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INTRODUCTION

In contrast, the mass in the energy-mass equivalence equation [1] has two interpretations
[2]. Interpretation 1 is that energy and mass are not exactly the same; the energy of an
object changes depending on velocity whereas the invariant mass does not change in any
way. Interpretation 2 is that, apart from the constant c?, energy and mass are exactly the
same; the energy of a moving object is larger than that at rest. That is, when in motion, an
object’s relativistic mass is greater than when stationary. The majority of particle physicists
have adopted Interpretation 1 [3]. We have here adopted Interpretation 2 with the
equivalence principle of the momentum of light.

Relationships among invariant, (relativistic,) grav itational, and inertial mass:
The relativistic mass (m,) of a moving object [4] can be calculated using the Lorentz factor
from the invariant mass (mg). However, Einstein has stated that, apart from its Lorentz factor
connection, the “physical meaning of this mass is not known; it therefore is better not to use
anything other than invariant mass”, [5]

me = ymo = mo/(1 — v?/c?)2, (1)
The total energy of the object increases with the addition of kinetic energy [12],

E = [(moc®)® + (pc)’T™. 2
Using p = VE/c’and M = E/c®[1], Eq. (2) is

E = Mc? = ymoc? = moc?/(1 - V¥ic?)M2, ©)

Compared with the speed of light in the invariant system, the wave speed (Hamaji's light
equivalence principle [6]) in another inertial system is

w=fA=cly=(c? - v)™, (4)

If this increased kinetic energy (pc) is by interpretation 2 [3] a gravitational mass then the
mass associated with the total energy is also a gravitational mass M. The inertial mass m is
the mass of the combined action of the change in gravitational mass with the energy
increase (physical action), and the change in relativistic mass by scale conversion
(mathematical action),
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m = M(c/w) = yM = y*mg. (5)

Hence, the inertial mass reverts to Eq. () if m = yM = ymq (see Appendix for details). This
frees up the limitation that inertial mass = gravitational mass, but retains the essential
equivalence principle of energy and momentum. This enables the mass and speed of
another inertial system to be given without the need to perform a coordinate transformation,

Eo = moc® = mw? = y’mo(cly)>. (6)

This preserves the relationship that energy is mass times the square of the speed.

Light's equivalence principle (LEP) in the invarian  t system:

My previous research involved representing energies (gravitational mass, inertial mass, and
Planck’s constant) of different particle speeds as an equivalence for quantum (Mc = AmAw
= hf/c). In addition, E = Mc? (kinetic energy is changed to mass) does not indicate that the
total energy change is always proportional to particle speed. Therefore, “energy
representation of a mathematical action,” and “energy change of a physical interaction” are
not similar. The actual physical phenomenon should distinguish between these actions.
Table [A1] and |A2] show their distinction.

TABLE ALl: Differences between the energies computed by the complex notation and

by conventional methods

Invariant No energy Increase of Decrease of
Total energy

energy [7] change [8] energy energy
Gravitational | Mc? Mc? tMc? mc?
mass Mw,? M(AVZ + Aw?) | tMOVE + (w?) | IM(VE + twP)
Planck’s hfy hf Thf Lhf
constant hwq hw Thw lhw
Inertial MyCWo (Am)c(Aw) T(rm)c(w) L(m)c(tw)
mass [9] MoCAfo (Am)c(AA)f T(tm)c(A)f L m)c(1A)f

M: Gravitational mass, c: Speed of light, v: Particle speed, w: Wave speed, h: Planck
constant, f: Frequency, m: Inertial mass, A: Wavelength, h: Dirac’s constant, w: Angular
velocity, AA: Inverse proportion, 1: Increase, |: Decrease.

In the above table, the rows show the energy representation differences.

Gravitational mass is the weight as defined by universal gravitation.

Planck’s constant is a physical constant of quantum theory.

Inertial mass quantifies the resistance of an object to the movement.

The columns indicate whether the energy computed in the complex notation has increased
or decreased, relative to the standard computation.

No energy change denotes an inverse proportionality between the particle and wave
speeds of the physical quantity (10). For example, the particle velocity of an object in free
fall increases while its wave speed decreases. In addition, a photon is red (blue) shifted by a
change in the gravitational field.

(#?) Increase (Decrease ) of energy denotes that the particle—wave energy relationships
of each physical quantity increase or decrease. For example, the kinetic energy increases



(decreased) during acceleration (deceleration) of an object. This scenario equally applies to
a motionless object seen by a moving observer.

TABLE A2: This was represent the "Case of the total

energy change" and "Case of the

total energy no change" of the Fermion and the phot  on.

Fermion Total energy representation Photon Total energy representation
Inertial E = Mc”= M@ +V" + w) E = Mc’ = M(2¢ + w’)
motion = hf = hw Propagation | = hf

= mcw = MCAf = mcw = MCAf
Acceleration  |H-E— tMc” = tM(2¢ + V2 + |W") | Inverse 1E = TMc® = tM(2¢ + W)
by boost = thf = thw Compton = thf

= 1(mjc(w) = f(qmjc(Af __feffect = fmew = pmeAf i

E=|Mc "= |M2¢+ |V + E=|Mc= |IM(20p +
Deceleration l: lhfl: Ehwl (2@ + V" +1w) Gompton l: lhfi c” = [M2¢ +w)
by friction effect

= lme(tw) = J(Im)c(1A)f = Jmcw = JmeAf
Escape from | E = Mc® = M(|2¢ + |v* + 1w) Gravitational | E=MC = M(12¢ + 1w)
Gravitational | = hf= hw R(re?j\flsﬁhl‘?na = hf
source = (tme(iw) = (Um)e(IAf = (Im)c(tw) = (Im)c(IA)
Free-fall to E =Mc” = M(12¢ + tv° + |w°) _ E = Mc? = M(12¢ + |W?)
Gravitational | = hf= hw (Bglrua(;/—ll?qtilfctmal = hf
source = (Im)c(Jw) = (Im)c(A)f = (tm)c(lw) = (Im)c(LA)f

11: Inverse proportion, 1: Increase, |: Decrease.
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The invariant system is the same inertial system of the Lorentz factor (y = 1) that the wave speed
is at the same frequency and the speed of light.

The wavelength is inversely proportional to the inertial mass. They are also proportional to the
wave velocity and inversely proportional to the energy.

The transversal Doppler Effect is determined by the wave speed, and is independent of energy.

v? includes a gravitational potential (2¢). The wave speed inversely varies with v, and
the speed of light is constant. The gravitational field is integral to the fermions. Graviton
exchange does not change the total energy of the quantum.



