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Maxwell's Equations

Maxwell’s Equations, 1860-1871
Between 1860 and 1871, at his family home Glenlair and at King’s College London,
where he was Professor of Natural Philosophy, James Clerk Maxwell
(/James_Clerk_Maxwell) conceived and developed his unified theory of electricity,
magnetism and light. A cornerstone of classical physics, the Theory of
Electromagnetism is summarized in four key equations (/Maxwell%27s_Equations)
that now bear his name. Maxwell’s equations today underpin all modern
information and communication technologies.

James Clerk Maxwell began
his first serious work on
electromagnetism when he
was a Fellow at Cambridge
University, 1854 – 1856.
From 1860 – 1865 he was a
Professor at King’s College

London, during which time he did some key experiments at the College and at
his residence in Kensington. He began to spend his summers at Glenlair,
Scotland where he also conducted experiments. During his tenure at King’s
College, he published his two most important papers on electromagnetic
theory: “On Physical Lines of Force” (1861), which added a critical correction to
Ampère's circuital law (/Ampere%27s_Law); and “A Dynamical Theory of the Electromagnetic Field” (1865), which proposed light as an
electromagnetic wave. In both cases he pioneered the use of mathematics in describing the behavior of light. From 1865 – 1871, Maxwell
lived full-time at Glenlair as an independent scholar, during which time he wrote his magnum opus, Treatise on Electricity and Magnetism
(published in 1873), which summarized all of the known theory of electromagnetism, including his own contributions. We specify the dates
1860 – 1871 for the Milestone- this covers Maxwell’s time at King’s College London and subsequently Glenlair, during which time Maxwell
published the two key papers on the theory of electromagnetism, and wrote the Treatise.

Maxwell deduced that light was an electromagnetic wave, thus revolutionizing the fields of electrical science and electrical engineering. He
pioneered the use of calculus in electromagnetic science and independently derived three of the four modern equations that now bear his
name. These are Gauss' Law (/Gauss%27_Law), Gauss' Law for Magnetism, and Ampere’s Law (/Ampere%27s_Law) with Maxwell’s correction,
and appear in their original scalar form at equations (115), (56) and (112) in his 1861 paper On Physical Lines of Force. In this paper he also
derived a full-time-derivative version of Faraday’s Law (at equations (54) and (77)), which is a more general version of the fourth modern
Maxwell equation. Equation (77) additionally includes a term for the Lozentz Force, predating the work of Lorentz. The correction to
Ampere’s Circuital Law introduced the electric displacement current, which ultimately enabled his derivation of the electromagnetic wave
equation in his 1865 paper A Dynamical Theory of the Electromagnetic Field. In the 1873 Treatise on Electricity and Magnetism, Maxwell
introduced a condensed, vector form of the equations in quaternion notation (Volume 2, chapter IX General Equations of the
Electromagnetic Field). These included the vector fields E, B, D and H and vector potential A as are used today (albeit originally written in
German Script).

It was Oliver Heaviside (/Oliver_Heaviside) who subsequently introduced the fourth modern Maxwell equation as a partial-time-derivative
version of Faraday’s Law, and recast the equations derived by Maxwell in their well-known vector calculus form, but he acknowledged that it
was Maxwell who did the original work. Albert Einstein specifically acknowledged the importance of Maxwell in his development of special
relativity. It was apparently Einstein who originally referred to them as “Maxwell’s Equations,” and this is the way they are known to the
broader public.

Maxwell built on the earlier work of many giants, including Ampere, Gauss and Faraday, but he himself was a giant who revolutionized the
field of electrical and optical physics, and laid the groundwork for electrical, radio and photonic engineering, with his experiments, theories
and publications. The unification of the theories of electricity, magnetism and light, which comes directly from Maxwell’s equations, clearly
sets Maxwell’s work apart from similar achievements of the time.
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