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Abstract

The high-frequency divergence problem (ultraviolet catastrophe) encountered when the traditional
Rayleigh-Jeans formula explains blackbody radiation originates from three fundamental errors in its
theoretical derivation: first, the erroneous assumption that all electromagnetic standing wave modes
satisfy the equipartition theorem; second, the failure to distinguish between "stationary modes" and
"radiation modes" in electron motion; third, the misapplication of the equipartition theorem —suited
for continuous quadratic systems—to the electromagnetic radiation process that is essentially a
continuous energy transfer. This paper is based on our proposed modified classical electrodynamics
theory, which posits that electrons radiate or absorb energy only when their frequency changes
(during accelerated or decelerated motion), and that this process is continuous in terms of energy.
We introduce a minimum energy measurement unit ¢, whose numerical value is equal to Planck's
constant h, to measure the continuous energy flow corresponding to each unit change in electron
frequency. Based on this, through the statistical calculation of the average power of radiation modes,
we have re-derived the radiation energy density formula. This formula is consistent with the
Rayleigh-Jeans formula in the low-frequency region and naturally exhibits exponential decay
behavior in the high-frequency region, thereby successfully eliminating the ultraviolet catastrophe
and fully aligning with experimental observations. A comparison with Planck's quantization
hypothesis shows that the "quantized" characteristics of the blackbody radiation spectrum can be
explained entirely within a purely classical physics framework, without the need to introduce
discrete energy packets or quantum hypotheses.

Keywords: blackbody radiation; Rayleigh-Jeans formula; ultraviolet catastrophe; Planck constant #;
minimum energy unit ¢

Introduction

The blackbody radiation problem was a core challenge faced by theoretical physics at the end of
the 19th century. The radiation formula derived by Rayleigh and Jeans based on classical
electromagnetic theory and the equipartition theorem diverged in the high-frequency region, leading
to the "ultraviolet catastrophe" [1]. Planck solved this problem by introducing the energy
quantization hypothesis, but this also gave rise to quantum theory, which is fundamentally at odds
with classical physics [2]. In fact, Planck himself maintained reservations about this hypothesis
throughout his life; he dedicated his career to finding a classical physical explanation for the energy
quantum concept, attempting to incorporate it into the traditional physics framework, but ultimately
did not succeed [2]. In recent years, we proposed a revised classical electrodynamics theory [3], which
reinterprets electron motion and radiation mechanisms, successfully explaining a series of "quantum
phenomena” such as hydrogen atom spectra and the photoelectric effect without introducing
quantum hypotheses. Subsequently, this theory was further extended to derive the quantization of
electron elliptical orbits in hydrogen-like atoms [4], verifying its consistency in explaining
microscopic systems. Building upon this theoretical framework, this paper systematically analyzes
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the derivation errors of the Rayleigh-Jeans formula, proposes a self-consistent revised blackbody
radiation model within the classical framework, and conducts an in-depth comparison with Planck's
solution. The aim is to fulfill Planck's unrealized academic aspirations and provide a theoretical path
toward unifying macroscopic and microscopic physics.

1. Classical Derivation of the Rayleigh-Jeans Formula and Its Theoretical Defects

1.1. Overview of the Classical Derivation

The Rayleigh-Jeans formula is based on cavity electromagnetic standing wave mode statistics
and the equipartition theorem. Assuming the electromagnetic mode density within the cavity is:

8rv?

gw)= o

The average energy of each mode under thermal equilibrium is:
(E) = kpT
Thus, the radiation energy density is obtained:

82
u,T) = g) - kgT = TkBT

This formula agrees with experiments in the low-frequency region but diverges in the high-
frequency region [3].

1.2. Fundamental Conflict with Revised Classical Electrodynamics

Our theory [3,4] points out that electrons in uniform circular motion or periodic elliptical motion
experience a centripetal force that does no work (zero torque), conserving the system's mechanical
energy; thus, they neither radiate nor absorb energy. Energy exchange occurs only when the
electron's motion frequency changes (i.e., during acceleration or deceleration). This process
is continuous: electrons move in a spiral around the nucleus, their frequency changes continuously,
and energy is transferred continuously as a result.

We introduce ¢ as the minimum unit of measurement for quantifying this continuous energy flow.
Its physical meaning corresponds to the amount of continuous energy transferred per unit change in
electron frequency [3]. This differs fundamentally from Planck's energy quantum as a discrete
"energy packet". € is merely a measurement standard, akin to using a "bucket" to measure a
continuous flow of water, without altering the inherent continuity of the energy itself.

2. The Three Fundamental Errors of the Rayleigh-Jeans Formula

2.1. The Energy Equipartition Assumption Contradicts Electron Motion Mechanism

The Rayleigh-Jeans formula assumes all standing wave modes share the energy kgT equally.
However, according to the revised classical electrodynamics [3,4], "stationary modes" corresponding
to uniform motion do not participate in energy exchange, and their radiated energy should be zero.
Allocating kpT to all modes leads to a severe overestimation of energy in the high-frequency region.
This assumption violates the law of energy conservation, as electrons in stationary modes are in force
equilibrium and lack the physical basis for energy radiation or absorption [3].
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2.2. Mode Density Fails to Distinguish Between Radiative and Stationary States

The classical mode density g(v) does not distinguish between "stationary modes" (Af=0) and
"radiation modes" (Af # 0. The revised theory clarifies that only radiation modes actually participate
in energy exchange, and high-frequency modes are suppressed because the required energy AE =
ke far exceeds the thermal energy kpT [3]. The Rayleigh-Jeans formula ignores this quantization
constraint, leading to an inflated count of high-frequency modes and, consequently, ultraviolet
divergence [1].

2.3. The Applicability Condition of the Equipartition Theorem Is Not Satisfied

The equipartition theorem requires system energy to be in a continuous quadratic form and the
system to be in thermal equilibrium. However, electromagnetic field energy exchange is achieved
through continuous changes in electron frequency [3]. Here, it is crucial to distinguish
between "continuous energy transfer”" and "classical continuous energy flow"; their core differences
lie in three aspects: physical carrier, constraint conditions, and transfer mechanism (Table 1).

Table 1. Comparison between "continuous energy transfer” and "classical continuous energy flow".

Comparison "Continuous Energy Transfer" Proposed in This "Classical Continuous Energy
Dimension Paper Flow"

No specific microscopic carrier;
Physical Electron in variable-speed motion around the nucleus

abstracted as a continuous
Carrier (accelerated/decelerated spiral motion) [3]

energy field

No microscopic constraints;
Constrained by changes in electron motion

Constraint energy can be infinitely
frequency; transfer uses ¢ as the minimum
Conditions subdivided and flow
measurement unit
continuously
Continuous change in electron frequency — Energy flows uninterrupted in
Transfer continuous accumulation/release of energy; each unit | space without relying on directed
Mechanism change in frequency corresponds to one motion changes of microscopic
measurement unit ¢ [3] particles

Specifically, classical continuous energy flow is an abstract concept detached from microscopic
carriers, assuming energy can be infinitely divided and flows continuously. For example, in classical
electromagnetic theory, the energy transfer of electromagnetic waves is treated as an unconstrained
continuous field flow [1]. In contrast, the "continuous energy transfer" described in this paper is a
concrete  process reliant on electron variable-speed motion: electrons undergo
accelerated/decelerated spiral motion between different energy levels, their frequency continuously
transitions from f to f, and energy accumulates or releases continuously with the frequency change
[3]. This continuity is reflected in the smoothness of the energy change, not in unconstrained infinite
subdivision. The transfer process is bounded by ¢ as the minimum measurement benchmark, making
it essentially a "continuous process subject to measurement constraints”, not the "unconstrained
absolute continuous energy flow" of classical theory.

The equipartition theorem is only applicable to systems with classical, unconstrained continuous
energy flow. It cannot describe this type of continuous energy transfer process, which is based on
electron variable-speed motion and subject to a measurement unit constraint. Its direct application
leads to contradictions between theory and experiment [2].
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3. Corrected Model: Classical Derivation of the Energy Density Formula

3.1. Basic Assumptions and Physical Picture

Based on corrected classical electrodynamics [3,4], we propose the following core assumptions:

(1) Electrons are mostly in stationary states (uniform circular or elliptical motion) under thermal
equilibrium and only continuously radiate or absorb energy when their frequencies change due to
disturbances;

(2) Energy transfer uses the minimum measurement unit ¢, corresponding to the energy
transmitted per unit change in electron frequency [3];

(3) Radiated power is constrained by energy-time, i.e., the minimum time to complete one
electromagnetic oscillation cycle is Atmin =1/v.

3.2. Detailed Derivation of the Corrected Radiation Energy Density Formula

According to corrected classical electrodynamics, we first clarify the following physical process
and mathematical description:

Step 1: General Expression of Electron Transition Power

Based on reference [3], the energy radiated or absorbed per unit time by an electron during
accelerated/decelerated motion (i.e., transition power) can be expressed as:
_AE ke
YR
where:
€=6.626x10-*] is the minimum energy measurement unit;
k is the number of measurement units transferred within time At.
Let v=k/At be the number of measurement units transferred per unit time, then:

P=cv (3.1)
Step 2: Power Statistical Distribution under Thermal Equilibrium

Under thermal equilibrium, a radiation mode of frequency v may be in different excited states k
(corresponding to power Pi=ck/At), with occurrence probability obeying the Boltzmann distribution.
Setting the observation time At=1s, the excited state energy is Ex=ck, with probability:

Prob(P,) « exp(— :T"T) (3.2)

Step 3: Calculation of Average Power

The average power is defined as:

_ Yi—oPrProb(Py)
(P) = Y o Prob(Py)

Substituting Pi=ck and equation (3.2):

k
Zk=o k-exp(—-0)

(P)y=¢- (3.3)

v E2
Th=oexp(—0)

Step 4: Introducing Dimensionless Parameter x=ev/ksT

To simplify analysis, define: x=ev/ksT
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Then equation (3.3) can be rewritten as:
 S1(xw)

(P) = ev S

where:
k _ _
Sl(x’v) =ZE=O;e kx/li ’ So(x'v) =ZE=06 kx/'V

Step 5: Asymptotic Behavior Analysis (Low- and High-Frequency Limits)

Low-frequency region (x < 1, i.e, ev«ksT): Summations can be approximated as integrals,
yielding:

(P) = kgT (3.4)
This restores classical Rayleigh-Jeans behavior.

High-frequency region (x > 1, i.e., ev>>ksT): The summation is dominated by the first few terms,
with rapid series decay, approximable as:

(P) ~ ev-e™™ = ev - exp(— —) (3.5)
The exponential decay factor e”—x originates from thermal excitation probability suppression.

Step 6: Unified Expression

Combining equations (3.4) and (3.5), the average power can be written as a piecewise expression:

kgT, ev K kgT
(P) =1 gp. exp(——), &v > kT (3.6)
kgT
Step 7: Radiation Energy Density Formula
Classical electromagnetic theory gives mode density:
B 8v?
g(v)f c3

Substituting equation (3.6), we obtain the corrected radiation energy density:

2 kBTI EV << kBT
T) = . (P) = &v 3.7
u@,T) =g() T8 |ev: exp(—n), ev > kgT 3-7)

B

3.3. Detailed Derivation of High-Frequency Asymptotic Behavior and Physical Meaning
Step 1: Specific Expression in High-Frequency Region
When ev>>ksT, from equation (3.7):

2
u(v,T) = SC—”Z -ev - exp(— I;TUT)

Rearranged:
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=87 3. _E
u(v,T) = R exp( kBT) (3.8)
Step 2: Defining Temperature-Dependent Constant
Let:
€
T kT
Then equation (3.8) becomes:
u(v,T) x v3-e~c1? (3.9)

Step 3: Limit Behavior Analysis
When v — o, the exponential term e 7?decays much faster than the polynomial term v3
grows, so:

limu(v,T) =0 (3.10)

V=00

Step 4: Physical Mechanism Explanation

The physical root of high-frequency exponential decay lies in:

Thermal Excitation Threshold Effect: When ev>ksT, it implies that only modes in highly
excited states (corresponding to energy Ex = ke > ksT) can achieve significant radiation. The
probability of these highly excited states being thermally occupied is dominated by the Boltzmann

factor eEx/ksT

, which exhibits exponential decay. Consequently, the overall excitation probability of
this high-frequency mode is suppressed.
Energy-Time Constraint Mechanism: Minimum time to complete one electromagnetic
oscillation is Atwir=1/v, minimum energy transfer unit is ¢, so maximum possible power is:
Pra=¢/Atyi=ev
Even with a theoretical power upper limit, actual average power remains suppressed by thermal

excitation probability, manifesting as (P) & cve &/ ksT

Step 5: Elimination of Ultraviolet Catastrophe

The classical Rayleigh-Jeans formula diverges at high frequencies because it assumes all modes
share ksT energy, i.e., u(v,T) « v? - kzT, where polynomial growth causes integral divergence.

—Crv

In the corrected model, high-frequency region u(v,T) < v’-e , with exponential decay

dominating, making;:
f u(v,T)dv <
0

Thus ultraviolet catastrophe is naturally eliminated.

3.4. Consistency with Experiments and Planck’s Formula

The corrected formula reduces to Rayleigh-Jeans form in low-frequency region (ev < kpT),
matching low-frequency experimental data; in high-frequency region, it qualitatively agrees with
Planck's formula without needing quantum hypothesis [2,3]. The corrected formula naturally
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explains the proportional relationship between peak frequency of blackbody spectrum and
temperature (Wien's displacement law), with peak position determined by competitive balance
between electron transition power P=cv and thermal energy kzT [3,4]—temperature increase
enhances thermal energy, supporting higher frequency radiation modes, shifting peak toward higher
frequencies, fully matching experimental Wien's displacement constant.

3.5. Essential Differences from Planck’s Formula and Dimensional Analysis

The standard form of Planck's blackbody radiation formula is:

8mhv3 1
Upianck (v, T) = 72_3 " ehv/kpT_ (3.11)
For hv>>kpT,
8uhvs  _
Uptanck U (v, T) ~ ———e~"v/ksT (3.12)

Equation (3.12) and the corrected model's high-frequency expression (3.8) are mathematically
similar in form, but fundamentally irreconcilably different in dimensional structure, physical essence,
and theoretical basis, analyzed as follows:

3.5.1. Fundamental Dimensional Structure Differences

Dimensional derivation of corrected model formula (3.8):

¢ has energy dimension [ML?T?], v has frequency dimension [T"], so ev has power dimension
[ML2T2];

Mode density g(v) has dimension [L?] (mode number per unit volume);

Energy density u(v,T)=g(v)-(P) has dimension [L3]-[ML?T?] = [MLT?], fully matching
standard energy density dimension [J-m?] , maintaining strict dimensional self-consistency.

Dimensional derivation of Planck's formula (3.11):

h has action dimension [ML?T"], v has frequency dimension [T"!], so hv3 has dimension [ML?T-
[T7] = [ML2T+];

Denominator ¢? has dimension [L3T-];

Overall formula dimension is [ML?T+#]-[L3T?] = [ML'T"], corresponding to momentum density
or energy flux density dimension, not energy density dimension.

This dimensional inconsistency reveals Planck's formula's core flaw: coupling action dimension
h directly with frequency, though mathematically fitting experimental data, has fundamental
confusion in physical dimension transmission chain, lacking rigorous physical definition support.

3.5.2. Fundamental Physical Essence Differences

Physical essence differences between corrected model and Planck's formula can be
comprehensively analyzed through following dimensions, specifically compared in Table 2:

Table 2. Physical Essence Comparison of Corrected Model and Planck's Formula.

Comparison

This Paper's Corrected Model Planck's Formula
Dimension

Based on corrected classical Based on energy quantization hypothesis,
Underlying

electrodynamics, core being "periodic core being "harmonic oscillator energy
Framework

radiation from classical orbital electron discretization," breaking classical physics'
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motion," all physical processes follow
classical electromagnetism and
thermodynamic statistics, without any non-

classical assumptions.

"energy continuity” basic cognition,

foundational for quantum mechanics.

& (energy unit): One portion of continuous

h (action): Action quantum, multiplied by

Minimum electromagnetic energy radiated per
frequency yields energy quantum hv, seen
Unit electron nuclear acceleration cycle,
as discrete energy packet.
essentially energy measurement unit.
Continuous process: Electron continuous
Energy Discrete process: Harmonic oscillator level
variable-speed motion, energy continuously
Transfer transitions, energy absorbed or emitted as
radiated, € only measures share in
Mechanism discrete packets hv.

continuous energy flow.

Relation to

P = ¢ v: Power proportional to frequency, €

fixed, v increase raises energy radiated per

E = h v: Single photon energy proportional

to frequency, h fixed, v increase raises

Frequency
unit time. single quantum energy.
Classical orbital motion: Electron Quantum transition: Harmonic
Physical performs continuous spiral motion in oscillator instantaneously jumps between
Picture atom, each accelerated turn (increasing one | discrete energy levels, emitting or
frequency) radiates one portion energy e. absorbing entire energy quantum.
Radiated energy's "quantization” is external
manifestation of motion form: each Radiated energy's "quantization” is
Energy completed frequency change inherent property of energy itself: energy
Radiation (corresponding to one orbital acceleration itself cannot be continuously divided, can
Mechanism circle) radiates one measurement unit ¢, only exist and transfer in quantum packets,

essentially segmented measurement of

continuous motion.

independent of motion form.

From above comparison, core divergence lies in essential cognition of "energy transfer form": In

d0i:10.20944/preprints202512.1763.v2

corrected model, energy's "quantized characteristic" is measurement result of continuous energy flow,
like using "liter" to measure continuous water flow, not altering flow's continuity; In Planck's formula,
energy's "quantized characteristic" is inherent property of energy, defining energy as discrete
"particle-like" existence, completely severing classical physics connection.

3.5.3. Nature of Mathematical Form Similarity

Although corrected model high-frequency expression (3.8) and Planck's formula high-frequency
approximation (3.12) have similar "v3-exponential decay" form, this similarity is merely "experimental
fitting level convergence," not physical essence unity, with completely different underlying physical
mechanisms:

—ev/kpTig classical thermal

In corrected model, the physical root of exponential decay factor e
statistics probability suppression:

Thermal Power Threshold Effect: When ev>>ksT, the energy available from thermal motion is
insufficient to sustain such a high high-frequency radiation power. Consequently, the probability (i.e.,
statistical weight) of exciting these high-frequency modes is exponentially suppressed by the

Boltzmann factor.

3.5.3. Analysis of the Nature of Mathematical Form Similarity

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Although the high-frequency expression (3.8) of the corrected model and the high-frequency

—CcTV

approximation (3.12) of Planck's formula both exhibit the mathematical form v - e ~7?, the physical

mechanisms behind them are fundamentally different, as analyzed in detail below:

In the corrected model, the exponential decay factor e ~&V/ksT

originates from the suppression of
thermal excitation probability for high-frequency radiation modes. As described in Section 3.3, its
physical roots include two aspects:

Thermal Power Threshold Effect: When ev>>ksT, achieving significant high-frequency radiation
requires the system to be in highly excited states with energy Ex > ksT. Since the thermal energy ksT is
insufficient to effectively populate these high-energy states, their excitation probability (statistical
weight) is subject to exponential suppression by the Boltzmann factor.

Energy-Time Constraint Mechanism: The oscillation period for high frequencies is extremely
short (Atmin=1/v). The maximum energy that can be transferred per unit time is limited
by Pma=¢/Atmin=cv. The actual average power is further modulated by the thermal distribution.

These two points together constitute the physical mechanism for the natural suppression of
high-frequency radiation within the classical framework, without introducing any hypothesis of
energy discreteness.

In Planck’s theory, the exponential decay originates from the truncation due to the discretization
of harmonic oscillator energy: When the energy quantum hv is much greater than ksT, thermal
motion cannot provide the minimum energy required to excite the discrete energy levels, thereby
suppressing high-frequency modes. This mechanism directly relies on the non-classical assumption
of "energy quantization." Its physical essence is a mathematically constructed constraint condition,
rather than a direct manifestation of classical statistical laws.

Therefore, the similarity in mathematical form merely reflects the convergence of statistical
behavior in the high-frequency limit, not a unity of physical essence. The corrected model
demonstrates that the "quantized" characteristics of blackbody radiation (such as high-frequency
exponential decay) can be self-consistently explained entirely within the classical framework of
continuous energy transfer, without resorting to concepts of energy discretization or quantum jumps.
This further indicates that the assumption in traditional quantum theory that "energy must be
discrete” may not be necessary and might merely be a misunderstanding or simplified description of
some deeper classical mechanism.

4. Discussion: Clarifying the Essence of Quantization and Comparing Ultraviolet
Catastrophe Elimination Schemes

4.1. The Measurement Property of the Minimum Energy Unit and the Unity of Energy Continuity

In the revised theory, the minimum energy unit ¢ is a pure unit of measurement used to quantify
the amount of continuous energy transfer corresponding to a change in electron frequency [3]. It
is not a physically indivisible "energy packet" but rather the smallest measurable unit describing a
continuous energy flow. Just as a continuous pool of water can be measured with "buckets" or "bowls",
the continuity of energy is not disrupted by the introduction of measurement units.

This understanding preserves the continuity of energy exchange while explaining the
phenomenon where energy appears to come in "packets" in experimental observations [4]. The
essence lies in the discrete nature of frequency changes during electron variable-speed motion (each
unit change in frequency corresponds to one measured unit of energy ¢), not in the discreteness of
energy itself. This core distinction allows the revised theory to unify the continuity of energy with
"quantized" observations within the classical physics framework, avoiding the fundamental conflict
between traditional quantum theory and classical physics [3].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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4.2. Core Misunderstandings of the Quantization Concept in Physics

Since Planck proposed the energy quantum concept, the physics community's understanding of
quantization has gradually deviated from its measurement essence, leading to a series of cognitive
biases:

4.2.1. Misreading of Energy Discreteness

Planck expressed energy quantization as "energy comes in packets”, but did not clarify that the
essence of this statement is the discrete nature of the measurement of the energy transfer process, not
the physical discreteness of energy itself [2]. Traditional quantum mechanics interprets E = hv as
"energy exists in discrete packets", overlooking the nature of Planck's constant as an action (unit J - s)
and confusing the physical meaning of "energy flow per unit time" with that of an "isolated energy
packet” [3]. The revised theory clarifies that E = hv actually describes the total energy absorbed or
radiated by an electron per unit time, containing v minimum measurement units ¢, while the energy
transfer process itself is a continuous spiral change.

4.2.2. The Fallacy of Discontinuous Electron Transitions

The Bohr atomic model proposed that electrons "jump instantaneously” between stationary
orbits, assuming the transition requires no time and involves a sudden energy change [5]. This
assumption stems from a misunderstanding of the electron motion mechanism: traditional theory
mistakenly equates centripetal acceleration with linear acceleration, believing that an electron in
uniform circular motion would continuously radiate energy, thus necessitating the introduction of
"stationary state” and "instantaneous transition" hypotheses to explain atomic stability [3]. The
revised theory points out that electrons in uniform circular or elliptical motion are in force
equilibrium and do not radiate energy. The transition process is the continuous
accelerated/decelerated motion of an electron between different energy levels, with frequency
changing continuously with energy, radiating one measurement unit & per unit frequency change,
with no "instantaneous jump" involved [4]. The electron transition time is determined by the
transition power (At=ke/P). Although it appears instantaneous due to the very large v during high-
frequency radiation, it is essentially a continuous process [3].

4.2.3. Over-Interpretation of the Uncertainty Principle

The Heisenberg uncertainty principle is interpreted by traditional quantum mechanics as "the
position and momentum of a microscopic particle cannot be measured simultaneously with
precision”, and extended to mean "the microscopic world is inherently uncertain" [6]. The root of this
interpretation lies in the misunderstanding of the quantum concept: because ¢ is viewed as a discrete
energy packet, the electron is abstracted as a "particle without a classical trajectory", making its
motion state indescribable by precise classical quantities. Under the revised theory, electrons have
well-defined classical trajectories (circular or elliptical), and their position and momentum can be
precisely calculated using classical mechanics [3,4]. The so-called "uncertainty" is actually due to the
interaction between the probe light (electromagnetic wave) and the electron during measurement,
which causes a change in electron frequency and thus affects measurement accuracy —it is not an
intrinsic property of the particle itself.

4.2.4. The Artificial Construction of the Chasm Between Classical and Quantum Physics

Traditional quantum mechanics defines "quantum phenomena" as microscopic phenomena
inexplicable by classical physics, artificially delineating a boundary between macroscopic and
microscopic physics [7]. The core basis for this division is the internal contradictions of the old
quantum concept: it could neither explain electron orbital stability using classical electromagnetism
nor integrate the quantization hypothesis into the classical framework. By clarifying the electron
motion-radiation mechanism, the revised theory successfully explains all "quantum phenomena"—
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such as hydrogen atom spectra, the photoelectric effect, and blackbody radiation—within the
classical physics framework [3,4]. This demonstrates that so-called "quantum mechanical laws" are
essentially specific manifestations of classical physical laws in microscopic systems, and that there is
no inherent chasm between macroscopic and microscopic physics.

4.3. Eliminating the Ultraviolet Catastrophe: Core Comparison Between This Revised Model and Planck’s
Scheme

Although both Planck's energy quantization hypothesis and the classical revised model
presented in this paper can eliminate the ultraviolet catastrophe and match experimental data, they
differ fundamentally in physical essence, theoretical basis, and logical self-consistency, as detailed in
the following comparison:

4.3.1. Differences in Core Assumptions and Physical Essence

The core of Planck's scheme is the "energy discreteness hypothesis": it posits that during the
emission and absorption of electromagnetic radiation, energy itself is discontinuous and can only be
transferred in basic units of E = hv [2]. This hypothesis defines the "quantum" as a physically
indivisible discrete energy packet, forcibly breaking the fundamental classical understanding of
energy continuity, rendering it incompatible with classical electromagnetic and mechanical laws [3].
Planck himself admitted that this hypothesis was "an act of desperation” introduced to solve the
blackbody radiation problem, lacking a deeper physical mechanism [2].

This revised model introduces no additional hypotheses; it is based entirely on the
fundamental laws of classical physics: by clarifying the electron motion-radiation mechanism (no
radiation in uniform motion, radiation only in variable-speed motion), it defines ¢ as a "unit of
measurement” for energy transfer, not a"discrete energy packet'[1]. Energy itself remains
continuous; the so-called "quantization" is merely the segmented description of a continuous energy
flow during measurement—similar to using "seconds" to measure continuous time or "meters" to
measure continuous length—without altering the essential continuity of the physical quantity. This
model requires no break from the classical physics framework; its physical mechanism can be fully
explained by foundational theories like Maxwell's equations and Newtonian mechanics [4].

4.3.2. Differences in Theoretical Compatibility and Logical Self-Consistency

The fatal flaw of Planck's scheme is its inherent conflict with classical physics: the energy
discreteness hypothesis cannot explain why energy appears continuous in the macroscopic world,
nor can it connect with the basic principle of "accelerating charges radiating electromagnetic waves"
in classical electromagnetism [3]. This conflict directly led to the split of physics into two systems—
macroscopic classical physics and microscopic quantum mechanics—sparking over a century of
debate on quantum mechanics interpretation (e.g., the Bohr-Einstein debates [1,2], Schrodinger's cat
paradox [8]).

This revised model achieves perfect compatibility between classical physics and microscopic
phenomena: On one hand, its electron motion-radiation mechanism fully adheres to Maxwell's
equations and the law of energy conservation, presenting no logical contradictions [4]. On the other
hand, the model can be naturally extended to multiple microscopic scenarios—hydrogen atom
structure, the photoelectric effect, elliptical orbits of hydrogen-like atoms—all receiving self-
consistent explanations within the classical framework [3,4]. By eliminating the artificial chasm
between "classical and quantum", it lays the groundwork for the unification of physics.

4.3.3. Differences in Explaining High-Frequency Radiation Suppression Mechanisms

Planck’s approach indirectly suppresses high-frequency radiation through the hypothesis of
energy discreteness: since the energy quantum of high-frequency radiation, E=hv, increases with
frequency, when hv > ksT, thermal motion cannot provide sufficient energy to excite this discrete
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energy level, thereby avoiding high-frequency divergence [2]. However, this explanation does not
clarify the origin of “energy discretization” from the perspective of classical physical mechanisms. Its
derivation relies mathematically on the discrete summation of harmonic oscillator energies (similar
in form to the summation in Eq. (3.3) of this paper, but with different physical implications) and is
essentially a constraint hypothesis introduced to fit experimental data [3].

This revised model identifies the physical root cause of high-frequency radiation
suppression:

First, the energy-time constraint: high-frequency radiation requires At_min = 1/v. The higher the
frequency, the shorter the time to complete one electromagnetic oscillation, while the upper limit of
electron acceleration power Pum=ev cannot increase indefinitely.

Second, the thermal excitation threshold: the total energy AE = ke required for high-frequency
modes far exceeds the thermal energy ksT, making it difficult for electrons to gain enough energy to
achieve the frequency transition, naturally suppressing the radiation [3].

This explanation is based on clear physical processes, not mathematical assumptions, making it
more persuasive.

4.3.4. Differences in the Scope of Explained Experimental Phenomena

Planck's scheme can only explain the overall shape of the blackbody radiation spectrum,; it
cannot explain the deeper mechanisms of other "quantum phenomena". For example, it cannot
explain why electrons orbiting a nucleus do not spiral into it due to energy radiation, nor can it
explain the phenomenon in the photoelectric effect where "low-frequency light can also produce a
photoelectric effect under intense laser irradiation" [3].

This revised model has stronger universality: Beyond eliminating the ultraviolet catastrophe,
it can also explain:

The line spectrum of hydrogen atoms (radiation frequency during electron transition is half the
difference between two stationary state frequencies [3]),

The frequency threshold and light intensity dependence in the photoelectric effect (under strong
light, an electron can absorb multiple measurement units ¢ simultaneously [3]),

The quantization of elliptical orbits in hydrogen-like atoms (energy levels are identical when the
semi-major axis equals the circular orbit radius [4]), and other phenomena. All these explanations are
based on the same classical physics framework without introducing additional hypotheses.

4.4. Theoretical Significance and Implications for Physics Development

The clarification of the quantization concept by the revised theory and its comparison with
Planck's scheme reveal the essential difference between "phenomenon fitting" and "mechanism
exploration" in the development of physics: Planck's scheme is a mathematical fit to the blackbody
radiation phenomenon; while it solves a specific problem, it introduces conflict with classical
physics. This revised model represents an in-depth exploration of physical mechanisms; by
restoring the essence of electron motion and radiation, it achieves a unified explanation for multiple
microscopic phenomena within the classical framework [3].

The implication of this achievement is that many of the "peculiar features" of quantum
mechanics might not be inherent properties of the microscopic world but rather stem from
misunderstandings of the quantum concept and inappropriate assumptions [3]. Relativity violates
the fundamental fact of the relativity of velocity; its view of spacetime is erroneous and should not
be considered the ultimate paradigm of physics. The future direction of physics should not involve
seeking compromise within flawed theoretical frameworks, but rather returning to the basic logic
and objective laws of classical physics to re-examine the physical mechanisms of microscopic
phenomena. The corrected model, by self-consistently deriving the blackbody radiation formula
within the classical framework and eliminating the ultraviolet catastrophe, empirically demonstrates
the intrinsic unity of classical physics and microscopic systems. It refutes the erroneous perception
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that "classical and quantum physics are irreconcilable" and provides an important theoretical
pathway and empirical foundation for physics to return to a unified system of objective laws.

5. Conclusion

This paper systematically reveals the fundamental defects in the physical assumptions and
mathematical derivation of the Rayleigh-Jeans formula, pointing out its failure to correctly address
the essential connection between electron motion and radiation. Based on the revised classical
electrodynamics theory proposed by Zeng Jiqing [3,4], by introducing the minimum energy
measurement unit € and the energy-time constraint, a blackbody radiation formula consistent with
experiments is derived entirely within the classical framework, successfully eliminating the
ultraviolet catastrophe.

Compared with Planck’s energy quantization scheme, this revised model possesses stronger
physical essence, theoretical compatibility, and logical self-consistency: it requires no break from the
classical physics framework, no additional hypotheses, and explains blackbody radiation phenomena
solely by clarifying the electron motion-radiation mechanism. Furthermore, it naturally extends to
multiple microscopic scenarios [3,4]. It is worth emphasizing that this research achievement fulfills
the lifelong academic goal pursued by Planck: finding a classical physical explanation for the
"quantized" characteristics of energy transfer, thereby completing his unrealized aspiration [2].

This work further validates the universality of the revised classical electrodynamics, indicating
that so-called "quantum phenomena" can receive coherent explanations within the domain of
classical physics [3,4]. This theory breaks down the artificial chasm between macroscopic and
microscopic physics, negates the alleged irreconcilability of quantum mechanics and classical physics,
and discards the interference of erroneous theories like relativity. It provides a crucial foundation for
establishing a unified physical theory system based on objective laws and offers a new perspective
for re-examining the fundamental assumptions of quantum mechanics. In the future, this theory is
expected to be validated in more microscopic physical scenarios, promoting the return of physics to
its essence and its progression toward unity.
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