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Abstract: By the late 19th century, the
classical physics system harboured profound
crises beneath its glorious achievements. One
of the "two dark clouds" identified by Lord
Kelvin-the contradiction between the
constancy of the speed of light and the aether
model-ultimately gave rise to relativity, one
of the twin pillars of modern physics. This
paper systematically traces the evolution of
the concept of the constancy of light speed,
from Maxwell's electromagnetic theory, the
proposal and predicament of the aether
hypothesis, and the "zero result" of the
Michelson-Morley experiment, through the
transitional contributions of Lorentz and
Poincaré, to culminate in Einstein's 1905
formulation of the special theory of relativity.
It delves into how Einstein, through the
pivotal step of redefining "simultaneity,"
reconstructed the concept of spacetime with
two elegant postulates, thereby deriving the
core tenets of special relativity. Furthermore,
the article examines the experimental
verification of special relativity, its scientific
philosophy and methodological
characteristics, alongside its profound
philosophical implications and scientific
value, revealing how this revolution in
physics fundamentally transformed
humanity's understanding of the cosmos.
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1. Introduction: The Clear Skies and
Gathering Clouds of Classical Physics
By the late 19th century, the edifice of classical
physics-centred on Newtonian mechanics and
Maxwell's electromagnetic theory-appeared
complete. Yet in his 1900 lecture, the British
physicist Lord Kelvin pointedly remarked that
beyond the "clear skies" of physics, two "small,
disturbing clouds" lingered. One concerned

blackbody radiation, ultimately leading to
quantum theory; the other directly linked to the
contradiction between the constancy of light
speed and the "ether" model, sowing the seeds
for the birth of relativity. [1] This "cloud" was
no accident; it was essentially the concentrated
manifestation of an inherent logical
contradiction within classical physics-the
irreconcilable conflict between Newton's
concept of absolute space-time and the new
discoveries in electromagnetic phenomena. The
process of resolving this contradiction sparked a
profound revolution concerning time, space, and
their relationship with the motion of matter,
completely reconstructing humanity's
conception of physics.

2. The Dilemma of Classical Physics and the
Emergence of Relativity

2.1 Maxwell's Electromagnetic Theory and
the Prediction of the Constancy of the Speed
of Light
In 1865, James Clerk Maxwell achieved the
unification of electromagnetic theory,
formulating the elegant Maxwell's equations.
These equations not only predicted the existence
of electromagnetic waves but also derived their
propagation speed in vacuum as c = 1/√(μ₀ε₀) ≈
3 × 10⁸ m/s. This constant precisely matched the
known speed of light. [2] Maxwell thus asserted
that light constitutes an electromagnetic wave.
More crucially, this velocity is a constant
determined by the vacuum permittivity ε₀ and
permeability μ₀, independent of the source's
motion. This directly contradicted Newtonian
mechanics' Galilean transformation and
principle of velocity addition, sowing the seeds
of relativity.

2.2 The Aether Hypothesis: Remedies and
Dilemmas of the Classical Spacetime
Paradigm
To reconcile the constancy of light speed with
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classical mechanics, physicists proposed the
"ether" hypothesis. Ether was conceived as an
elastic medium filling the cosmos, absolutely at
rest, serving as the medium for light wave
propagation. Earth's motion through the ether
should generate an "ether wind," enabling
experimental detection of its relative velocity.
However, the ether hypothesis itself faced
multiple dilemmas: it must simultaneously
possess nearly contradictory properties such as
"absolute rest," "zero mass," and "extreme
elasticity." Despite this, by the late 19th century,
the ether remained the "last straw" for classical
physics in upholding the concept of absolute
spacetime. [3]

2.3 The Michelson-Morley Experiment: The
"Decisive Test" for the Ether
In 1887, Albert Michelson and Edward Morley
devised their renowned interference experiment
to detect Earth's motion relative to the ether. The
outcome proved unexpected: no significant shift
in interference fringes was observed-a "zero
result." This demonstrated that the speed of light
remains constant in all directions, thereby
disproving the existence of an ether wind. [4]
The Michelson-Morley experiment is hailed as
"the most successful failure in the history of
physics." Its null result directly challenged the
aether hypothesis, becoming pivotal
experimental evidence that undermined the
foundations of classical physics.

2.4 Lorentz and Poincaré: Pioneers of
Relativity
To explain the Michelson-Morley experiment,
Hendrik Lorentz proposed the "length
contraction" hypothesis and introduced the
Lorentz transformation formula in 1904,
attempting to patch the gaps within the classical
framework. However, his work remained
grounded in the ether, constituting an ad hoc
remedy. [5] Concurrently, French
mathematician Henri Poincaré advanced the
nascent ideas of relativity at the philosophical
and mathematical levels. In 1898 he proposed
that "the speed of light may be the ultimate
velocity", explicitly formulated the "principle of
relativity" in 1904, and even advanced
preliminary concepts of "four-dimensional
spacetime".[5] Nevertheless, Poincaré did not
entirely abandon the ether concept; his theories
retained vestiges of absolute spacetime,
ultimately failing to achieve the revolutionary

leap from classical to relativistic physics.

3 Einstein's Breakthrough: Definition of
Simultaneity and Two Postulates

3.1 The Crucial Step: An Operational
Definition of Simultaneity
In his epoch-making 1905 paper "On the
Electrodynamics of Moving Bodies," Einstein
took a pivotal step. Unlike all his predecessors,
he titled the first section "Definition of
Simultaneity". [7] He profoundly observed: "If
we place a clock at point A in space, we can
define 'time A'; if we place another clock at
point B, we can define 'time B'. However, a
'time' common to both A and B remains
undefined. Only when we define 'the time taken
for light to travel from A to B equals the time
taken for light to travel from B to A' can a
common time be established." [6] This
operational definition grounded the abstract
concept of time in an observable physical
process-the propagation of light signals-thus
fundamentally overturning Newton's notion of
absolute time.

3.2 Two Fundamental Postulates Reconstruct
Spacetime
Building upon this new definition of
simultaneity, Einstein entirely discarded the
concept of the ether and the notion of absolute
spacetime. Instead, he reconstructed the
foundations of physics based solely on two
fundamental assumptions:
The Principle of Relativity: Physical laws
possess identical form in all inertial reference
frames.
Principle of the constancy of the speed of light:
The speed of light c in a vacuum is independent
of the motion of the light source and yields the
same value when measured in any inertial
frame.
These two postulates are both concise and
profound. Their greatness lies in the fact that
they are no longer ad hoc assumptions, but have
been elevated to the very foundations of the
entire physical system. This is particularly true
of the principle of the constancy of the speed of
light, which cannot be directly proven (since
measuring the speed of light in one direction
requires first agreeing on simultaneity, leading
to a logical circularity) .[5] Nevertheless, it
serves as the logical starting point for all
subsequent derivations, its correctness being
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verified by the agreement between the entire
theoretical system and experimental results.

3.3 The Physical Significance of the Lorentz
Transformations
From these two postulates, Einstein naturally
derived the Lorentz transformation. Though
mathematically identical to Lorentz's earlier
formulation, its physical significance underwent
a fundamental shift. For Einstein, it ceased to be
a mathematical expedient preserving the ether's
existence, instead revealing the intrinsic
connection between time and space. It
demonstrated that the very nature of spacetime
depends upon the observer's state of motion. [6]
This demonstrates that time intervals and spatial
distances are no longer absolute but relative.
When velocity v is far less than the speed of
light c, the Lorentz transformation degenerates
into the Galilean transformation, indicating that
Newtonian mechanics provides a good
approximation to special relativity under
low-velocity conditions.

4. Spacetime Effects in Special Relativity and
Their Nature

4.1 The Relativity of Simultaneity
Building upon the Lorentz transformation,
Einstein first derived the crucial conclusion of
the "relativity of simultaneity". Two events
occurring simultaneously at different locations
within one inertial frame no longer appear
simultaneous when observed from another
inertial frame moving relative to it. [6] This
conclusion directly stems from the principle of
the constancy of the speed of light, undermining
the very foundation of Newton's concept of
absolute time and demonstrating that
"simultaneity" is a relative concept dependent
upon the reference frame.

4.2 Time Dilation and Length Contraction
Time dilation (slowing of clocks in motion) and
length contraction (shortening of moving objects)
are the two most renowned consequences of
special relativity.
Time dilation: ∆t = γ∆τ, where γ = 1/√(1-v²/c²)
is the Lorentz factor and ∆τ is the proper time.
This indicates that the rate of a moving clock
slows down.
Length contraction: L = L₀/γ, where L₀ is the
rest length. This indicates that an object's length
shortens along its direction of motion.

It must be emphasized that these effects do not
constitute a physical contraction of matter or a
mechanical alteration of clockwork, but rather
the manifestation of the relativity of spacetime
itself across different reference frames. [7] They
are mutually inverse and symmetrical: an
observer in frame S perceives the clock in frame
S' to run slower and the ruler to be shorter, while
an observer in frame S' similarly perceives the
clock in frame S to run slower and the ruler to
be shorter.

4.3 Mass-Energy Equivalence
In 1905, Einstein presented the renowned
mass-energy equivalence formula in another
brief paper: E = mc².[8] This equation reveals
that mass and energy are two manifestations of
the same entity, with immense energy inherent
within stationary objects. This discovery not
only unified the laws of mass conservation and
energy conservation but also theoretically
demonstrated the feasibility of harnessing
nuclear energy, becoming the theoretical
cornerstone of the atomic age.

5. Experimental Verification and Modern
Applications
Special relativity represents not merely a
theoretical revolution; all its key predictions
have undergone rigorous experimental
verification.
Particle Physics: The observed lengthening of
muon lifetimes at high velocities, alongside the
behaviour of particle mass increasing with speed
in accelerators such as the LHC, precisely
matches relativistic predictions.
Atomic Clock Experiments: In 1971, the
Hafele-Keating experiment placed caesium
atomic clocks aboard jet aircraft for a
round-the-world flight. Comparing these with
stationary clocks on the ground confirmed the
effect of time dilation in moving clocks.
Global Positioning System (GPS): The
high-speed motion of GPS satellites (time
dilation) and their position within Earth's
gravitational potential (a general relativity effect)
both affect the rate of their onboard atomic
clocks. Without relativistic corrections,
positioning errors would accumulate by over 10
kilometres daily. This represents one of
relativity's most direct and widespread
applications in everyday life. [4]
These experiments and applications eloquently
demonstrate that special relativity is not a

Journal of Natural Science Education (ISSN: 3005-5792) Vol. 2 No. 5, 2025 93

Copyright @ STEMM Institute Press http://www.stemmpress.com



product of speculation, but a scientific truth
validated by practice.

6. Scientific Thought, Research Methods and
Philosophical Implications
The process by which Einstein formulated the
special theory of relativity epitomises his
extraordinary scientific thought and research
methodology.
1. The pursuit of symmetry: He keenly
discerned the inconsistencies between
Maxwell's electrodynamics and Newtonian
mechanics concerning relativity (such as the
explanation of electromagnetic induction),
dedicating himself to establishing a universal,
unified physical theory. [3]
2. Principle of Logical Simplicity: The
foundation of a theory should be as simple as
possible (such as two fundamental postulates),
yet capable of deducing numerous profound
conclusions.
3. Conceptual Critique and Innovation:
Unbound by conventional wisdom, he dared to
critically examine and operationally redefine
fundamental concepts like "simultaneity" and
"time"-paradigms once deemed self-evident-a
pivotal breakthrough in his work. [8]
4. Thought Experiments and Exploratory
Deduction: He adeptly employed thought
experiments such as the "chasing light
experiment" and the "train-lightning
experiment," deducing logically from
fundamental principles rather than relying solely
on inductive empirical data.
Philosophically, the special theory of relativity
offered profound insights:
It shattered the notion of absolute spacetime,
revealing the intrinsic connection and relativity
between time and space, marking a monumental
shift in humanity's conception of spacetime.
It demonstrates that scientific progress often
stems from profound reflection and
reconstruction of fundamental concepts.
It highlights the observer's role in understanding
nature, where physical laws depend on reference
frames, yet the laws themselves (such as the
invariance of spacetime intervals) remain
objective and absolute. [1]

7. Conclusion
From Maxwell's electromagnetic theory
predicting the constancy of the speed of light,
through the Michelson-Morley experiment's
failure to detect the ether, to the arduous

explorations of Lorentz, Poincaré and others
within the classical framework, Einstein
ultimately achieved a revolution in the
conception of spacetime through the pivotal step
of redefining "simultaneity", establishing two
concise yet profound fundamental postulates.
The genesis of special relativity stands as a
magnificent epic chronicling physicists'
relentless breakthroughs beyond intuitive
experience and their courageous conceptual
reconstructions.
It not only resolved the inherent contradictions
between classical electromagnetic theory and
Newtonian mechanics but also yielded a series
of astonishing conclusions that defied common
sense yet were experimentally confirmed-such
as time dilation, length contraction, and
mass-energy equivalence. More significantly, it
provided a wholly new theoretical framework
for describing the world of high-speed motion,
exerting profound influence across modern
scientific domains including particle physics,
cosmology, and even global navigation systems.
As Minkowski observed: "Space and time
themselves vanish into the shadows; only their
unified entity constitutes an independent
reality." Special relativity served as the first key
unlocking the door to this edifice of
"four-dimensional spacetime," ushering in a new
epoch in humanity's understanding of nature.
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