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History of Physics (12)

Celebrating hundred-fifty years of Maxwell's equations: a historical perspective

Jan Lacki, Uni Genéve

The achievement of a unified theory of electromagnetism is
certainly one of the most glorious episodes in the history of
physics. Not only did this endeavor elegantly describe elec-
trical and magnetic phenomena within a single framework.
It also put forth as major concepts fields mediating forces,
propagating and hence enabling non-instantaneous effects.
This was a major departure from the mechanical distant-
action way of conceiving phenomena, dominant since the
triumph of Newtonian gravitation theory and his corpus-
cular-mechanical ontology of phenomena '. Such was the
success of field-driven physics that at the end of the 19™
century the "electromagnetic world view" attempted, in a re-
surge of reductionism, to reduce in turn mechanics (inertia)
to electrodynamics 2. In a sense, this is still the intellectual

1 This does not mean that Newton did not speculate on possible
mechanisms behind the action at distance scheme, see for instance the
famous "Queries" at the end of his Opticks, 1704.

2 For an account of the electromagnetic world-view see Jungnickel, C.
and R. McCormmach, Intellectual Mastery of Nature: Theoretical Physics
from Ohm to Einstein, vol. 2, Chicago: University of Chicago Press, 227-
244.

scheme where we stand today.
The success of electrodynam-
ics came as a conjunction of
several bright intuitions and
moves. It took Faraday's genius
to concentrate, in his experi-
mental investigations, on the
physical effects in intermedi-
ate space between wires and
surfaces carrying currents and
electric charges, it took Thom-
son's mathematical virtuosity to
understand that Faraday's fancy
lines of force could find a math-
ematical description. And then,
of course, it is Maxwell's im-
mense feat to have transformed
his predecessors’ intuitions and
first results into a full-fledged theory expressed through his
celebrated equations.

Fig 1: James Clerk Maxwell
at the time of his final formu-
lation of electrodynamics.
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Fig 2: A chronological panorama of some prominent characters in the developpement of electrodynamics and the conceptual links relating
their ideas as alluded to in this paper. The ovals are roughly sketching the intellectual traditions, the continental "action at distance" (lower
left), the British "field" one (upper left), and, on the right, the intellectual trend that will bring up relativity.



Maxwell's prodigious stature however should not prevent us
from recognizing what his, sometimes critical, heirs, Heavi-
side, Hertz and Lorentz to name just these few, have contrib-
uted to our present understanding of electrodynamics. What
we call today "Maxwell's theory" is rather remote from what
Maxwell himself thought of electromagnetic (e.m.) phenom-
ena. The contemporary way of thinking of interactions bet-
ween charges and fields is rather Lorentz's than Maxwell's.
And we owe to Lorentz and Poincaré to have addressed in
the most brilliant way the problem of the electrodynamics
of moving bodies that led eventually to Einstein's relativity.
There is then ample room for revisiting the history of electro-
dynamics, using historical scholarship to put straight some
common places and reach a more faithful picture of how
(our) electrodynamics was achieved. As is often the case in
history-conscious accounts, if the narrative turns eventually
out much more complex than the received views, it makes
the story and its characters even more fascinating °.

The development of electromagnetism: 19" century op-
posing trends

Oersted’s discovery in 1820 of the action of an electric cur-
rent on a magnet mightly surprised the community and trig-
gered an immediate frenzy of scientific activity: many were
those trying to replicate and push further Oersted’s obser-
vations and ideas. Two men proved particularly successful:
driven by quite different physical intuitions and paradigms,
each of them initiated a long lasting tradition. The French
André Marie Ampére obtained in 1826 his celebrated law of
interaction between current elements perpetuating the new-
tonian action at a distance scheme with a remarkable fol-
lowing in 19" century Germany. The Briton Michael Faraday
initiated instead, more or less at the same time, a radically
new way of thinking about e.m. interactions with an even
longer posterity.

Ampére, a typical representative of the French scientific
school of the time, mathematized e.m. phenomena getting
inspiration from the successes of 18" century French math-
ematical physics. Following neo-newtonian inspiration wide-
spread in his community and championed at the time by the
giant of French mathematical physics Laplace, Ampére ex-
pressed his finding in terms of action at a distance between
current elements idl and /'dl' :

2 __oor[dl-dll 3 (r-di)(r-dI)
aif =i rl P 2 r

Here (and later) bold characters denote vectors; in particu-
lar r is the vector joining both current elements. The rela-
tion with Coulomb's inverse of square distance law between
charges (1785) is manifest. Ampére achievement was in
turn a guide for further progress on the continent which (to
make it short) culminated in the action at a distance Wilhelm
Weber's law adding to Coulomb interaction velocity and ac-
celeration depending terms (1847). Weber's force between
charges e and €' joined by vector r of module r is (compare

f=2¢ r[1 -
,2
3 For an extensive and detailed account of the history of electrodynamics,
together with references to most important controversies and contemporary
literature, see Olivier Darrigol's Electrodynamics from Ampeére to Einstein,
Oxford University Press, 2000

1
2c?

36

Notice the constant ¢ expressed in units of velocity that We-
ber identified as the ratio of the electromagnetic to the elec-
trostatic units of charge “.

As successful as the continental action at a distance elec-
trodynamics were, they eventually merged and went ab-
sorbed, in the last decades of 19" century, in a more power-
ful and innovative tradition born in Britain. Indeed, while on
the continent Ampére worked under the spell of neo-newto-
nian physics, on the other side of the Channel Michael Fara-
day was developing a deeply original way of accounting for
electromagnetism in terms of lines of force and propagating
effects. The experimental skills and deep intuition of physi-
cal phenomena of Faraday led him indeed to propose a very
different representation. He started by taking over Oersted’s
observations carefully mapping the forces exerted on a
magnet pole. Soon he reached a representation in terms of
lines of force able to account for the complex geometry of
forces surrounding the current carrying conductor. This way
of thinking proved successful. Where on the continent it was
all about charges and currents (sources), free in wires and
plates or bound in isolators, but all interacting at a distance,
Faraday concentrated on the physical actions established
in the space surrounding or inside material devices. In a
sense, he pioneered a highly original way of concentrating
on the geometry of resulting forces, the lines of magnetic
and electric forces, rather than on the distribution of their
sources. Faraday's law of induction (1831) showed that his
representation could as well serve quantitative description:
even if he did not attempt at mathematizing his "fields", he
could express the induced electromotive force in a loop of
wire in terms of the number of lines of magnetic force cut in
unit time by the loop.

A self-trained scientist, Faraday succeeded to achieve pro-
digious experimental skills and intuition but his self-tutoring
left some weak spots: because of his lack of mathematical
knowledge, he did not care, in his science, for mathemati-
cal formalization. The experimentally minded Faraday con-
sidered this weakness rather an advantage as he thought
it prevented him from ill-called, formalism-driven, specu-
lations. No wonder then that a mathematical virtuoso and
polymath such as William Thomson, an illustrious repre-
sentative of Cambridge mathematical physics, did not think
initially much of Faraday’s lines of forces. While duly ac-
knowledging Faraday’s experimental discoveries (the laws
of induction, of electrolysis, the "Faraday effect", diamag-
netism, etc.), Thomson was not impressed with Faraday’s
fancy field representations. He changed his mind in 1845
when, pondering on Joseph Fourier’s heat equation (1822),
at the time one of the pinnacles of mathematical physics
and Thomson’s favorite, he realized an interesting anal-
ogy with Poisson’s equation for the electrostatic potential.
A strong supporter of Laplacian neo-newtonian physics,
Siméon Denis Poisson proposed in 1812 to deal with Cou-
lomb electrostatic forces using the mathematical artifact of
the electrostatic potential ¢. Instead of summing the Cou-
lombian electrostatic forces over (the density of) charges
p., he found it more convenient to compute the electrostatic
potential with his celebrated equation

AP =V-(Vo)=—p.le

4 Weber and Kohlrausch measured this ratio in 1856 and found it close to
the value of the speed of light, but more on this later.



It has to be emphasized that Poisson did not attach any
physical meaning to the potential ¢: it was for him a purely
mathematical expedient from which to obtain forces. Dec-
ades later Thomson observed Poisson's equation's math-
ematical analogy with the stationary Fourier heat equa-
tion for the temperature T in a homogeneously conducting
body with a distribution of heat sources P playing the role
of charges (for sake of simplicity | assume below P is ex-
pressed in some appropriate units to fit the equation):

AT=-P

Thomson pushed the analogy further and obtained an in-
spiring physico-mathematical intuition of Faraday's field rep-
resentations. The heat equation has a natural interpretation
in terms of heat flow corresponding to the gradient of tem-
perature T. It was a short step to view Poisson’s equation
as accounting as well for some sort of "flow": the electric
charges were analogous to heat sources or wells, the equi-
potential lines to isothermals, and most importantly, the lines
of heat flow to the integral lines of the gradient of potential
¢ and eventually Faraday's lines of force. Thomson realized
thus that he could after all give mathematical meaning to
Faraday’s fancy representations in terms of some flow dy-
namics. This is where Maxwell entered the scene.

Maxwell’s equations, mathematical virtuosity and me-
chanical ingenuity

Maxwell’s contributions to electrodynamics and optic spawn
a substantial period of time, from his initial paper "On Far-
aday’s lines of force" (1856) to his exhaustive "Treatise
on Electricity and Magnetism" (1873) 5. In what concerns
"Maxwell’s equations" and Maxwell’s merging of optics with
electromagnetism, his most important papers spread from
1861 to 1865 making it diffcult to single out a sharp date
to celebrate his discovery of the theory. The decisive steps
in Maxwell’s thinking are nonetheless clear. Impressed with
Thomson’s mathematical intuitions about the formalization
of Faraday’s representations and sharing Thomson's be-
lief that electromagnetic phenomena are at the fundamen-
tal level of mechanical origin, Maxwell set initially to make
precise Thomson’s electromagnetic flows. Considering the
physical framework of stationary flows of incompressible
fluids in porous (mechanically resistive) media, Maxwell ac-
counted in his 1856 paper for the relations

D=—¢V$p=¢cE ;B=uH; j=0oE,

in terms of forced flows D, B and j because of pressure
gradients associated to E and H. While enabling to express
the quantitative relations of electrical and magnetic induc-
tion, as well electric conduction, Maxwell’s flow model,
when considered from a purely mechanical point of view,
did not say yet anything on the relations between electricity,
magnetism and galvanism. Maxwell managed nonetheless
to obtain "Ampére’s law", taking into account the energetic
aspects of the model: The line integral of the magnetic field
H, corresponding to "work", is counting the number of equi-

5 All Maxwell's papers can be found in The Scientific Papers of James
Clerk Maxwell, 2 vols. Cambridge, 1890. See also references in Darrigol's
book. The treatise is easily accessible separately.
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potentials crossed by the integration path so that, taking into
account Ampeére's 1826 law of current interaction, this inte-
gral has to equal the total current crossing the correponding
surface 3, :

§ H-di= [[j-dS or,in differential form, VxH = j
) z

In a similar way, one could derive the mathematical expres-
sion of Faraday's law of induction

iEE-dI=—%fsz-dS

Maxwell’s reasoning in his 1856 paper appears, upon in-
spection, as relying on rather heterogeneous conceptual el-
ements: fluid mechanics, energetics and Faraday's inspired
representations, all contribute to the results. Also, "direct"
mechanical reasons behind Ampére’s and induction laws
are wanting. Last but not least, mirroring the vagueness in
the definition of charge, electrostatics and electromagnet-
ism are unconnected. Wishing a more coherent (mechani-
cal speaking) framework from which to derive electrostatic
and electromagnetic laws, Maxwell came back to this prob-
lem in his subsequent and most celebrated publications. In
his “On physical lines of Force” in four parts (1861-1862),
Maxwell took advantage of a mechanical model that, he
claimed, could

"allow the mind at every step to lay hold of a clear
physical conception, without being committed to any
theory founded on the physical science from which
this conception is borrowed, so that it is neither drawn
aside from the subject in pursuit of analytical subtle-
ties, nor carried beyond the truth by a favourite hy-
pothesis" °.

Guided again by Thomson’s ideas, this time of a fundamen-
tal rotation to be associated to magnetic lines of force (1856,
because of the suggestive rotation of the polarization plane
in the Faraday effect), Maxwell proposed to think of the mag-
netic field in terms of a mechanical all-pervasive medium
(the electromagnetic ether) with a (continuous) distribution
of vortices the angular velocity of which were to represent
the magnetic force H. Maxwell could show, using the tools
of continuum mechanics, that the mechanical strains and
stresses, because of the centrifugal forces between adja-
cent vortices, resulted in forces f the general expression of
which is

f= (V~,uH)H+(V><H)><,uH+,uV(%H2>—Vp (1)

Because of the close correspondence between the terms
of this expression and electromagnetic phenomena (for in-
stance the term (V - £H)H standing for magnetic force exert-
ed on magnetic charge density (V- uH), and (VX H)x uH
standing for magnetic force exerted on currents, etc.), Max-
well knew he was on the right track and went consequently
deeper in the mechanics of his model. In particular, he intro-
duced, because of the impossibility of immediately adjacent
rotational motions in the same direction, intermediate layers
of "particles" functioning as idle wheels (see Fig. 3).

6 On Faraday's lines . . ., p. 156.



Fig 3: Maxwell's vortices idealized as hexagonal cells with idle par-
ticles in the interstices, Maxwell 1861.

The particles had a further virtue: identifying (in loose terms)
their motion with flow of electricity, Maxwell could recover,
in "mechanical" terms, Ampére Law as well as Faraday’s
law of induction! Let us first observe that the differential ve-
locities of rotation of adjacent vortices have the net effect
of chasing the particles off their "equilibrium" positions and
making them move. Indeed, when the rotational velocities of
adjacent vortices are the same, the particles only rotate to
transmit rotational motion but do not translate. With a differ-
ence of velocities (non constant magnetic field) the particles
move in the interstices. This effect can be computed. Let
j stand for its intensity. Some little geometrical-mechanical
thinking shows that there is a contribution to the z-compo-
nent of j if the velocities of rotation of the vortices given by
components H and H, are varying respectively in the x and
y directions. Combining both contributions, taking care of
the fact their effect on the circulation of particles are "oppo-
site", one obtains accordingly:

_9H, _ 8H,
ox ay

which is just the Zz-component of Ampeére's equation
j = VX H. The other components are obtained similarly.

As for the Faraday's law of induction, let us consider the
"electromotive" force exerted on particles, say E, because
of their contact with vortices. The action-reaction principle
requires equal but opposite forces.

Consider the velocity of rotation of a vortex corresponding to
component Hy: It will vary because of the torque exerted by

these forces, the relevant contributions being this time 9E,
and % . Combining both, taking again into account their

opposite effect, yields

M, __dE, , 9E.
ot ox oz

provided one identifies the angular momentum L of a vor-
tex with the term wH 7 and the torque M with the curl of -E.

7 See Maxwell's original paper for details. One can as well consider
Darrigol's accounts, op. cit., to get the essential clue.

38

Notice that this identification is quite coherent with the in-
terpretative requirements of equation (1). One obtains thus
the y-component of Faraday's induction law, and similarly
for the others.

The conclusions reached so far make the content of Max-
well’s first two parts of his memoir. There was a break in his
publications (but not in his thinking) until he released in 1862
the third part of "On physical lines of Force", presumably the
most celebrated of his electrodynamics writings. It contains
the derivation of the famous displacement current and the
identification of light phenomena with electromagnetic ones.
Maxwell’s primary scope in this part was to account for elec-
trostatics. In particular, Maxwell wanted to make explicit
what corresponded in his model to electrical charge and to
account for Coulomb forces. He considered consequently a
new mode of motion of his "electricity-related" particles, not
the circulatory one giving rise to closed conduction currents,
but one resulting from the variation of particles' displace-
ments due to deformations of vortices under elastic forces.
Indeed, we saw that particles mechanically interacting with
vortices reciprocal forces, with -E denoting forces exerted
on the vortices. The latter get elastically deformed and con-
sequently the particles, "sticking" to the vortices, experience
a displacement & proportional to the deformation force:

o =—¢cE

Since any motion of particles was assumed standing for a
"current", the time derivative of & had to be intepreted as a
current as well and Maxwell added it as a contribution to the
total current obtaining the following modification of Ampeére's
law:

fele)

P
i ><H+at

The total (left-term) current could then have a non vanishing
divergence (it was not anymore a pure curl), and it is possi-
ble to obtain a continuity equation for electric charge density

v-j=v-(v><H+%)=vjdep_:%(va)

provided the latter is identified with —V - & .

An indirect argument based on energy conservation ena-
bled further Maxwell to obtain Coulomb’s law. It consisted
in varying the elastic energy stored in local displacements &

corresponding to local energy density %(— E 9).

Cautious readers will realize at this stage that almost eve-
rything (the completed Ampére's equation, the law of induc-
tion equation) was in place to obtain formally a wave equa-
tion for fields: this is indeed how some textbooks present the
importance of the displacement current term for the identi-
fication of light with electromagnetic waves. This is not how
Maxwell proceeded. Getting deeper into the mechanics of
elastic deformations of the vortices underlying his displace-
ment current, he considered the propagation of the corre-
sponding transverse elastic waves and could show that their
speed of propagation in vacuum was given by the expres-

sion 1//&oldo .

As we have seen, this constant had at the time an important



empirical meaning: it was expressing the ratio between el-
ementary electromagnetic and electrostatic forces and was
known to have an experimental value strikingly close to the
speed of light (the latter determined in Hippolyte Fizeau's
1849 experiment). In a famous sentence, Maxwell conse-
quently stated:

“we can scarcely avoid the inference that light con-
sists in the transverse undulations of the same me-
dium which is the cause of electric and magnetic phe-
nomena’.

Maxwell derivation of the displacement current, its relation to
electric charge and the (indirect) use he made of it in identify-
ing optics with electromagnetism stirred quite a controversy
among scholars, Maxwell’s contemporaries and later histo-
rians who examined this episode. His reasoning is still prone
to fierce differences of interpretation among contemporary
scholars. Indeed there are pressing questions concerning
the methodological and epistemological scope of Maxwell’s
construction. To quote just a few controversial issues: did
Maxwell believe in the reality of his vortex mechanics? Did
he get the idea of the displacement current and of the iden-
tification of light with e.m. waves as a direct inspiration from
his model or did he have prior (non model-related) reasons
to go this direction? | can provide here only some clues at
possible answers and refer the interested reader to the rich-
ly documented debate in contemporary historiography and
philosophy of science for details . Among those who reject-
ed the relevance of Maxwell’s vortices one finds the French
"Fin de siecle" physicist historian philosopher Pierre Duhem
who sharply criticized, as a harsh positivist, any indulging in
mechanical models as way of representing or, worse, un-
derstanding (macroscopic) physical phenomena.This was a
(guilty) tendency that Duhem flatly ascribed to British sci-
entists with Maxwell a typical representative °. For Duhem,
the latter founded his results upon purely experimental evi-
dence and only later coined a mechanical model to "sell" his
physics. Even if today Duhem’s position is considered too
radical, there are historians who claim that Maxwell’s model
had no heuristic value in his identification of light with e.m.
phenomena. They point to some inconsistencies that would
follow from the strict use of Maxwell's mechanical model, in-
consistencies that Maxwell avoided so that there must have
been autonomous reasons behind his discovery °. Others,
on the contrary, view Maxwell’s model-reasoning as crucial
and advocate this historical case as illustrative of the gen-
eral claim that theoretical physics is about model thinking ™.

8 See Alan F. Chalmers, "Maxwell's methodology and his application
of it to electromagnetism", Studies in History and Philosophy of Science,
vol. 4 (1973), 107- 164; Alan, F. Chalmers, "The heuristic role of Maxwell's
mechanical model of electromagnetic phenomena", Studies in History and
Philosophy of Science, vol. 17 (1986), 415-427;

Daniel M. Siegel, "Thomson, Maxwell, and the Universal Aether in
Victorian Physics", in Conception of Ether: Studies in the History of Ether
Theories, M. J. S. Hodge (ed), Cambridge University Press, 1981, 259-
60; Daniel. M. Siegel, Innovation in Maxwell's electromagnetic Theory,
Cambridge University Press, 1991, especially chapter four;

Nancy J. Nercessian, "Aether/Or: The Creation of Scientific Concepts",
Studies in History and Philosophy of Science, vol. 15 (1984), 175-212.

Further references will be found in Darrigol's book referenced earlier.

9 P. Duhem, Les théories électriques de J. Clerk Maxwell. Etude critique
et historique. Hermann, 1902.

10 For example Chalmers, op.cit.

11 For example Nercessian, op. cit.
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But what about Maxwell's own belief in the reality of his me-
chanical model? As mentioned, Maxwell believed in the un-
derlying mechanical reality of e.m. phenomena but he made
it plain on several occasions that his model served only as
a guide for thought and was not to be considered at face
value. His introductory sentences in the beginning of his "On
the Faraday’s lines..." quoted before make it clear. And in
his "Physical lines...", he stated:

"The conception of a particle having its motion con-
nected with that of a vortex by perfect rolling contact
may appear somewhat awkward. | do not bring it for-
ward as a mode of connexion existing in nature, or
even as that which | would willingly assent to as an
electrical hypothesis. It is, however, a mode of con-
nexion which is mechanically conceivable, and eas-
ily investigated, and it serves to bring out the actual
mechanical connexions between the known electro-
magnetic phenomena; so that | venture to say that
any one who understands the provisional and tem-
porary character of this hypothesis, will find himself
rather helped than hindered by it in his search after
the true interpretation of the phenomena."

There is further evidence that Maxwell did not take his vortex
model at face value. Indeed, in a third batch of reflections
on electrodynamics published five years after his "Physical
lines..." and entitled "A dynamical theory of the electromag-
netic field" (1865) Maxwell proceed in more abstract way.
He used the rich arsenal of Lagrangian mechanics which
dispensed him from making precise the underlying mechan-
ical model: it was just enough to assume there was one. He
obtained the same equations and the wave equation for the
propagation of e.m. effects 2.

Maxwell’s posterity: which and whose equations, what
ontology?

As mentioned, already in Maxwell’s times there was perplex-
ity as to what was exactly the content of his theory. Several
prominent scholars pondered on Maxwell’s heritage trying,
following their philosophical beliefs or professional needs,
to recast Maxwell’s results, Heaviside, Hertz or Lorentz to
quote but the few. Heinrich Hertz in particular is known for a
radical view on Maxwell’s results. To him, Maxwell’s elabo-
rate model was similar to a scaffolding to be taken away once
the building was erected ® . But what was just the building
that Maxwell erected? To Hertz opinion, these were just his
equations. In a famous sentence he declared (1893): "Max-
well’s theory is the system Maxwell’s equations". But it was
Lorentz who took the most decisive steps towards what we
consider today "electrodynamics". To understand Lorentz'
contribution, one has to come back to Maxwell’s e.m. on-
tology. Maxwell’s electromagnetic ether, the medium where
light was eventually identified as an elastic wave, was all

12 Quite importantly Maxwell has changed in this paper the relation

between the total current and the displacement one: he set this time
iy 98 _ . . .
I+ Y VXH_ The issue of the sign of the displacement current and
the way it relates to Maxwell's views on charges and their location is
complicated and | refer the reader to the enlightning papers of Siegel,
Chalmers and Darrigol.

13 Ueber die Grundgleichungen der Elektrodynamik fuer ruhende
Koerper, Annalen der Physik, vol. 40 (1890), 577-624.



pervasive, its mechanical properties affected by ponderable
matter as expressed by the local values of the permittivity
and permeability constants. Fields, expressing local strains
and stresses of the ether, were the basic ontology underly-
ing e.m. phenomena. In particular, electrical charges had no
autonomous existence, they were considered (Maxwell was
following on this point Faraday) only as manifestations of
discontinuities in the polarization .

Lorentz who entered the stage at the time of Maxwell un-
timely death changed radically Maxwell’s picture 5. In rela-
tionship with the soon to be discovered elementary carrier
of charge (the electron, 1897), Lorentz proposed a dualistic
picture. He kept Maxwell’s electromagnetic ether but de-
prived it of any mechanical properties except hosting e.m.
fields. The latter were generated by charged ions and the
ions unimpeded motions (currents) through the ether. In-
deed, Lorentz’ ether was mechanically absolutely stationary
() and remained unaffected by matter. In Lorentz picture,
charges (ions) are the prime entities and their interaction
are mediated through fields in the ether. Save for the ether
which, since the revolution of relativity, went banished from
physics, this is basically still our view on e.m. inert phenom-
ena.

Lorentz conceptual framework was powerful enough to
handle physical issues that Maxwell, his untimely death put
aside, could not consider and in particular the phenome-
na of light interacting with matter. Maxwell did identify light
with e.m. waves (the latter were experimentally found, as is
well known, by Hertz in 1887), but this unification of optics
with electromagnetism did not bring much in terms of fur-
ther results: such basis effects as dispersion or Faraday’s
effect remained to be explained. Lorentz did it most bril-
liantly. His account of optical-electromagnetic phenomena
always relied on careful averaging of the effect of incom-
ing (primary) fields on local densities of ions and the sec-
ondary fields generated by the ions' motions, In particular,
Lorentz provided an explanation of the famous coefficient of
the ether drift postulated by Fresnel. Let us remind that Au-
gustin Fresnel proposed the ether drift hypothesis (1818) in
order to explain the absence of observational evidence for
the change of the aberration angle in Arago's experiments
on stellar aberration ®. The value of this coefficient was

14 See Chalmers, Darrigol or Siegel, note 12.

15 Lorentz defended his Ph.D. dissertation in 1875 while Maxwell died
in 1879.

16 For details on stellar aberration, Arago's experiments and the ether

later vindicated experimentally by Hippolyte Fizeau (1851).
Lorentz, almost half a century later derived the value rely-
ing on his assumption of an absolutely stationary ether. The
latter hypothesis spawned another chapter in physical in-
vestigations, the problem of the electrodynamics of moving
bodies, i.e. the description of e.m. phenomena in moving
frames (with respect to Lorentz' ether which was provind-
ing an absolute frame of reference). This is where Lorentz
obtained his most brilliant results. In a series of papers in
the ninties Lorentz could prove the absence of first order ef-
fects in e.m. phenomena corresponding to constant motion
through the ether 7 but, to cope with second-order experi-
ments such as the ones of Michelson-Morley (1881-1887),
he had further to introduce, as is well known, an ad hoc
hypothesis, that of length contraction physically caused by
motion through the ether. The lucid and insightful criticisms
of the French Henri Poincaré helped much to clarify the
physical and mathematical issues underlying Lorentz quest
and even drove Poincaré to go as far as hinting at some
"new physics" . As we know it well, the story ends up with
Einstein who set all the records straight by definitely divorc-
ing with classical Newtonian absolute kinematics of which
the Lorentzian ether was the last embodiement. But there
we are already quite remote from our original concern, the
discovery of electrodynamics.

So, should we still talk of Maxwell’s equations and Maxwell’s
electrodynamics as an abbreviation for our present views?
In view of history and of what historical scholarship enabled
to make clear, definitely not. However, doing so in mundane
circumstances is probably innocuous, provided one remem-
bers all the contributors who paved the way since Maxwell's
pioneering results and his mechanically grounded ways of
thinking. Maxwell’s proper theory is only the beginning of
"our" electrodynamics, as much as "Newtonian mechanics"
is of our "classical mechanics", which should be put more
on Euler’s and all the continental scholars’, the Bernoullis',
d’Alembert's, etc. credit than solely on Newton's. We have
just to strike the right balance between our natural urge to
identify science heros and our duty to pay due attention to
the rest.

drift hypothesis, see for instance the book of A. Miller: Albert Einstein’s
Special Theory of Relativity. Emergence (1905) and Early Interpretation
(1905-1911), Addison-Wesley, 1981.

17 For details and a global assessment see Lorentz' Versuch einser
Theorie der elektrischen und optischen erscheinungen in bewegten kérper,
Leiden, E.J. Brill, 1895; see also Darrigol's account, op. cit. chapters 8 and
9.

18 See Darrigol, op. cit.
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