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Abstract. This article tries to unified the four basic forces by Maxwell e-

quations, the only experimental theory. Self-consistent Lorentz equation is

proposed, and is solved to electrons and the structures of particles and atomic
nucleus. The static properties and decay are reasoned, all meet experimental

data. The equation of general relativity sheerly with electromagnetic field is

discussed as the base of this theory. In the end the conformation elementarily
between this theory and QED and weak theory is discussed.
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1. Bound Dimensions

A rebuilding of units and physical dimensions is needed. Time s is fundamental.
We can define:
The unit of time: s (second)
The unit of length: cs (c is the velocity of light)

Date: Sep 1, 2024.
Key words and phrases. Maxwell equations; Decay; Electron function; Recursive re-

substitution.
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The unit of energy: ~/s (h is Plank constant)
The unit dielectric constant ε is

[ε] =
[Q]2

[E][L]
=

[Q]2

~c
The unit of magnetic permeability µ is

[µ] =
[E][T ]2

[Q]2[L]
=

~
c[Q]2

The unit of Q (charge) is defined as

c[ε] = c[µ] = 1

then
[Q] =

√
~√

~ = (1.0546× 10−34)1/2C

C is charge’s SI unit Coulomb.
For convenience, new base units by unit-free constants are defined,

c = 1, ~ = 1, [Q] =
√
~ = 1

then the units are reduced.
Define

UnitiveElectricalCharge : σ =
√
~

σ = 1.027× 10−17C ≈ 64e

e = e/σ = 1.5602× 10−2 ≈ 1/64

It’s defined that
β := m/e = 1, m := |ke|

Then all units are power βn. This unit system is called bound dimension or bound
unit. We always take the definition latter in this article

β = 1

We always take them as a standard unit.

2. Inner Field of Electron

A-potential of electron is itself wave function of matter, and of course the wave
function of A-potential

(2.1) ∂l∂lA
ν = iA∗µ∂

νAµ/2 + cc. = µjν

∂ν ·Aν = 0, [A] = β

It’s with definition
pν := (E,p), xν = (t,x) : e−ipνx

ν

(Ai) := (V,A), (Ai) := (V,−A)

(J i) = (ρ,J), (Ji) = (ρ,−J)

∂ := (∂i) := (∂t, ∂x1
, ∂x2

, ∂x3
)

∂′ := (∂i) := (∂t,−∂x1
,−∂x2

,−∂x3
)

gij =


1 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 −1


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The mass and charge have the same movement.

µ =
4πα

e2

3. General Electromagnetic Field

Define

(x′, t′) := (x, t− r)
It’s found

∂2
x − ∂2

t = ∂2
x′ =: ∇′2

The following is the even electromagnetic energy of field A:

(3.1) ε =
1

2
< Aν |∂2

t −∇2|Aν >

under Lorentz gauge. The Hilbert bracket means 4-d integral. This term is the
same of the even static gravitational mass.

4. Solution of Electron

The solution by recursive re-substitution (RRS) for the two sides of the equation
is proposed. For the equation

P̂ ′B = P̂B

Its algorithm is that

P̂ ′(
∑
k≤n

Bk +Bn+1) = P̂
∑
k≤n

Bk

A function is initially set and is corrected by RRS of the equation 2.1. Here is the
start state

Ai = Are
−ikt, ∂µ∂

µAi = 0

The fields’ correction An with n degrees of Ai is called the n degrees correction.
Firstly

∇2φ = −k2φ

is solved. Exactly, it’s solved in spherical coordinate

−k2 = ∇2 =
1

r2
∂r(r

2∂r) +
1

r2 sin θ
∂θ(sin θ∂θ) +

1

r2 sin2 θ
(∂ϕ)2

Its solution is

Ωk := Ωklm = kjl(kr)Ylm(θ, ϕ)e−ikt

φk := kφklme
−ikt := khl(kr)Ylm(θ, ϕ)e−ikt

ωk := kj1(kr)Y11(θ, ϕ)e−ikt

After normalization it’s in effect

h =
e±ir

r
, j =

cos r, sin r

r

And
sin(kr)

kr
= N

∫ 2π

0

dϕ

∫ π

0

dθ · sin θ · eik·r=ikr cos θ

ω1(r) =< ρ(ŵ)δ(w − 1)eiw·r >w

δ(t) := lim
u→∞

∫ u

−u
eiktdk, x̂ :=

x

|x|
, 0̂ := 0
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Figure 1. The function of j1

Define

2πδβ(t) := lim
u→∞

∫ u

−u
e−β

+|k|eiktdk =
−i

iβ+ + t
+ cc.

This means

F−1(e−β
+|w|) = δβ(t)

< δβ(t) >t= 1

Define

fβ(t) := e−β
+|t|f(t)

It’s called Smoothly Truncated Function (STF).

(4.1) lim
β+→0+

< Tβ(t) >t=< T (t) >

The term Tβ is composed with normalized and similarly truncated functions to
coincide with the definitional steep truncation.

< δβ(t)e−iwt >t= F(δβ(t)) = e−β
+|w|

δβ(t) ∗ δβ(t) = δ2β(t)

The β has the effect of compressing spectrum,

< δkβ(t− C) >t= k̂ < δβ(t− C

k
) >t

< eiwtδkβ(t− z) >t= k < eikwtδkβ(k(t− z

k
)) >t=< eiwtδβ(t− z

k
) >t, k > 0

< δ2
kβ(w − k)eiwt >w=

2

2πkβ+
e−β

+|t| cos t+O(1/β+), k > 0

The unit (of the delta function) isn’t covariant for this formula. w/(w − k) is
expanded on |w| > |k| hence is integrated at the contour that is harmonic inside
and neighboring if |k| = 1+.

< ∇2 1

r
>r= −4π, ∇2 1

r
|r 6=0 = 0

∂2u = δ(t, r), u :=
δ(t− r)

4πr
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5. Electrons

It’s the start electron function for the RRS of the equation 2.1:

Aνi := il∂νωk(x, t), l ≈ 1

Some states are defined as the core of the electron, such are the start functions
Ai(x, t) for the RRS of the equation 2.1 to get the whole electron function of A-
potential: A = e

e+
r : ωm(ϕ, t), e−l : ωm(−ϕ,−t)
e+
l : ωm(−ϕ, t), e−r : ωm(ϕ,−t)
e+
r → e+

l : (x, y, z)→ (x,−y,−z)
The electron function is normalized with charge as

e =< Aµ|i∂t|Aµ >3 /2 + cc.

Best use the measure m = 1 that’s the best normalization especially their convolu-
tion is considered. It’s also a normalization on Ai,

< Aµi /l|Aiµ/l >3= 1

The MDM (Magnetic Dipole Moment) of electron is calculated as the second
degree proximation

µz =< Aν | − ∂ϕ∂t|Aν > /2 + cc.

=
e

2m
The spin is

Sz = 1/2

The correction in RRS of the equation 2.1 is calculated as

A−Ai =
(A∗i · i∂Ai/2 + cc.) ∗ u
1− ·i∂(Ai −A∗i )/2 ∗ u

The function of e+
r is decoupled with e+

l

< (e+
l )ν(−)|(e+

r )ν > /2 + cc. = 0

The following is the increment of the energy ε on the coupling of e+
r , e
−
l , mainly

between A2

εe = − < (e−r )ν(−)|(e+
l )ν > /2 + cc.

≈ −2e2 = − 1

4.12804× 10−20s
The following is the increment of the energy ε on the coupling of e+

r , e
−
r , mainly

between A4

εx = − < (e−r )ν(−)|(e+
r )ν > /2 + cc.

≈ −1

2
e6 = − 1

2.78685× 10−12s
The reflection of coordinates causes the reverse of variable ϕ, especially the integral
direction.

The following are stable naked particles:

particle electron photon neutino
notation e+

r γr νr
structure e+

r (e+
r + e−l ) (e+

r + e−r )
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6. System and TSS of Electrons

The following is the isolated system of particle x

A = Φ ∗ ex ∗4
∑
c

ec = Φ ∗ x

ec := ∗e,±e, d := (r, l)

There are transforms for the initial wave

Φ ∗ exc · h(−t) ∗ −ec := (Φ ∗ exc · h(−t))(−x,−t) ∗ ec
Φ ∗ exc · h(−t) ∗ ∗ec := (Φ ∗ exc · h(−t))∗ ∗ ec

These four split orbits of SO4 divided by Lorentz Transform, with the same dense
of matter, have the same scenic painting (independent of phase factor).

In calculation, the difference between the initial and final state is considered,

H(−t) := h(−t)t̂

∆P =< Φ ∗ exc ·H(−t) ∗ ec|P̂ |Φ ∗ exc · h(−t) ∗ ec >
Φ, ex are (complex) probability of matter, the single particle. Define the proba-

bility meeting on events (functions) P (A), P (B) and sample events A,B

P (A) ∨ P (B) := P (A ∨B)

P (A) ∧ P (B) := P (A ∧B)

A+A′ := A ∨A′, A ∧A′ = φ

P (A+B) := P (A) + P (B)

and dependency

P (A)P (B) = P (A)P (A ∧B)

P (A+A′)P (B) = P (A)P (B) + P (A′)P (B)

and United Probabilities

P (A) · P (B) := P (A,B)

(P (A+A′)) · P (B) = P (A) · P (B) + P (A′) · P (B)

There are calculations

P (I)P (I) = P 2(I)

if P (x ∈ R) is supported by almost the axis.

Proof. They are set:

p(I) · p(I) = p(I)p(I), p(x) = k′−1P (k−1x)

p′(I) = p′(I)p′(I), p′(x) = k′−2P (k′−1x)

then

kp(kI) · kp(kI) · k = kp(kI)kp(kI)

k′p′(k′I) · k′ = k′p′(k′I)k′p′(k′I)

P (I) · P (I) · k = P (I)P (I)

P (I) · k′2 = P (I)P (I)

Taking k = k′ to prove. �
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P (A)P (B) = P 2(A ∧B)

P (A)P (B) · P (A′)P (B′) = (P (A) · P (A′))(P (B) · P (B′))

At the end of the formula, it means to integrate.
Classical probability and wave function (or their harmonic branches) differ in

a correct phase factor. Particle is hung (i.e. convolution) on the wave branches of
the number. They are normalized with dependency,

< ex|ex >3= 1, < Φ|Φ >3= 1, < ex|ex >= 1, < Φ|Φ >= 1

and particle number

< ec|ec >c3= 1, < ec|ec >c= 1

< exc ∗ ec|exc ∗ ec >3= 1, < exc ∗ ec|exc ∗ ec >= 1

This A-potential is called EM field. A whole particle appears average one time in
space, also appears one time in time-space. So that the truncated and normalized
function is like

Ωk,kβ/ < Ωk,kβ ,Ωk,kβ >
1/2

and the truncations of the functions are similar. (4.1).
Make the action of EM energy to find the law of physics. For the isolated

particle x,

δ(< xν |∂µ∂µ|xν > /4 + cc.) = 0

Transient steady state (TSS) is monochromatic,

∂µ∂µex = 0

ex := Ωkx(x)

ex here is called a light state (LS).
By calculation the normalization of the number of isolated particle x in proba-

bility

(6.1) 1 =< exc ∗ eνc |exc′ ∗ ec′ν >

|kx| = nx, nx :=< exc|exc >
The number of electron (i.e. branch) is verified as

<
√
NcΦ ∗ exc ∗ eµc |

√
NcΦ ∗ exc ∗ ecµ >c= 1

Its mechanical or probabilistic physical subjected by number is calculated so, such
as static charge and momentum, angular momentum. Probabilistically, the mo-
mentum is

(6.2) pνc =<
√
NcΦν ∗ exc ∗ ec| −

√
Nc
m

i∂ · Φν ∗ exc ∗ i∂tec >c /2 + cc.

for each electron. The sign between charge and Mass is negative for electron.
Its wave-function of e-current is explained as

(6.3) µJ =< Φ ∗ exc ∗ eνc |i∂ · Φ ∗ exc ∗ i∂tecν > /2 + cc.

The electromagnetic physical related to e-field such as MDM, interactive potential,
etc. is calculated so.

There is by calculation

< Aν |1
2
∂µ∂µ|Aν > /2 + cc. =

1

2
< µ(ĴνAµ) ∗ u|µĴνAµ > /2 + cc.
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Figure 2. neutrino radiation

7. Muon

µ− : eµr ∗ (e−r − ∗e−r + ∗e+
r ), eµ = ex(kx = −3β)

µ is approximately with mass 3m/e = 3 × 64m [3.2][1] (The data in bracket is
experimental by the referenced lab), spin Se (electron spin), MDM µBm/kµ. In
the four transforms, only conjugation ”∗” changes the angular-momentum.

The first one of the four split orbits means our world (light cone), with positive
direction of wave front, or the matter is transported in reversed direction, such
will change the classical mechanics, and only the reflection of time-space can set it
normal.

The main channel of decay is

µ− → e−r + νr

eµ ∗ e−r + eµ ∗ (− ∗ e−r + ∗e+
r )→ eµ ∗ (e−r + ∗νr)⇒ φ ∗ e−r + φ′ ∗ νr

Its main life is

εµ :=< eµ ∗ (e+
r )ν |eµ ∗ (i∂t)

2(e−r )ν > /2 + cc.

=
βe3εx
kµ

= − 1

2.2015× 10−6s
[2.1970× 10−6s]

The measure m = 1 is applied. It’s used for the conservations of momentum and
angular-momentum in mass-center frame.

8. Pion

The pion is perhaps an atom,

π− : (e−l + e−r , e
+
l )

Decay Channels:
π− → e−r + νl, e−r → −e+

r + νr

The mean life approximately is

−e2εx/2 =
1

2.3× 10−8s
[(2.603× 10−8s][1]
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The precise result is calculated with successive decays.

9. Pion Neutral

The pion neutral is perhaps

π0 : (e+
r + e+

l , e
−
l + e−r )

It’s the main decay mode as

π0 → γr + γl

The loss of interaction is

−2e2εe =
1

8.48× 10−17s
[8.4× 10−17s][1]

10. Proton

The proton may be like

p+ : epl ∗ (4e−r + 3e+
r − ∗2e+

r ), ep = ex(kx = 29β)

The mass is 29 × 64m [29][1] that’s very close to the real mass. The MDM is
calculated as 3µN , spin is Se. The proton thus designed is eternal.

Decay is a discrete Malcov process. Figure out its transitional map to find its
feasibility. Its life are calculated like (13.1).

11. Neutron

Neutron is the atom of a proton and a muon

n = (p+, µ−)

The muon take the first orbit, with the decay process

Φ ∗ eµ ∗ (e−r − ∗e−r + ∗e+
r )→ Φ ∗ eµ ∗ (e−r + ∗νr)⇒ φ ∗ e−r + φ′ ∗ νr

Calculate the variation of the action of open system, the conservative amount: the
inner EM energy adding the kinetic energy of muon,

(11.1) i∂tΦ +
1

2mµ
∇2Φ = − αm

mµr
Φ

Two of the terms of EM energy are neglected.

Φ = Ne−r/a0e−iE1t, φ(r) = Ne−r/r0

E1 = EB ·
m

mµ

EB = −α
2m

2
= −13.60517eV, a0 = 0.5291772× 10−10m,

ER = − < (φ| ∗ |φ)|2 cos r >r= 1.10495E1

Normalization factor is omitted. It’s approximately the decay life of muon in the
orbit that

εn = −β−1ER · εµ = − 1

922s
[877.75s]

After correction of the orbit radium cause of the great mass of muon, the life is
877.96s.
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12. Atomic Nucleus

We can find the equation for the fields of Z ′ ones of proton: Φi, and the fields
of n ones of muon: φi = ΦZ′+ν ,

Φ =
∑
i

Φi, φ =
∑
i

φi

ϕν := Φν ∗ (p/µ)

The gross even EM energy is conservative by system. The interactive EM potential
belongs to mechanical energy, needs the output of self-EM-energy of agents.

I =
∑
µ

< ϕµ|1
2
∂ν∂ν |ϕµ > /2 +

∑
µ

< ϕµ|1
2
∂ν∂ν |

∑
i 6=µ

ϕi > /2 + cc.

The variation acts on the abstract function that doesn’t include its self-variable.
Make this action to find the TSS

∂ν∂νΦi = 0

By the principle of the lowest (extreme) energy I, and the invariant self-crossings
in herewith logics,

< Φi|Φj >= δij

Naked muon and proton are coupling indeed. To magnify the −kµ to kp is legal,
because the argument exists with this (Lorentz) covariance. Use the argument of
space-dimension, with the part respective to time deleted form the variation,

(12.1) (
1

2
∂2
t Φ− ikp∂tΦ +

1

2
∇2Φ + 12(Z ′ + 1)Φ− 12nφ)|t=0 = 0

(
1

2
∂2
t φ− ikp∂tφ+

1

2
∇2φ− 12Z ′Φ + 12(n− 1)φ)|t=0 = 0

It’s important to discriminate whether variation is on function or on variable. Make
combination of the both functions

ζ = (Φ + φη)|t=0

(Z ′ + 1)− ηZ ′ = −n/η + (n− 1) =: N

η =
(Z ′ − n+ 2)±

√
(Z ′ − n+ 2)2 + 4Z ′n

2Z ′

(12.2) N(Z ′, n) =
1

2
(Z ′ + n−

√
(Z ′ + n)2 + 4(Z ′ − n) + 4)

≈ −χ χ :=
Z ′ − n
Z ′ + n

then

−(E2/2 + Ekp)ζ +
1

2
∇2ζ + 12Nζ = 0

hence
E2 + Ekp − 12N = 0

E = −1

2
(kp +

√
k2
p + 48N)

≈ −(kp +
12N

kp
)

For N = χ = 1/3
E ≈ −kp + ∆, ∆ = 4.52MeV
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The groups of muon or proton are with waves of the third layer

Φi = e−iEtΩElm

12.1. Decay Energy. The life-involved energy of proton or muon under the solved
wave Φ is averaged as

ε =< Φi ∗ (p, µ)l|Ĵ0|Φi ∗ (p, µ)l > /4 + cc.

= (3/58− 1

|E|
, 1/6 +

2

|E|
)e3

The difference of e3/|E| is

E∆ ≈
1

3.23× 10−14s
, ∆E = ∆

The decay

14C → 14N + µC

is with zero energy decrease unless the neglected weak crossings are considered.

12.2. β-stable and Neutron Hide. In the solutions when a proton combine with
a muon the both have the same wave function:

Φµ = φµ

then this terms will quit from the interactional terms of the previous equations

(Z ′x, nx)→ (Z ′x − 1, nx − 1)

This will change the flag energy E. If a β-decay can’t happen then a dismiss of
this neutron hide will help before the timeless departure. The ratio 2 : 1 = Z ′ : n
between interactive protons and muons is critic (sign) point of gross energy. z is
the number of departed muons. So that if

−N(Z ′ − z, n) ≤ −N(Z ′ + max(z) + z, n+ max(z) + z)

the β-decay will not happen likely. The number and charge of particles conserve.
The n+ z is the charge of the right (final) particles.

(12.3)
Z + κ− h− z
3(Z + κ)− z

≤ Z + κ− h
3(Z + κ) + 2 max(z) + 2z

, 8h := 3κ2 + 8κ− 16

It’s found for a critic point
κ ≈ −8 : h ≈ 14

(between seven and eight), and
Z ≈ 29

By the following result 12.4, conditions χ = 1/3 and max(z) = 0 are specific for
this critical point, for the other Z or κ, the both of which are incompatible.

The condition 12.3 is solved to

2(z + max(z))z < 2 max(z)(Z + κ)− (2 max(z) + z)h

hence as

(12.4)
1

4
< χ ≤ 1

3
, z ≤ max(z) = ((Z + κ)− 1.5h)/2

the reaction is very weak.
Near the stable χ, it’s the Average Binding Mass Per Nucleon according to

charge number that
M(Z) = X · (−E − kp)
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Figure 3. Average Binding Mass: M(0)−M(Z)

X = (Z ≤ 29) + (Z > 29)
2.0

2.5− 10.5/(Z − 8)

The EM energy is the same of the static gravitational mass. For a proton,

mp =< Φν ∗ p|
1

2
∂µ∂

µ|Φν ∗ p >≈ kp

The wave’s motive mass is found the flag energy. Mass is detected by energy change
in movement.

Mν = −E

13. Basic Results for Interaction

For decay

(13.1) W (t) = Γe−Γt

(13.2) Γ =< Aν |µĴ0|Aν > |t=0
∞ /4 + cc.∫ ∞

0

W (t)dt = 1 Γ = 1∫ ∞
0

W (t)dt/Γ = 1 Γ = 1

J0 is referenced to 6.3. Γ is interactive potential. The interactive by magnetic field
makes no work.

The distribution shape of decay can be explain as

A0e
−Γt/2−ikxt, 0 < t < ∆

It’s the real wave of the particle x near the initial time and is expanded in that
time span

≈
∑
k

Ceikt

k − kx − iΓ/2

Variation principle of classical mechanics. Potential change (energy output)
makes a force on the object, kinetic energy change (energy input) also makes a
force, The two forces are the same. To check the object’s mechanical, potential
subtracting kinetic energy is the argument of action.
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Figure 4. scattering e-e

The phase-factor includes all the information of momentum, which is denoted
by B. The real part of the exponent has no contribution to the momentum,

(13.3) < Aν |Aν >=< B ∗ u|B ∗ u >
Use the definitional steep truncation. This variation gives the same of the previously
related A

0 = δ < B|B >= δ(B∗(−) ∗B)|0 = (B∗(−) ∗ δB)|0 =< B|δB >

B := exp(−i(∂νA∗µ · ∂νAµ/4 + cc.))

The scattering of e-e

A := h(−t)eipAx, B := h(t)eipBx, C,D...

t̂ · eitf(x) = −t̂ · e−itf(x)(x→ −x)

Uν := (P νAA+ P νBB) ∗ el + (P νCC + P νDD) ∗ e′l

In the end the second term is

P2((A,C)→ (B,D)) =< Uµ∗Uµ ∗ u+ cc.|Uν∗Uν ∗ u+ cc. > /16

Self-cross is zero. The two electrons orthogonally couple,

P2((A,C)→ (B,D))

= k(
(PA + PB)ν(PC + PD)ν
(pA − pB)µ(pA − pB)µ

)2 · δ(pA − pB + pC − pD)

14. Grand Unification

The General Theory of Relativity is

(14.1) Rij −
1

2
Rgij = −kTij

by making the variation of even static mass that’s conservative [2]

δ < R/k − T >= 0, k = k(x, t)

Then

Rij = k(−Tij +
1

2
Tgij)

Tij = − 1

µ
(F ∗iνF

ν
j − gijF ∗µνFµν/4)
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Varying unit s to S to set k = 1.

15. Algebra of Tensor

Tensor units ∂t and dt are reciprocal linear transformations

∂x(t) = ∂t · ∂xt, dx(t) = dt · ∂tx
and logically

∂ = d, ∂t :=
1

∂t
and traditionally it’s written as below, inconsistently to the definitions herewith

∂tf := ∂f/∂t

This equation is transferred to the definition in Euclidean space

∂xi · dxj = 1

In Rieman space they are suitable to Lorentz transform,

∂∗j · dxi = 1

(t′, ir′) = (t, ir)

[
cos(iρ) − sin(iρ)
sin(iρ) cos(iρ)

]
.

Space rotation causes no variance. Rieman measurement can be expressed in Eu-
clidean space

dxi = gij∂∗j

dxi · dxj =: gij

It’s noticed that gij itself is a differential of Euclidean measure. There is an imag-
inary unit in the space coordinates. Hence

pj∂∗xj · Pidx
i = piPi

and
dxi · ∂xi

are co-variant (or invariant).
Harmonic wave phase and front are described by

F (xi(s0)), ∂s0 :=
∑
i

∂xi , (xi) = (t, il)

∂s0 ∂F

∂s0
= ∂xi

∂F

∂xi

The co-variance of the vectors are checked, for the movement of the wave front

pi = ∂xi/∂s0 = ∂s0/∂xi

and for the wave vector
Pi = ∂s0/∂xi

then
p = ∂i · ∂xi/∂s0,

P = dxi · ∂s0/∂xi

One is co-variant, the other is contra-variant, in one dimension

P = p, mds0 = dF

This result leads to the operators of momentum.



EM FIELD AND MATTER 15

16. Conclusion

Fortunately, this model explained all the effects in the known world: strong,
weak and electromagnetic effects, and even subclassify them further if not being
to add new ones. In this model the only field is electromagnetic field, and this
stands for the philosophical that the unified world is from an unique source, all
that depend on the hypothesis: A-potential is itself a quantum process of charge.

My description of particles is compatible with QED elementarily, and only con-
tributes to it with theory of consonance state in fact. In some way, the electron
function is a good promotion for the experimental models of proton and electron
that went up very early.

As a result, the static mass conserves, but the energy doesn’t, for our world.
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