordinates (ξ, η, ζ) moving

in uniform parallel translation with respect to the system (x, y, z), and having its origin

of co-ordinates in motion along the axis of x with the velocity v, then this quantity of

light—measured in the system (ξ, η, ζ)—possesses the energy

where c denotes the velocity of light. We shall make use of this result in what follows.
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Let there be a stationary body in the system (x, y, z), and let its energy—referred to the

system (x, y, z) be E0. Let the energy of the body relative to the system (ξ, η, ζ) moving as

above with the velocity v, be H0.

Let this body send out, in a direction making an angle  with the axis of x, plane waves of

light, of energy ½L measured relatively to (x, y, z), and simultaneously an equal quantity

of light in the opposite direction. Meanwhile, the body remains at rest with respect to the

system (x, y, z). The principle of energy must apply to this process, and in fact (by the

principle of relativity) with respect to both systems of co-ordinates. If we call the energy

of the body after the emission of light E1 or H1 respectively, measured relatively to the

system (x, y, z) or (ξ, η,  ζ) respectively, then by employing the relation given above we

obtain

By subtraction, we obtain from these equations

The two di�erences of the form   occurring in this expression have simple physical

signi�cations. H and E are energy values of the same body referred to two systems of

coordinates which are in motion relatively to each other, the body being at rest in one of

the two systems (system (x, y, z)). Thus, it is clear that the di�erence   can di�er

from the kinetic energy K of the body, with respect to the other system (ξ, η, ζ), only by

an additive constant C, which depends on the choice of the arbitrary additive constants

of the energies H and E. Thus, we may place

since C does not change during the emission of light.”

Equations (14) and (15) are the key in Einstein’s derivation, which is equivalent to a statement that

(the change in) non-kinetic energy has the same value in all reference frames, i.e., the di�erence in

energy values of an object measured in two reference frames is only the di�erence in its values of

φ

= + L + LE0 E1
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kinetic energy. This assertion by Einstein has been a major source of controversy regarding the

validity of Einstein’s derivation in 1905. Ives[13], Jammer[14], and Arzeliès and Tordjman[38] think that

the mass-energy equation is implied by equations (14) and (15); without justifying them, Einstein’s

derivation is invalid. Stachel and Torretti[39] and Ohanian[16] think using equations (14) and (15) is not

a petitio principii. From equations (14) and (15), Einstein derived an approximate mass-energy

equivalence. In Einstein’s thought experiment, the system (x, y, z) is the observed frame, and the

system (ξ, η, ζ) is the observing frame[40][17][41].

“So we have

The kinetic energy of the body with respect to (ξ,  η,  ζ) diminishes as a result of the

emission of light, and the amount of diminution is independent of the properties of the

body. Moreover, the di�erence K0 − K1, like the kinetic energy of the electron (§ 10),

depends on the velocity.

Neglecting magnitudes of fourth and higher orders, we may place

.”[5] (17)

Equation (16) is a logical consequence of (14) and (15), which states that  , the di�erence of an

object’s kinetic energy measured at two time points in a reference frame H, equals the di�erence

between the change of total energy measured in frame H (i.e.  ) and that measured in the

object-stationary frame E (i.e.  ) at these two time points. The right-hand side of equation (17)

approximates the right-hand side of equation (16) at low velocity, which gives an appearance of the

classical expression of kinetic energy. From this approximation, Einstein concluded that “if a body

gives o� the energy L in the form of radiation, its mass diminishes by .”

Although Ohanian[16]  agrees with Stachel and Torretti[39]  that Einstein’s derivation is not a petitio

principii, he thinks that Einstein’s conclusion is a non sequitur. “Einstein’s mistake lies in an

unwarranted extrapolation: he assumed that the rest-mass change he found when using a

nonrelativistic, Newtonian approximation for the internal motions of an extended system would be

equally valid for relativistic motion.” Ohanian’s criticism seems pertinent. When v is larger, such as 

, magnitudes of fourth and higher orders cannot be neglected. So   derived implicitly

− = L( − 1)K0 K1
1
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by Einstein in 1905 is only an approximation when v is relatively small (nonrelativistic); it is not a

universal relation applicable to objects at all velocities. Einstein[1]  acknowledged the imprecision of

his mass-energy equation by noting that “It is customary to express the equivalence of mass and

energy (though somewhat inexactly) by the formula  ”. However, as we know now, the

formula is fairly precise[6], so Einstein’s velocity-dependent approximation could not be accepted as a

correct derivation of the mass-energy equivalence.

Besides the logic issue of non-sequitur, Einstein also made a subtle but fatal mistake in assuming

equations (14) and (15), which has not been identi�ed until now. Equations (11) and (12) can be

rewritten as

Einstein’s equations (14) and (15) stipulate  , which is incorrect

but deceptively di�cult to recognize due to the nature of kinetic energy. We will dissect this mistake.

Suppose the object emits a pulse of light waves with energy L/2 only in one direction. In that case, it

will gain kinetic energy in the system (x, y, z), and E1 will include non-kinetic and kinetic energy.

However, when it also emits a pulse of light waves with energy L/2 in the opposite direction, there is

no gain in kinetic energy, and E1 includes no kinetic energy. Therefore, what a�ects the kinetic energy

of an object is the di�erence of emitted energy between the opposite directions. When there is no

di�erence, there is no change in the object’s kinetic energy. This also applies to the system (ξ, η, ζ).

When the object emits two pulses of light waves with energy    in opposite directions in the

system (ξ, η, ζ), there is no change in the object’s kinetic energy in the system (ξ, η, ζ) because there is

no di�erence in emitted energy between the opposite directions. Therefore, it is incorrect to assume

by Einstein that the change in kinetic energy in system (ξ, η, ζ) is due to the di�erence in the emitted

total energy between systems (x, y, z) and (ξ, η, ζ).

Since the change in kinetic energy is caused by the di�erence in emitted energy between the opposite

directions, we have when   ,

E = mc2
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As the electromagnetic kinetic energy  , we have

The change   is both the momentum carried away by the light waves and the loss of momentum by

the object in the system (ξ, η, ζ). Since   and the emission of light waves has not changed the

velocity of the object in the system (ξ, η, ζ), we obtain from equation (19)

Hence, a change in its mass   causes the change in its momentum. Let  , we

have

This is the Lorentz mass-velocity formula. Multiplying both sides of equation (20) by c2, we obtain

As indicated by equation (22), if an object’s energy is E0 measured by a reference frame in which the

object is stationary (the observed frame), its energy is   measured by a frame moving at a

velocity of v (the observing frame) relative to the object and the �rst frame. This is the relativistic

formula that Einstein should have obtained with two reference frames. We have used the classical

expression  ,  , or  , which implies  , in deriving equations (19)-(22).

Special relativity contributes   but not  .

4. Derivation of the mass-energy equation from conservation of

momentum

Einstein’s equations (14) and (15) are among the main controversial points regarding the validity of

Einstein’s derivation[13][14][38]. The two equations ignore that the di�erence in the emitted energy

between the opposite directions a�ects the kinetic energy of the emitting object, so they are incorrect

in Einstein’s derivation. We have derived the relativistic formula    in the preceding
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section using that fact and Einstein’s thought experiment. Since some researchers might doubt the

validity of equation (18), we use the conservation of momentum to derive the mass-energy relation

from Einstein’s thought experiment to prove our current result further. In the frame (x, y, z) where the

radiating body is at rest, we have

In equation (23), P stands for momentum, the subscript S indicates the frame where the radiating body

is stationary;    is the momentum of a light wave packet in one direction (as in Maxwell’s classical

electromagnetic theory, here Einstein’s L is replaced with the more conventional E for energy).

In the frame ( ) where the radiating body is moving at velocity v,

In equation (24), the subscript V indicates the moving frame. When  ,

Since   and there is no velocity change of the object in the frame ( ),

we have

Equation (26) is the same as equation (20)

In the frame where the radiating body is stationary, when energy E is emitted, there is a loss of mass

. This mass-energy equivalence in the same reference frame is exact rather than

approximate. Except for using the relativistic mass formula to remove   from equation (25),

this is the same derivation as equation (1) with Maxwell’s electromagnetic momentum and Newtonian

momentum.

From equation (25) and  , we can also obtain

Let  , we obtain
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Equation (28) is the same as equation (22), the relativistic formula describing the relationship

between values of the same energy measured in two reference frames, which depends on their relative

velocity v.

If we use subscript 0 to indicate measurements obtained in the frame where the radiating body is

stationary, our new derivation reveals what Einstein should have proved is the equation derived by

Laue[42] and Klein[43],

Equation (29) corresponds to the relativistic mass equation[32]

The essence of Einstein’s derivation in 1905 is to approximate   i.e., the measured energy

di�erence between moving and stationary frames, based on equation (29) and the classical kinetic

energy expression  ,

Einstein’s approximation works only when v is small, whereas all relativistic functions should work

well at high velocity.

Similarly, expanding the di�erence between the relativistic mass and the rest mass and using the

classical kinetic energy expression   can give the same relationship when v is small,

However, both equation (31) and Einstein’s derivation in 1905 need a classical kinetic energy formula

and low velocity, which are a non sequitur to a relativistic conclusion[16]. Besides the non sequitur issue

and the fatal mistake examined in the preceding section, there is another logical mistake in Einstein's

derivation by taking approximation, which researchers have overlooked. The mass-energy

equivalence should be for mass and energy measured in the same frame. Still, the mass-energy

relationship derived by Einstein is between the energy measured in the object-stationary frame

(observed frame) and the (change in) mass measured in the object-moving frame (observing frame).

This mismatch is also logically incorrect.
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2

E0

c2
v2 (30)

K = m1
2

v2

m − = − = ( + + + ⋯) ≈ =m0
m0

1 − /v2 c2
− −−−−−−−

√
m0 m0

1

2

v2

c2

3

8

v4

c4

5

16

v6

c6

1

2

m0v
2

c2

E0

c2
(31)
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Therefore, the relativistic result from Einstein’s thought experiment in 1905 should be 

, which is just a di�erent expression of the relativistic mass equation 

  that was �rst derived by Lorentz[32]. This relationship between energy values

measured in two reference frames has been shown by Laue[42], using the conservation of energy-

momentum tensor and assuming that there is no energy �ow in the rest frame. Klein[43]  extended

Laue’s results to closed systems with or without energy �ow.

5. Einstein’s derivation in 1946

Einstein[23]  gave his last derivation of the mass-energy equivalence, based on the conservation of

momentum and Maxwell’s classical theory of electromagnetism. Since the derivation is short, its key

part is quoted here (Fig.1).

E = /E0 1 − /v2 c2
− −−−−−−−

√

m = /m0 1 − /v2 c2
− −−−−−−−

√
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Fig.1. An object B absorbing two wave complexes (S and S′) from

opposite directions with energy E/2 each. A. Object B is at rest in

frame K0. B. In frame K, which moves along the z-axis negative

direction of frame K0 with velocity v, object B is moving in the z-

axis positive direction with velocity v, and the two wave complexes

have an angle α with the x-axis, .

“We now consider the following system. Let the body B rest freely in space with respect

to the system K0. Two complexes of radiation S, S′ each of energy E/2 move in the

positive and negative x0 direction respectively and are eventually absorbed by B. With

this absorption the energy of B increases by E. B stays at rest with respect to K0 by

reasons of symmetry. Now we consider this same process for the system K, which moves

with respect to K0 with the constant velocity v in the negative Z0 direction. With respect

to K the description of the process is as follows:

sinα = v/c
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The body B moves in positive Z direction with velocity v. The two complexes of radiation

now have directions with respect to K which make an angle α with the x axis. The law of

aberration states that in the �rst approximation  , where c is the velocity of light.

From the consideration with respect to K0 we know that the velocity v of B remains

unchanged by the absorption of S and S′.

Now we apply the law of conservation of momentum with respect to the z direction to

our system in the coordinate-frame K.

I. Before the absorption let m be the mass of B; mv is then the expression of the

momentum B (according to classical mechanics). Each of the complexes has the

energy E/2 and hence, by a well-known conclusion of Maxwell’s theory, it has the

momentum  . Rigorously speaking this is the momentum of S with respect to K0.

However, when v is small with respect to c, the momentum with respect to K is the

same except for a quantity of second order of magnitude ( compared to 1). The z-

component of this momentum is  or with su�cient accuracy (except for

quantities of higher order of magnitude)  or  . S and S′ together therefore

have a momentum    in the z direction. The total momentum of the system

before absorption is therefor

II. After the absorption let m′ be the mass of B. We anticipate here the possibility that

the mass increased with the absorption of the energy E (this is necessary so that the

�nal result of our consideration be consistent). The momentum of the system after

absorption is then

We now assume the law of the conservation of momentum and apply it with respect

to the z direction. This gives the equation

or

This equation expresses the law of the equivalence of energy and mass. The energy

increase E is connected with the mass increase  . Since energy according to the

α = v
c

E

2c

v2

c2

sinαE

2c

αE

2c
⋅E

2
v

c2

E v

c2

mv + ⋅ v.E

c2 (32)

vm′

mv + ⋅ v = v.E

c2 m′ (33)

− m = .m′ E

c2
(33a)

E

c2
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usual de�nition leaves an additive constant free, we may choose the latter that

.” (34)

Special relativity is not involved in Einstein’s derivation in 1946; hence, deriving    does not

require special relativity. However, Einstein’s derivation in 1946 has the shortcoming of not

distinguishing di�erent values of energy or mass measured in the two reference frames by ignoring “a

quantity of second order of magnitude.” In a relativistic setting, this quantity cannot be ignored. A

wave complex has di�erent energy values in two frames K0 and K with relative motion. In equations

(33) and (34), the energy values of the wave complexes are those measured in frame K0. In contrast,

the momentum and the mass are measured in frame K. Einstein introduced the same logical mistake

in 1946 as in 1905, i.e., proving the equivalence of energy measured in one frame with mass measured

in another frame.

Since the energy or mass of an object measured in two reference frames with relative motion has

di�erent values, we must show the equivalence of mass and energy measured in the same reference

frame. Given the Lorentz mass-velocity formula  , the mass measured in frame K0

is  . Labeling the energy measured in frame K0 as  , we can write Einstein’s

equation (33) with mass and energy measured in the same frame as,

From equation (35), we obtain

which is not a straightforward  . There is an additional term,  , on the right-

hand side of the equation.

The mass-energy relationship should be between mass and energy measured in the same reference

frame. Using the Lorentz relativistic mass formula to calculate the mass measured in frame K0,  , we

obtain the mass-energy formula for frame K0 from equation (36)

Let the energy of the radiation complexes measured in frame K be  , we have

.

E = mc2

E = mc2

m = /m0 1 − /v2 c2
− −−−−−−−

√

= mm0 1 − /v2 c2
− −−−−−−−

√ E0

mv + v = v .1 − /v2 c2
− −−−−−−−

√
E0

c2
m′ 1 − /v2 c2

− −−−−−−−
√ (35)

( − m) = ,m
′

c2 E0

1 − /v2 c2
− −−−−−−−

√
(36)

E = mc2 1/ 1 − /v2 c2
− −−−−−−−

√

m0

= ( − m) = ( − ) = ΔE0 m
′

c2 1 − /v2 c2
− −−−−−−−

√ m0
′

m0 c2 m0c
2 (37)

E = ( − m)m
′

c2

E =
E0

1− /v2 c2√
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Therefore, when we try to use the transformation between reference frames to derive the mass-

energy relation, the relativistic energy formula is equation (29), i.e., what Laue[42] and Klein[43] have

found. There is no need for Einstein’s thought experiment in 1946 to use the transformation between

reference frames to derive the mass-energy formula since the application of electromagnetic

momentum   and Newtonian momentum   by Einstein has implied   already.

Using the transformation between reference frames can logically lead only to   or 

.

6. Discussions

Electromagnetic energy contributing to the mass or inertia of electrons was common knowledge or

belief in the late nineteenth century. Thomson[44]  �rst proposed that electromagnetic energy

provided part of an electron’s inertia or mass. Lodge[45]  also investigated electric inertia.

Heaviside[46]  improved Thomson’s theoretical calculation of electromagnetic inertia.

Searle[47]  derived a formula for the electromagnetic energy of a charged sphere in motion. These

scholars recognized that electrostatic energy behaves as having electromagnetic mass, which

increases with its velocity. Based on the electromagnetic energy origin of the mass of electrons,

Lorentz[31]  derived mass-velocity formulae for the longitudinal and transverse mass, which di�er

from the later formulae[32] by only an indeterminate coe�cient. Kaufmann provided the experimental

evidence of electromagnetic mass[48][49]. Abraham also developed his theory of electromagnetic

mass[50][51]. Becquerel used the conversion of mass into energy to explain the source of the energy

emitted by radioactivity[35]. Hasenöhrl[34] obtained a mass-energy relation   in his study of

the radiation of moving objects. Many researchers considered all mass to arise from electromagnetic

energy[52][53]. Therefore, the idea of mass-energy equivalence was not as radical or revolutionary as

believed by people nowadays who read modern textbooks or popular science books and are not

familiar with physicists’ ideas and thoughts in the late nineteenth century and the beginning of the

twentieth century.

Strictly speaking, Einstein’s �rst derivation and many others are more like hat tricks to package the

mass-energy equivalence implied in classical physics as a relativistic formula. The mass-energy

relationship,  , is implied by Newtonian momentum    and electromagnetic

momentum    resulted from Maxwellian electromagnetic theory[24]  and thermodynamics[25]

P = E/c P = mv E = mc2

E = /E0 1 − /v2 c2
− −−−−−−−

√

m = /m0 1 − /v2 c2
− −−−−−−−

√

m = 4
3

E

c2

E = mc2 P ≡ mv

P = E/c
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[26][27][28]. If  , we can obtain the mass-energy equation directly from    and

electromagnetic momentum  . The electromagnetic energy contained in an object provides

mass  ; when a material object with mass m is converted completely into electromagnetic

energy, the total energy released is  . In contrast, Einstein’s “relativistic” derivation using

two reference frames is more suited to examine the relationship between the values of the same

variable measured in two frames with a relative velocity, such as a mass in the rest frame and the

moving frame. Understandably, Einstein’s result is velocity-dependent (i.e., valid only at low velocity)

because the key di�erence between two inertial frames is their relative velocity.

The Lorentzian ether theory, especially Einsteinian special relativity, deals with the relationship

between a variable’s values measured in two reference frames rather than between two variables

within one reference frame. The mass-energy equivalence is an issue within the same reference frame

instead of one across two reference frames, so it is not relativistic. Einstein packaged it as an issue

between two reference frames, which unavoidably led to logical mistakes and resulted in a velocity-

dependent mass-energy relation. Although    and    in classical physics and 

in special relativity have been known to physicists for a long time, most

physicists and the general public still strongly believe that    is an exclusively relativistic

result, overlooking the deep-rooted connection of the mass-energy equation with classical physics.

Therefore, establishing the true identity of    is not only important in physics but also

philosophically and historically signi�cant.

From the present study, we may draw the following conclusions:

First, the mass-energy equation is contained in Maxwell’s classical electromagnetic theory

and the momentum de�nition of Newtonian mechanics. With the momentum de�nition in Newtonian

mechanics   and Maxwell’s electromagnetic momentum  , the mass-energy equation 

 should be a logical consequence.

Second, all logically valid derivations of  , where both mass m and energy E are measured in

the same reference frame, rely on the two classical equations    and  . No matter

whether a derivation is under classical or relativistic conditions, the two equations must be held true.

If the two equations are denied in any of those derivations, it is not possible to arrive at 

  logically. If these two equations are held true, the mass-energy equation    can be

obtained directly without the special scenarios assumed for those derivations.

m = P/v P ≡ mv

P = E/c

m = E/c2

E = mc2

P = mv P = E/c

E = /E0 1 − /v2 c2
− −−−−−−−

√

E = mc2

E = mc2

E = mc2

P ≡ mv P = E/c

E = mc2

E = mc2

P ≡ mv P = E/c

E = mc2 E = mc2
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Third,    is a classical physics formula since it can be derived without resorting to relativistic

results.

Fourth, Einstein’s “relativistic” derivation in 1905 relies on the unjusti�ed assertion of 

  and  , and ignored that only the di�erence of the emitted

energy between the opposite directions a�ects the kinetic energy of the object. Therefore, his

derivation is logically invalid.

Fifth, the mass-energy equivalence should be for mass and energy measured in the same reference

frame rather than in di�erent reference frames. Einstein’s “relativistic” derivation leads only to an

approximation at low velocity for a velocity-dependent equation and an equivalence between energy

and mass measured in di�erent reference frames, demonstrating further that it is not a logically valid

derivation.

Sixth, Einstein’s nonrelativistic derivation in 1946 is incorrect from a relativistic point of view because

it ignores the relativistic e�ects in the moving frame. It is unnecessary from a classical physics point

of view because it uses the two classical equations,   and  , from which   can be

obtained directly.

Seventh, the logically valid result of relating energy and mass measured in two reference frames is the

relativistic transformation of energy between two reference frames  ,

corresponding to the relativistic transformation of mass between two reference frames 

.

References

1. a, bEinstein A (1946a). "E= mc2: the most urgent problem of our time." Science Illustrated 1:16–17.

2. ^Rhodes R. The making of the atomic bomb. New York: Simon and Schuster; 2012.

3. ^Bahcall JN, Pinsonneault MH, Basu S (2001). "Solar models: Current epoch and time dependences, neu

trinos, and helioseismological properties." The Astrophysical Journal 555 (2):990.

4. ^Dirac PAM (1928). "The quantum theory of the electron." Proceedings of the Royal Society of London.

Series A, Containing Papers of a Mathematical and Physical Character 117 (778):610–624.

5. a, b, c, dEinstein A (1905). "Ist die Trägheit eines Körpers von seinem Energiegehalt abhängig." Annalen

der Physik 18 (639):67–71.

E = mc2

− = + CH0 E0 K0 − = + CH1 E1 K1

P = mv P = E/c E = mc2

E = /E0 1 − /v2 c2
− −−−−−−−

√

m = /m0 1 − /v2 c2
− −−−−−−−

√

qeios.com doi.org/10.32388/R8SPT7 18

https://www.qeios.com/
https://doi.org/10.32388/R8SPT7


6. a, bRainville S, Thompson JK, Myers EG, Brown JM, Dewey MS, Kessler EG Jr, Deslattes RD, Börner HG, Je

ntschel M, Mutti P. A direct test of E= mc2. Nature. 2005;438(7071):1096-1097.

7. ^Planck M. Zur Dynamik bewegter Systeme. Sitzungsberichte der königliche preußischen Akademie der

Wissenschaften. 1907;29:542-570.

8. ^Planck M. Zur dynamik bewegter systeme. Annalen der Physik. 1908;331(6):1-34.

9. ^Stark J (1907). Elementarquantum der Energie, Modell der negativen und der positiven Elektrizität. Ph

ys Z. 8:881-4.

10. a, bDe Pretto O (1904). "Ipotesi dell'etere nella vita dell'universo." Reale Istituto Veneto di Scienze, Lette

re ed Arti 63:439–500.

11. ^Fern�ores F (2001). The equivalence of mass and energy. In Stanford Encyclopedia of Philosophy, edit

ed by Edward N. Zalta, Uri Nodelman and Colin Allen.

12. ^Einstein A (1919). "What is the Theory of Relativity?" The London Times, November 28, 1919.

13. a, b, cIves HE (1952). "Derivation of the mass-energy relation." Journal of the Optical Society of America

42 (8):540–543.

14. a, b, cJammer M (1961). Concepts of mass in classical and modern physics. New York: Dover.

15. a, bHecht E (2011). "How Einstein con�rmed E0= mc2." American Journal of Physics 79 (6):591–600.

16. a, b, c, d, eOhanian HC. Did Einstein prove E= mc2? Studies in History and Philosophy of Science Part B: S

tudies in History and Philosophy of Modern Physics. 2009;40(2):167-173.

17. a, bMa QP. The Theory of Relativity: Principles, Logic and Experimental Foundation. New York: Nova Sci

ence Publishers; 2013.

18. ^Maxwell JC. VIII. A dynamical theory of the electromagnetic �eld. Philosophical transactions of the Roy

al Society of London. 1865;155:459-512.

19. ^Poynting JH. On the transfer of energy in the electromagnetic �eld. Proceedings of the Royal Society of

London. 1883;36(228-231):186-187.

20. a, bPoincaré H. La théorie de Lorentz et le principe de reaction. Archives Néerlandaises des Sciences Exac

tes et Naturelles. 1900;5:252-278.

21. a, bLewis GN (1908). "A revision of the fundamental laws of matter and energy." Philosophical Magazin

e 16 (95):705–717.

22. ^Lewis GN (1909). "The Fundamental Laws of Matter and Energy." Science 30 (759):84–86.

qeios.com doi.org/10.32388/R8SPT7 19

https://www.qeios.com/
https://doi.org/10.32388/R8SPT7


23. a, b, cEinstein A (1946b). "An elementary derivation of the equivalence of mass and energy." Technion J

ournal 5:16–17.

24. a, bMaxwell JC. A treatise on electricity and magnetism. Oxford: Oxford University Press; 1873.

25. a, bBartoli A (1876). "Sopra I movementi prodotti della luce et dal calorie." Florence, Le Monnier.

26. a, bBartoli A (1884). "Il calorico raggiante e il secondo principio di termodinamica." Il Nuovo Cimento (1

877-1894) 15 (1):193–202.

27. a, bBoltzmann L (1884a). "Über das Arbeitsquantum, welches bei chemischen Verbindungen gewonnen

werden kann." Annalen der Physik 258 (5):39–72.

28. a, bBoltzmann L (1884b). "Über eine von Hrn. Bartoli entdeckte Beziehung der Wärmestrahlung zum zw

eiten Hauptsatze." Annalen der Physik 258 (5):31–39.

29. ^Nichols EF, Hull GF. The pressure due to radiation.(second paper.). Physical Review (Series I). 1903;17

(1):26.

30. ^Michelson AA, Morley EW. On the relative motion of the Earth and the luminiferous ether. American Jo

urnal of Science. 1887;3(203):333-345.

31. a, bLorentz HA (1899). "Simpli�ed theory of electrical and optical phenomena in moving systems." Koni

nklijke Nederlandsche Akademie van Wetenschappen Proceedings 1:427–442.

32. a, b, c, dLorentz HA (1904). "Electromagnetic phenomena in a system moving with any velocity smaller t

han that of light." Proceedings of the Royal Netherlands Academy of Arts and Sciences 6:809–831.

33. ^Preston ST. Physics of the ether. London: E. & F. N. Spon; 1875.

34. a, bHasenöhrl F (1904). "Zur Theorie der Strahlung in bewegten Körpern." Annalen der Physik 320 (12):

344–370.

35. a, bNature. 100 years ago. Nature. 2000;404:553.

36. ^Rutherford E. Radioactivity. Cambridge: Cambridge University Press; 1904.

37. ^Soddy F. Radio-activity: an Elementary Treatise, from the Standpoint of the Disintegration Theory. Lo

ndon: “The Electrician” Printing & Publishing Company; 1904.

38. a, bArzeliès H, Tordjman I (1966). Rayonnement et dynamique du corpuscule chargé fortement accéléré.

Paris: Gauthier-Villars.

39. a, bStachel J, Torretti R. Einstein’s �rst derivation of mass-energy equivalence. American Journal of Phy

sics. 1982;50(8):760-763.

qeios.com doi.org/10.32388/R8SPT7 20

https://www.qeios.com/
https://doi.org/10.32388/R8SPT7


40. ^Ma QP. Logical consistency issues in the theory of relativity. Shanghai: Shanghai Science and Technolo

gy Literature Press; 2004.

41. ^Ma QP. An epistemological analysis of Einsteinian special relativity: Do physicists in reality use Lorentz

ian ether theory? doi:10.32388/84DLJD.

42. a, b, cLaue M (1911). "Zur dynamik der relativitätstheorie." Annalen der Physik 340 (8):524–542.

43. a, b, cKlein F (1918). "Über die Integralform der Erhaltungsgesetze und die Theorie der räumlich-geschl

ossenen Welt." Nachrichten von der Gesellschaft der Wissenschaften zu Göttingen, Mathematisch-Physi

kalische Klasse 1918:394–423.

44. ^Thomson JJ. On the electric and magnetic e�ects produced by the motion of electri�ed bodies. Philosop

hical Magazine. 1881;11(68):229-249. doi:10.1080/14786448108627008.

45. ^Lodge OJ (1888). "Protection of buildings from lightning." RSA Journal 36:880.

46. ^Heaviside O (1889). "On the electromagnetic e�ects due to the motion of electri�cation through a diele

ctric." Philosophical Magazine 27 (167):324–339.

47. ^Searle GFC. On the steady motion of an electri�ed ellipsoid. Philosophical Magazine. 1897;44(269):329

-341. doi:10.1080/14786449708621072.

48. ^Kaufmann W (1902a). "Die elektromagnetische Masse des Elektrons." Physikalische Zeitschrift 4 (1b):5

4–56.

49. ^Kaufmann W (1902b). "Über die elektromagnetische Masse des Elektrons." Nachrichten von der Gesell

schaft der Wissenschaften zu Göttingen, Mathematisch-Physikalische Klasse 1902:291–296.

50. ^Abraham M (1902). "Dynamik des Electrons." Nachrichten von der Königlichen Gesellschaft der Wisse

nschaften zu Göttingen, mathematisch-physikalische Klasse 1902:20–41.

51. ^Abraham M (1903). "Prinzipien der Dynamik des Elektrons." Annalen der Physik 10 (1):105–179.

52. ^Thomson JJ. Electricity and matter. New York: Charles Scribner's Sons; 1904.

53. ^Comstock DF (1908). "The relation of mass to energy." Philosophical Magazine 15 (85):1–21.

Declarations

Funding: No speci�c funding was received for this work.

Potential competing interests: No potential competing interests to declare.

qeios.com doi.org/10.32388/R8SPT7 21

https://www.qeios.com/
https://doi.org/10.32388/R8SPT7

