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Introduction
The history of electromagnetism is often defined by its evolution from 

the classical theories of electrostatics and magnetostatics to the more unified 
and elegant theory provided by James Clerk Maxwell in the mid-19th century. 
Maxwell’s equations, which elegantly describe the behavior of electric and 
magnetic fields and their interactions with matter, remain the foundation 
of classical electrodynamics today. However, the path to Maxwell’s theory 
was not a linear one, and one of the most intriguing and often overlooked 
contributions to the field of electromagnetism came from Wilhelm Weber. 
Weber, a German physicist in the 19th century, proposed a different formulation 
of electrodynamics, most notably encapsulated in Weber’s Electrodynamic 
Force Law. Weber's theory, introduced predates Maxwell’s equations by a 
few decades and offers a fundamentally different approach to understanding 
the electromagnetic force. While Weber’s law was eventually supplanted by 
Maxwell's framework, its historical importance and unique features continue 
to make it a point of discussion for physicists and historians alike. In this 
commentary, I will revisit Weber’s Electrodynamic Force Law, analyze its 
historical and theoretical significance, and explore its enduring relevance in 
the context of contemporary electromagnetic theory [1].

Description
The 19th century was a period of intense scientific discovery, especially in 

the realm of electromagnetism. Following the pioneering work of Hans Christian 
Ørsted, who discovered that electric currents could generate magnetic fields, 
the idea that electricity and magnetism were interconnected began to take 
shape. André-Marie Ampère and Michael Faraday made critical contributions 
to understanding the relationship between electric and magnetic phenomena. 
However, the formulation of a comprehensive theory of electromagnetism 
that unified these forces was still lacking. Weber proposed his law, Faraday 
published his seminal work on the concept of the electromagnetic field. 
Faraday’s ideas introduced the notion of lines of force to describe electric 
and magnetic fields, and while his work was groundbreaking, it was not yet 
mathematically rigorous. This gap in mathematical description set the stage 
for other scientists, including Weber, to attempt to create a more quantifiable 
theory of electromagnetism. Weber’s Electrodynamic Force Law emerged in 
the context of this search for a unified theory. Weber, building on the work 
of Ampère, introduced a mathematical description of the electromagnetic 
force between moving electric charges. His law was one of the first attempts 
to mathematically model the interaction between electric charges in motion 
and provided a precursor to the more comprehensive formulations that would 
follow in the next decades [2].

Weber’s Electrodynamic Force Law is a mathematical expression that 
describes the force between two moving electric charges. Unlike Coulomb’s 
law, which describes the force between static charges, Weber’s law takes 
into account the motion of the charges and the resulting electromagnetic 
interactions. Unlike Coulomb’s law, which assumes charges at rest or in 
motion at a uniform velocity, Weber’s law accounts for the relative motion of 
the charges by introducing a velocity-dependent term. This term captures the 
fact that the force between moving charges is modified by their velocities, 
reflecting a dynamic interaction between the charges. Suggests that Weber’s 
law incorporates relativistic effects, even though the theory predates the full 
development of special relativity by several decades. This term effectively 
reduces the force between charges as their velocities approach the speed of 
light, a feature that aligns with later relativistic treatments of electromagnetism. 
Like Coulomb’s law, Weber’s law follows an inverse square law for the distance 
between charges. This form suggests that Weber believed electromagnetic 
interactions to be governed by the same principles of geometry that apply to 
gravitational and electrostatic forces [3].

While Weber’s law made significant strides in incorporating the effects of 
motion and relative velocity into the description of electromagnetic forces, it 
was not a complete theory of electromagnetism. Unlike Maxwell’s equations, 
Weber’s formulation does not provide a description of the electromagnetic 
field or the way in which electric and magnetic fields interact with each other. 
To better appreciate the significance of Weber’s Electrodynamic Force Law, 
it is helpful to compare it with the two other major laws of electrodynamics: 
Coulomb’s law and Maxwell’s equations. Coulomb’s law, formulated in the 
18th century, describes the force between two point charges at rest. It is a 
simple inverse-square law. While Coulomb’s law is an essential cornerstone 
of classical electrodynamics, it does not account for the effects of charge 
motion or the interdependence of electric and magnetic fields. Weber’s law 
improves upon this by introducing a velocity dependence, which was crucial 
for understanding the dynamics of charges in motion.

Maxwell’s equations, published in the 1860s, are the foundation of 
classical electromagnetism. They describe the behavior of electric and 
magnetic fields and their interactions with matter. The four equations provide 
a complete and unified theory of electromagnetism, taking into account both 
electrostatics and magnetostatics, as well as the dynamical interplay between 
electric and magnetic fields. Maxwell’s theory was more comprehensive than 
Weber’s Electrodynamic Force Law because it described electromagnetic 
fields as continuous entities that could interact, propagate, and exert forces 
on charges. Maxwell also incorporated the concept of electromagnetic waves, 
which were later confirmed experimentally by Heinrich Hertz. While Weber’s 
law contributed to the understanding of electromagnetic interactions, it did not 
offer the same level of generality as Maxwell’s equations. Maxwell’s theory 
provided a framework for understanding how electric and magnetic fields 
could exist independently and interact through the propagation of waves, 
something that Weber’s law did not account. Despite being superseded by 
Maxwell’s equations, Weber’s Electrodynamic Force Law was an important 
step in the development of electromagnetism [4].

Weber’s law predates special relativity by several decades, yet it includes 
terms that are similar to the relativistic factors that would later be developed 
by Einstein. Specifically, the velocity-dependent term in Weber’s law suggests 
that he was intuitively grasping the importance of relativity long before it was 
fully formalized. This insight into the relationship between force, velocity, and 
distance foreshadows the more complete understanding that would come 
with the development of electromagnetism in the context of special relativity. 
Weber’s law was one of the first to recognize that the electromagnetic force 
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between moving charges depends on their relative velocities. This insight 
laid the groundwork for the later development of Lorentz force law and the 
understanding that electric and magnetic forces are interconnected and 
dependent on the motion of charges. Maxwell’s equations would later 
formalize this relationship in a more general framework, but Weber’s early 
work on velocity dependence was a crucial precursor to these ideas. Weber’s 
work helped to pave the way for more modern theories of electromagnetism, 
including the development of field theory and the eventual formulation of 
Maxwell’s equations. While Weber’s law was ultimately found to be incomplete, 
it was an important stepping stone in the scientific community’s ongoing quest 
to understand the behavior of electric and magnetic fields [5].

Conclusion 
Weber’s Electrodynamic Force Law, though ultimately overshadowed by 

Maxwell’s equations, represents a critical contribution to the development of 
electromagnetism. Weber was one of the first to incorporate the effects of motion 
and velocity into the mathematical description of electromagnetic interactions, 
and his work anticipated several aspects of modern electromagnetism. While 
his law is not a complete description of electromagnetic phenomena, it 
remains an essential part of the historical trajectory that led to the development 
of Maxwell’s theory and the full understanding of electromagnetism. Revisiting 
Weber’s law offers valuable insights into the evolution of electromagnetism and 
highlights the importance of early contributions to our current understanding of 
the electromagnetic world.
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