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This paper revisits Hermann Minkowski’s seminal 1908 work on spacetime to argue for the in-
dispensability of the four-dimensional continuum in understanding relativistic e↵ects. By critically
examining Minkowski’s arguments and exploring the impossibility of explaining length contraction
and the existence of multiple spaces within a purely three-dimensional framework, we aim to rein-
force the reality of spacetime. We review key empirical evidence, including muon decay experiments
and the Michelson-Morley experiment, which consistently support the four-dimensional spacetime
model. Our analysis demonstrates that the interdependence of space and time, as captured by the
Lorentz transformations, necessitates the acceptance of spacetime as a real physical entity. This pa-
per underscores the foundational role of Minkowski’s spacetime in modern physics and its profound
implications for our understanding of the universe.

INTRODUCTION

Context and Background

The concept of spacetime, as introduced by Hermann
Minkowski in his 1908 lecture Space and Time, repre-
sents a foundational shift in the understanding of the
universe. This framework integrates the three spatial di-
mensions with time into a single four-dimensional con-
tinuum, profoundly influencing both theoretical and em-
pirical physics.

Historical Context of Spacetime Physics and Special

Relativity

Before the introduction of spacetime, the Newtonian
view of absolute space and time dominated scientific
thought. According to this classical framework, space
was considered a fixed, three-dimensional stage where
events unfolded over an absolute, universal time. This
view, however, faced significant challenges with the de-
velopment of electromagnetic theory and the inability to
detect the hypothesized luminiferous ether, a medium
through which light was believed to propagate [1].

Albert Einstein’s 1905 theory of special relativity rev-
olutionized this perspective by proposing that the speed
of light is constant in all inertial frames and that the
laws of physics are invariant under transformations be-
tween these frames [2]. Special relativity introduced the
concepts of time dilation and length contraction, demon-
strating that measurements of time and space are relative
to the observer’s state of motion. These ideas necessi-
tated a departure from the classical separation of space
and time.

Introduction to Minkowski’s Contribution with His 1908

Paper Space and Time

Hermann Minkowski, in his 1908 lecture, provided
the mathematical and conceptual framework that uni-
fied space and time into a single entity—spacetime [3].
Minkowski’s spacetime is a four-dimensional continuum
where the three spatial dimensions and time are inter-
woven, fundamentally altering the understanding of how
events occur and are perceived in the universe.
Minkowski introduced the notion of the invariant inter-

val, a quantity that remains constant across all inertial
frames and is given by:

s2 = �(ct)2 + x2 + y2 + z2 (1)

This formulation encapsulates the idea that space and
time are not independent but are aspects of a single, uni-
fied structure. Minkowski’s work provided the geometric
interpretation necessary for the full realization of special
relativity’s implications, laying the groundwork for the
later development of general relativity by Einstein.
By integrating time as a fourth dimension alongside the

three spatial dimensions, Minkowski’s spacetime o↵ers a
comprehensive framework for understanding relativistic
e↵ects. This four-dimensional perspective is crucial for
explaining phenomena such as time dilation and length
contraction, which are observed experimentally and con-
firm the predictions of special relativity. Minkowski’s
contributions thus represent a significant advancement
in the conceptualization of the physical universe, under-
scoring the necessity of the four-dimensional spacetime
continuum for modern physics [4–7].
The primary objective of this paper is to demonstrate

the necessity of a four-dimensional spacetime, as intro-
duced by Hermann Minkowski, for the consistent expla-
nation of relativistic e↵ects. The concept of spacetime
merges the three spatial dimensions with time into a sin-
gle four-dimensional continuum. This framework is es-
sential to explain phenomena such as length contraction


