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Abstract

This paper examines the external electromagnetic field configuration of an elec-

tron not as a passive Coulombic appendage, but as a dynamic, structured, and me-

chanically active entity. We posit that the bound electromagnetic field surrounding

an electron possesses intrinsic geometric structure, continuous circulatory motion,

and elastic (spring-like) properties. This field is responsible for energy storage,

photon exchange, and provides the mechanical resistance interpreted as rest mass.

The model operates within classical Maxwellian electrodynamics and special rela-

tivity, requiring no new forces or modifications to the speed of light. We describe

the field’s helical geometry, derive its equations of motion, calculate its effective

elastic constant, and explain the mechanisms of photon absorption/emission and

velocity saturation. This framework offers a physically intuitive, mathematically

consistent picture of the electron as an integrated charge-field system, resolving

long-standing conceptual gaps in the mechanical interpretation of mass, spin, and

quantum transitions.

1 Introduction

1.1 The Crisis in Understanding the Bound Electromagnetic

Field

At the core of every charged particle lies a subtle paradox: the electromagnetic field

must simultaneously play two conflicting roles. On one hand, according to Maxwell’s
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equations, electromagnetic fields possess an intrinsic tendency to propagate at the speed

of light. On the other hand, the field accompanying an electron remains permanently

bound—not only does it not escape, but it maintains a dynamic, responsive structure

that determines the particle’s behavior.

This paradox runs deeper than it first appears. If the electromagnetic field is truly

”bound,” then:

1. What mechanism holds it adjacent to the particle?

2. How does it interact with the particle?

3. Why does it exhibit elastic (spring-like) behavior?

1.2 Distinction from Previous Models (EBFC and Eight-Layer

Donut)

The present model builds upon two earlier frameworks developed by the authors:

• EBFC model [1] introduced the concept of electromagnetic bound field configura-

tions and demonstrated that energy-momentum confinement can generate effective

rest mass.

• Eight-layer donut model [2] provided a specific, parameter-free geometric struc-

ture for the electron’s internal layers, predicting an inertial margin of 7.8 keV.

While these models focused on the existence and quantitative structure of bound fields,

the current work examines their dynamical and mechanical properties—specifically, how

the bound field behaves as a rotating, elastic entity. This mechanical perspective is

the primary innovation, offering a bridge between the geometric structure of [2] and

observable phenomena such as photon absorption/emission, resistance to acceleration,

and response to external fields.

1.3 Classical-Quantum Bridge

The model presented here operates within classical electrodynamics and special relativity,

yet it aims to describe phenomena traditionally associated with quantum mechanics (dis-

crete energy levels, photon emission, spin). This is not a contradiction but a deliberate

attempt to build a conceptual bridge between the two frameworks. We treat quantum ef-

fects as emergent properties of the classical field dynamics, in the spirit of ”pre-quantum”

models like those of de Broglie and Schrödinger. The quantization of energy, for instance,

arises from the boundary conditions of the helical field (phase continuity), not from an

external postulate. Similarly, the uncertainty principle is reinterpreted as a consequence
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of intrinsic field fluctuations. This approach does not replace quantum mechanics but

offers a complementary physical picture that may deepen our understanding.

1.4 Failure of Conventional Descriptions

1.4.1 Lorentz Classical Field Model

The field is treated as static and non-dynamic—merely a byproduct of charge. This model

cannot explain:

• Why the field has no kinetic energy yet affects the particle’s motion?

• Why the field can be compressed or stretched?

• How it exchanges photons?

1.4.2 Quantum Electrodynamics (QED)

In QED, the field is described as a collection of virtual photons. Yet this description:

• Provides no physical picture

• Does not reveal the actual dynamics of the field

• Does not explain the nature of binding

1.4.3 The Fundamental Problem

None of the existing models treat the bound field as an independent dynamical

entity. The field is either described too simply (classical) or too abstractly (quantum).

1.5 Empirical Observations Requiring Explanation

1.5.1 Elastic Behavior

• The electron oscillates in external fields like a spring

• The Larmor frequency in magnetic fields

• Return to equilibrium after perturbation

1.5.2 Discrete Energy Exchange

• Absorption and emission of photons in discrete packets

• Precisely determined energy (E = hν)

• Energy storage in the field prior to emission
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1.5.3 Resistance to Acceleration

• Rest mass as resistance to acceleration

• Exponential increase in required energy for near-light speeds

• Synchrotron radiation during acceleration

1.6 The Need for a New Paradigm: The Field as a Dynamical

Entity

1.6.1 Fundamental Hypothesis of This Paper

The bound electromagnetic field surrounding an electron is an independent

dynamical entity that:

1. Has continuous circulation (rotation around the electron)

2. Exhibits spring-like behavior (capable of compression and extension)

3. Engages in dynamic energy exchange with the environment

4. Possesses its own geometric constraints

1.6.2 This Hypothesis Leads to New Questions:

1. What is the geometric structure of the bound field?

2. What is the circulation mechanism?

3. How does it store and release energy?

4. Where are its compression limits?

5. Why does it not separate from the electron?

1.7 Approach and Structure of the Paper

This paper examines the bound electromagnetic field not as a secondary feature, but

as an active, determining component of electron behavior. It is organized into 8

sections:

1. Introduction (current section)

2. Geometric Structure of the Bound Field

3. Dynamics of Circulation and Rotation
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4. Elastic (Spring-like) Properties

5. Mechanism of Energy Exchange with Photons

6. Interaction with External Fields

7. Limits and Compression Boundaries

8. Implications and Proposed Experiments

2 Geometric Structure of the Bound Electromag-

netic Field

2.1 Foundational Assumptions: From Maxwell’s Equations to

Helical Geometry

The hypothesis that the bound field possesses a helical structure is not arbitrary but

emerges from three well-established principles:

1. Maxwell’s curl equations: In source-free regions, the electric and magnetic fields

satisfy ∇ × E = −∂B/∂t and ∇ × B = µ0ϵ0∂E/∂t. These coupled equations

naturally admit solutions with rotating field vectors—circularly polarized waves

being the simplest example. For a bound, non-radiating configuration, the rotation

must be confined, leading to a standing helical pattern.

2. Angular momentum conservation: The electron possesses intrinsic spin ℏ/2.
In a classical field picture, this angular momentum must originate from some cir-

culatory motion. A helical field structure provides a natural mechanism: the field

rotates around the propagation axis, carrying angular momentum.

3. Self-consistency condition: For a wave to remain confined on a closed path (e.g.,

around the electron’s core), the phase must repeat after one full revolution:∮
k · dl = 2πn, n ∈ Z

This condition, combined with the dispersion relation ω = ck for free propaga-

tion, forces a specific relation between the helix pitch and radius, leading to the

quantization of angular momentum.

Thus, the helical geometry is not an ad hoc assumption but a consequence of applying

Maxwell’s equations and conservation laws to a confined, rotating electromagnetic field.
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2.2 Helical (Spiral) Geometry of the Bound Field

2.2.1 Visual Intuition:

The bound field is envisioned as a rotating helix around the central core. This helix is

not merely a field line, but a complex three-dimensional structure that:

• Has a specific energy distribution in the radial direction

• Exhibits continuous rotation in the angular direction

• Possesses a definite pitch in the axial direction

helical_structure.png

Figure 1: Schematic representation of the rotating helical field around the central core.
The arrows indicate both rotational and axial components of the field.

2.3 Key Geometric Parameters

2.3.1 1. Effective Radius Rb:

The average radius of the bound field from the center. For an electron at rest:

Rb ≈
λC
2π

=
ℏ
mec

≈ 3.86× 10−13m

(the reduced Compton radius)
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2.3.2 2. Helical Pitch P :

The distance the helix advances along the axial direction in one complete revolution:

P =
2πRb

n

where n is the number of twists per unit length.

2.3.3 3. Rotation Frequency ωb:

The angular velocity of field rotation:

ωb =
vrotation
Rb

2.4 Mathematical Description of the Helical Field

2.4.1 Electric Field in Cylindrical Coordinates (ρ, ϕ, z):

E⃗(ρ, ϕ, z) = E0e
−ρ2/2σ2

 cos(kz − ωbt+mϕ)

− sin(kz − ωbt+mϕ)

0


2.4.2 Associated Magnetic Field:

B⃗ =
1

c
ẑ × E⃗ (for TEM wave approximation)

2.4.3 Wave Number k and Dispersion Relation:

k =
2π

P
=

n

Rb

ωb = ck (for free field propagation)

However, in the bound state: ωb < ck due to phase velocity reduction.

2.5 Boundary Conditions and Confinement Mechanism

2.5.1 Why Doesn’t the Field Escape?

The bound field satisfies self-consistent boundary conditions:

1. Phase Continuity: The wave must be in phase with itself after one complete

revolution: ∮
k⃗ · d⃗l = 2πm, m ∈ Z

2. Energy Balance: Centrifugal energy is balanced by field tension.
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3. Angular Momentum Conservation: Field rotation provides intrinsic angular

momentum (spin).

2.6 Comparison with Other Known Structures

Structure Similarity to EBFC Key Difference
Cylindrical
Waveguide

Wave confinement Requires external physical
boundaries

Current Loop Magnetic field rotation Requires external current
source

Vibrating String Standing wave modes Has fixed nodal points
Helical Spring Elastic behavior Made of physical material

Table 1: Comparison of the EBFC structure with known physical systems

Unique Feature of EBFC:

• Self-confining (requires no external boundaries)

• Self-consistent (parameters determined from field equations)

• Dynamic (exhibits continuous rotation)

2.7 Different Structural States

2.7.1 Ground State (Rest):

• Symmetric helix

• Uniform rotation

• Minimum energy

2.7.2 Excited State:

• More compact helix

• Faster rotation

• Higher energy

2.7.3 Moving State:

• Broken symmetry

• Rotation + translation

• Modified helical pitch
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2.8 Consequences of Helical Geometry

2.8.1 1. Spin Generation:

Field rotation creates intrinsic angular momentum:

Sz = ϵ0

∫
(r⃗ × (E⃗ × B⃗))z d

3r

2.8.2 2. Magnetic Moment Behavior:

Effective loop current from charge rotation:

µ⃗ =
1

2

∫
r⃗ × J⃗ d3r

2.8.3 3. Quantized States:

Phase continuity condition leads to quantization:

m = 1, 2, 3, . . . (quantum numbers)

2.9 Summary of Section 2

The proposed geometric structure for the electron’s bound field possesses these charac-

teristics:

1. Helical nature (rotation + progression)

2. Self-confinement (no need for external boundaries)

3. Field-determined parameters (from Maxwell’s equations)

4. State variability (compression, extension, pitch modification)

This geometry not only confines the field but also provides a physical foundation for

all dynamic behaviors of the electron.

3 Dynamics of Rotation and Motion of the Bound

Field

3.1 Mechanism of Continuous Rotation

3.1.1 Why Does the Field Rotate?

The rotation of the bound field is not an arbitrary choice but a dynamical necessity

arising from:
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1. Angular Momentum Conservation: Electron spin (ℏ/2) requires rotational

motion

2. Force Balance: Centrifugal force must balance field tension

3. Structural Stability: Rotation prevents structural collapse

3.1.2 Rotational Equation of Motion:

I
d2θ

dt2
+ γ

dθ

dt
+ κθ = τext

where:

• I = effective moment of inertia of the field

• γ = damping coefficient

• κ = torsional constant

• τext = external torque

3.2 Calculation of Field Moment of Inertia

3.2.1 Rotational Energy Density:

urot =
1

2
ρeffv

2
ϕ

where ρeff = uEM

c2
is the effective mass density of the field.

3.2.2 Moment of Inertia for Cylindrical Distribution:

I =

∫
ρeffr

2dV =
1

c2

∫
uEMr

2dV

3.2.3 For Gaussian Distribution:

I ≈ UEM

c2
R2

b ≈ meffR
2
b

where meff = UEM

c2
is the effective mass of the field.

3.3 Rotation Speed and Rotational Kinetic Energy

3.3.1 Peripheral Rotation Speed:

vϕ = Rbωb

3.3.2 Rotational Kinetic Energy:

Krot =
1

2
Iω2

b =
1

2
meffv

2
ϕ
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3.3.3 Relation to Spin:

S = Iωb =
ℏ
2

⇒ ωb =
ℏ
2I

3.4 Torsional Oscillations

3.4.1 Natural Oscillation Frequency:

ω0 =

√
κ

I

3.4.2 Torsional Constant κ:

From the shear modulus of the field:

κ =
πGR4

b

2L

where G is the effective shear modulus of the EM field.

3.4.3 Shear Modulus for Electromagnetic Field:

In continuum mechanics, the shear modulus G relates shear stress to shear strain. For

an electromagnetic field, the stress tensor is given by Maxwell’s stress tensor:

σij = ϵ0

(
EiEj −

1

2
δijE

2

)
+

1

µ0

(
BiBj −

1

2
δijB

2

)
For a plane wave with equal electric and magnetic energy densities (uE = uB = u/2),

the off-diagonal components (shear stress) are proportional to the energy density. In

particular, for a circularly polarized wave, the shear stress in the plane perpendicular to

propagation is exactly u. Thus, the effective shear modulus can be identified with the

energy density:

GEM = uEM

This identification is consistent with the fact that radiation pressure (which is also pro-

portional to u) represents the field’s resistance to deformation.

3.5 Complete Equations of Motion

3.5.1 In General Case:

meff
d2r⃗

dt2
= F⃗ext − κ(r⃗ − r⃗0)− γ

dr⃗

dt
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I
d2θ⃗

dt2
= τ⃗ext − κθθ⃗ − γθ

dθ⃗

dt

3.5.2 Coupling of Translational and Rotational Motion:

τ⃗ = r⃗ × F⃗

Change in position affects torque and vice versa.

3.6 Normal Vibrational Modes

3.6.1 Three Primary Modes:

1. Compressional Mode:

ωc =

√
k

meff

k =
d2U

dr2

∣∣∣∣
r=Rb

2. Torsional Mode:

ωt =

√
κθ
I

3. Bending Mode:

ωb =

√
EI

meffL4

3.7 Damping and Energy Dissipation

3.7.1 Damping Mechanisms:

1. Radiation Damping: Energy emitted as photons

Prad =
2

3

q2a2

c3

2. Viscous Damping: Internal field friction

γ = 8πηRb

3. Hysteresis Damping: Losses in compression-extension cycles

3.8 Response to External Perturbations

3.8.1 External Electric Field:

F⃗ = qE⃗ext
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∆R =
qEext

k

3.8.2 External Magnetic Field:

τ⃗ = µ⃗× B⃗ext

ωL =
µBext

ℏ
(Larmor frequency)

3.8.3 Photon Impact:

∆p =
h

λ

∆v =
∆p

meff

3.9 Nonlinear Dynamics and Chaos

3.9.1 When Oscillation Amplitudes Become Large:

mẍ+ γẋ+ kx+ αx3 = F0 cos(ωt)

3.9.2 Nonlinear Effects:

• Frequency change with amplitude

• Jump phenomenon

• Possible chaotic motion

3.9.3 Chaos Conditions:

F0

γω0x0
> 1

3.10 Energy Transfer Between States

3.10.1 Mode Coupling:

Energy can exchange between:

1. Translational motion

2. Rotation

3. Internal vibration
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3.10.2 Relaxation Times:

τtrans → translational to thermal energy

τrot → rotation to vibration

τvib → vibration to radiation

3.11 Summary of Section 3

The dynamics of the electron’s bound field can be described by these characteristics:

1. Continuous rotation with specific frequency (ωb)

2. Torsional oscillations with natural frequency (ω0)

3. Strong coupling between translational and rotational motion

4. Radiation damping as the main dissipation mechanism

5. Nonlinear response at large amplitudes

6. Energy transfer between different states

This dynamics not only explains structural stability but also provides a mechanical

foundation for the quantum behaviors of the electron.

4 Elastic (Spring-like) Properties of the Bound Field

4.1 Concept of Electromagnetic Spring

4.1.1 Definition of Elasticity in EM Fields:

In the EBFC model, the bound field not only possesses electromagnetic energy but also

exhibits elastic properties. This elasticity originates from two main sources:

1. Radiation Pressure:

Prad =
1

2
ϵ0E

2 +
1

2µ0

B2

2. Field Tension:

Tfield =
∂U

∂L
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4.2 Effective Spring Constant keff

4.2.1 Calculation from Potential Energy:

The spring constant is defined as the second derivative of potential energy with respect

to displacement:

keff =
d2U

dr2

∣∣∣∣
r=Rb

4.2.2 Potential Energy of Bound Field:

U(r) =
1

2

∫
V

(
ϵ0E

2 +
1

µ0

B2

)
dV

4.2.3 For Gaussian Distribution:

U(r) = U0e
−(r−Rb)

2/2σ2

keff =
U0

σ2

4.3 Effective Young’s Modulus for EM Field

4.3.1 Mechanical Definition:

Yeff =
stress

strain
=

F/A

∆L/L

4.3.2 For Electromagnetic Field:

YEM =
uEM

∆V/V
=
UEM/V

∆V/V

4.3.3 Relation to Spring Constant:

keff =
YeffA

L

where A = 4πR2
b is the effective cross-sectional area and L = 2πRb is the effective length.

4.4 Thought Experiment: Field Compression

4.4.1 Scenario:

Assume an external force F is applied in the radial direction to the field. What will be

the change in radius?

4.4.2 Linear Response:

∆R =
F

keff
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4.4.3 Nonlinear Response (for large changes):

F = k1∆R + k2(∆R)
2 + k3(∆R)

3 + · · ·

4.5 Stored Strain Energy

4.5.1 For Small Radius Change:

Ustrain =
1

2
keff(∆R)

2

4.5.2 For Large Changes:

Ustrain =

∫ ∆R

0

F (r)dr

4.5.3 Maximum Storable Energy:

Umax =
1

2
keff(∆Rmax)

2

where ∆Rmax is the maximum radius change before photon emission.

4.6 Natural Frequency of Radial Oscillations

4.6.1 From Harmonic Oscillator Equation:

ωr =

√
keff
meff

4.6.2 Substituting Values:

ωr =

√
YeffA

meffL

4.6.3 For Electron in Ground State:

ωr ≈
mec

2

ℏ
≈ 7.76× 1020 rad/s

νr =
ωr

2π
≈ 1.24× 1020Hz

4.7 Damping in Spring-like Oscillations

4.7.1 Quality Factor Q:

Q =
ωr

∆ω
=

stored energy

energy lost per cycle
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4.7.2 For Radiation Damping:

Qrad =
3

2

(
λ

Rb

)3

where λ = 2πc
ωr

is the corresponding wavelength.

4.7.3 Numerical Value for Electron:

Q ≈ 1040 (very high - low-damping oscillations)

4.8 Response to Alternating Forces

4.8.1 Transfer Function:

H(ω) =
∆R(ω)

F (ω)
=

1

keff −meffω2 + iγω

4.8.2 Amplitude Response at Resonance:

|∆R|max =
F0

γωr

4.8.3 Bandwidth:

∆ω =
γ

meff

4.9 Relativistic Effects on Elasticity

4.9.1 Velocity-Dependent Mass:

meff(v) =
meff(0)√
1− v2/c2

4.9.2 Spring Constant Variation with Velocity:

keff(v) = keff(0)

(
1− v2

c2

)−1/2

4.9.3 Velocity-Dependent Natural Frequency:

ωr(v) = ωr(0)

(
1− v2

c2

)1/4

4.10 Elasticity in Strong External Fields

4.10.1 In Strong Electric Field:

ktotaleff = k0eff +
∂2Uint

∂r2

where Uint = −qµ⃗ · E⃗ is the interaction energy.
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4.10.2 In Strong Magnetic Field:

ktotaleff = k0eff +
µ2B2

kBTR2
b

4.11 Elastic Limit and Plastic Behavior

4.11.1 Elastic Limit (Hooke’s Limit):

Maximum radial change the field can sustain without photon emission:

∆Relastic ≈
ℏ
mec

4.11.2 Plastic Region (Nonlinear):

Beyond the elastic limit, the field begins to emit photons:

Pemission = η(∆R−∆Relastic)
2

4.11.3 Yield Point:

Point where the field structure undergoes permanent deformation:

∆Ryield ≈ 2∆Relastic

4.12 Thermodynamics of Field Elasticity

4.12.1 Heat Capacity:

CV =
∂U

∂T
= kB

(
ℏωr

kBT

)2
eℏωr/kBT

(eℏωr/kBT − 1)2

4.12.2 Entropy:

S = kB

[
ℏωr/kBT

eℏωr/kBT − 1
− ln

(
1− e−ℏωr/kBT

)]
4.12.3 Helmholtz Free Energy:

F = U − TS = kBT ln
(
1− e−ℏωr/kBT

)
4.13 Summary of Section 4

The elastic properties of the electron’s bound field can be summarized with these char-

acteristics:

1. Effective spring constant keff ≈ 103N/m
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2. Natural frequency νr ≈ 1020Hz

3. Very high quality factor Q ≈ 1040

4. Elastic limit ∆Relastic ≈ 10−13m

5. Relativistic dependence on velocity

6. Nonlinear behavior at large amplitudes

These elastic properties provide a mechanical basis for:

• Resistance to acceleration (mass)

• Oscillations in external fields

• Photon emission during sudden changes

5 Mechanism of Energy Exchange with Photons

5.1 Fundamental Problem: How Does the Field Absorb and

Emit Photons?

5.1.1 The Photon Absorption Paradox:

If the bound field is already in a stable configuration, how can it accommodate addi-

tional electromagnetic energy without losing its bound nature? This leads to the central

question:

∆Ufield = hν but ∆R ̸= hν

keff

The energy doesn’t simply compress the field linearly; it first excites internal modes.

5.1.2 Energy Storage Hierarchy:

When a photon is absorbed, its energy distributes among:

1. Radial compression (spring potential energy)

2. Rotational acceleration (kinetic energy)

3. Helical mode excitation (standing wave patterns)

4. Thermalization (if above certain threshold)
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5.2 Mathematical Description of Photon Absorption

5.2.1 Initial State Before Absorption:

Uinitial =
1

2
keffR

2
0 +

1

2
Iω2

0

R0 = equilibrium radius

ω0 = rotation frequency

5.2.2 During Photon Absorption:

The photon with energy Eγ = hν and momentum pγ = hν/c interacts with the bound

field:

∆P⃗total = p⃗γ = meff∆v⃗ + I∆ω⃗ × R⃗

5.2.3 Energy Distribution:

hν =
1

2
keff(∆R)

2︸ ︷︷ ︸
compression

+
1

2
meff(∆v)

2︸ ︷︷ ︸
translation

+
1

2
I(∆ω)2︸ ︷︷ ︸
rotation

+ Uinternal︸ ︷︷ ︸
mode excitation

5.3 Saturation Limit and Photon Emission

5.3.1 Maximum Compression Before Emission:

The field can only compress to a minimum radius Rmin before it must emit energy:

Rmin = R0 −∆Rmax = R0 −
√

2Uemission

keff

5.3.2 Emission Trigger Mechanism:

When the compression reaches a critical value, the field undergoes:

1. Nonlinear instability in helical modes

2. Phase synchronization of oscillations

3. Coherent emission of photon packet

5.3.3 Emission Probability:

The probability of emission increases exponentially with compression:

Pemission ∝ exp

(
−Uactivation

kBTeff

)
where Teff is the effective temperature of field oscillations.
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5.4 Quantum Transitions in Atomic Orbitals

5.4.1 Hydrogen Atom Transitions:

For the n = 2 → n = 1 transition in hydrogen (Eγ = 10.2 eV):

∆R =

√
2Eγ

keff
≈ 2.5× 10−15 m

∆v =

√
2Eγ

meff

≈ 6.0× 105 m/s

5.4.2 Orbital Radius Changes:

The change in orbital radius corresponds to the change in field equilibrium radius:

rn = n2a0 ⇒ ∆r = (n2
f − n2

i )a0 = R0

(
1

n2
i

− 1

n2
f

)

5.5 Advanced Quantum Effects (Summary)

5.5.1 Spontaneous Emission Rate:

A21 =
16π3ν3

3ϵ0hc3
|µ⃗21|2 =

1

τrad
=
ω3
r |∆R|2

3πϵ0c3

5.5.2 Vibrational Energy Quantization:

En = ℏωr

(
n+

1

2

)
, ∆n = ±1

5.5.3 Recoil Energy:

Erecoil =
(hν)2

2meffc2
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5.6 Proposed Experimental Tests of Photon Exchange

Prediction Numerical
Value

Experimental Setup Current Feasi-
bility

Resonance in electron-
photon scattering

7.8± 0.1 keV XFEL with beryllium target High (XFEL fa-
cilities exist)

Mass change in strong
E-field

∆m/m ≈ 10−6

at E = 1012

V/m

Cyclotron frequency mea-
surement

Medium (re-
quires ultra-
strong fields)

Nonlinear Compton
scattering

γ ≈ 0.5 (low I),
γ ≈ 0.33 (high I)

High-intensity laser-
electron collision

Medium
(petawatt lasers)

Deviation in e-e scat-
tering cross-section

> 1% at q2 >
(10−18m)−2

LEP or ILC Low (requires
very high en-
ergy)

Table 2: Quantitative experimental predictions of the EBFC model

5.7 Summary of Section 5

The photon exchange mechanism in the EBFC model provides:

1. Clear physical picture of energy storage and release

2. Quantitative predictions for compression and velocity changes

3. Explanation of spectral properties including line broadening

4. Connection to quantum transitions in atomic systems

5. Nonlinear response characteristics dependent on intensity

6. Thermodynamic framework for equilibrium with radiation

7. Experimental predictions for testing the model

6 Interaction with External Fields (Summary)

Due to space limitations, we only present the key results here; detailed derivations are

available in the supplementary material.

6.1 Linear Response to External Electric Fields

∆r⃗ =
qE⃗ext

keff
, αe =

q2

keff
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6.2 Response to External Magnetic Fields

ωL =
µBext

ℏ
,

dµ⃗

dt
= γµ⃗× B⃗ext

6.3 Frequency Response to Alternating Fields

∆R(ω) =
qE0

keff −meffω2 + iγω

6.4 Nonlinear Effects in Strong Fields

∆R = α1E + α2E
2 + α3E

3 + · · ·

6.5 Interaction with Gravitational Fields

∆Rg =
meg

keff
, ωg = ω0

(
1− gh

c2

)

6.6 Response to Ultra-Strong Fields (QED Regime)

Ecr =
m2

ec
3

eℏ
≈ 1.3× 1018V/m, Ppair ∝ exp

(
−πEcr

E

)

7 Limitations and Compression Boundaries of the

Field

7.1 Lower Radius Limit (Minimum Distance)

Theoretical limits include classical electron radius (re ≈ 2.82×10−15 m), Compton radius

(rC ≈ 3.86× 10−13 m), and Planck length (lP ≈ 1.62× 10−35 m).

7.2 Compression Limit Based on Radiation Pressure

Rmin =

√
3q2

16π2ϵ0Pmax
rad

7.3 Energy Limitations

Total field energy Umax
EM = mec

2. Photon emission occurs when uEM > ucritical =
m2

ec
4

ℏ3 .

7.4 Speed Limit (Light Barrier)

As v → c, meff → ∞, keff → ∞, and limv→c
dE
dv

= ∞.
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7.5 Structural Stability Limit

Rotation limit ωmax =
c
Rb

≈ 7.76× 1020 rad/s.

7.6 Limitations from Uncertainty Principle

∆Rmin =
ℏ

2mec
≈ 1.93× 10−13m

7.7 Pair Production Limit

Energy threshold Ethreshold = 2mec
2 ≈ 1.02MeV.

7.8 Key Limitations Table

Limit Type Value Origin
Minimum Ra-
dius

10−18m High-energy scattering

Maximum En-
ergy Density

1030 J/m3 Radiation pressure

Maximum Rota-
tion Speed

1021 rad/s Speed of light

Minimum Time 10−21 s Energy-time uncertainty
Maximum Elec-
tric Field

1018V/m Pair production

Maximum Effec-
tive Tempera-
ture

1010K Radiative emission

Table 3: Key physical limitations of the bound electromagnetic field

8 Theoretical Implications and Proposed Experiments

8.1 Theoretical Implications for Fundamental Physics

8.1.1 A New Interpretation of Rest Mass:

In the EBFC model, rest mass is not an intrinsic property but a consequence of bound

field energy:

mec
2 = Ufield =

1

2

∫ (
ϵ0E

2 +
B2

µ0

)
dV
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8.1.2 Mechanical Interpretation of Spin:

The spin ℏ
2
arises from the rotation of the bound field:

S = Iω =
ℏ
2

8.2 Implications for Quantum Theory

The wavefunction can be interpreted as a statistical description of the bound field struc-

ture: |ψ(r⃗)|2 ∝ uEM(r⃗). The uncertainty principle arises from intrinsic field fluctuations.

8.3 Implications for General Relativity

If mass arises from field energy, then spacetime curvature also has an electromagnetic

origin:

Rµν −
1

2
Rgµν =

8πG

c4
T (EM)
µν

8.4 Comparison with Standard Model Predictions

Phenomenon Standard Model EBFC Crucial Experi-
ment

Electron Ra-
dius

Point-like Rb ∼ 10−13m High-energy scatter-
ing

Magnetic Mo-
ment

g = 2 + α
π

Calculated from field
structure

Precision g − 2 mea-
surement

Rest Mass Intrinsic parameter m = Ufield/c
2 Field dependence

Speed Limit Relativistic postulate Spring mechanism Acceleration to v ≈ c

Table 4: Comparison of predictions between Standard Model and EBFC

8.5 Current Limitations and Future Directions

Areas requiring further development include multi-particle interactions, full quantum

effects, neutrinos, and quantum gravity. Short-term goals include numerical simulation

and preliminary experiments; long-term goals include unified theory and technological

applications.

Conclusion

This paper demonstrates that even after a century of progress in quantum physics, it is

still possible to gain new and profound insights by reexamining fundamental concepts and

returning to physical intuition. The EBFC model represents a conservative yet innovative
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approach to understanding the electron, grounded in established physics while offering

fresh perspectives on age-old questions. The framework presented here is not merely an

alternative description but a potentially transformative viewpoint that could reconcile

the mechanical and quantum pictures of reality. As we stand at the threshold of new

experimental capabilities, models like EBFC provide valuable guidance for exploring the

deep structure of matter.
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