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Physics Just Before Einstc 

The development of electromagnetic theory w< 

major activity in physics before relativity the( 

Alfred M. I 

Albert Einstein's 1905 paper on rel- 

ativity has usually (1) been viewed as 
the epitome of a scientific revolution. 
Here it is my intention to examine 
some aspects of physics in the period 
before the special theory of relativity 
was proposed. A catalog of occurrences 
during this period would be uninter- 

esting and misleading, since not all the 
occurrences are of equal importance. 
As often happens, however, a particu- 
lar line of development is dominant, 
shaping the physics of the time and 
determining the interesting problems. 
Much of physics just before Einstein 
centered upon the development of one 

major physical theory, the electromag- 
netic theory. Physicists of the late 19th 

century were not concerned only with 

electromagnetic theory, but they cen- 
tered their interest upon it. The exist- 
ence of a central theory gives a focus 
for the discussion, and it gives a begin- 
ning point-James Clerk Maxwell's 
work on electromagnetic theory. 

James Clerk Maxwell 

As one can hardly say that Max- 
well himself came "just before Ein- 
stein," I review his work only briefly. 
Virtually all of Maxwell's exposition 
of electromagnetic theory is contained 
in the three major papers (2) of 1856, 
1861-1862, and 1864, the minor paper 
of 1868, and the Treatise on Electric- 
ity and Magnetism (3), first published 
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1864 paper. Maxwell used both a com- 
ponent notation and a quaternion no- 
tation (not used before the Treatise). 
To facilitate comparison, Fig. 1 also 
displays his equations in a contempo- 
rary vector notation. A physicist famil- 
iar with the equations that are today 

1lin called Maxwell's equations will im- 
mediately observe some contrasts. In 
the basic equations Maxwell used not 

as a only the electric and magnetic field 
quantities but also the potentials. He 

ory. originally developed the concept of the 
vector potential to provide a mathe- 

3ork matical representation of Faraday's 
electrotonic state (4), commenting 
(contrary to the contemporary view), 
that it "may even be called the funda- 
mental quantity in the theory of elec- 

tl ideas of elec- tromagnetism (3, vol. 2, sect. 540)." 
re contained in The name vector potential appears for 
per, although a the first time in the Treatise. Some 

appears in the of the equations usually seen today, 
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mate of physics magnetic theory of light, as summa- 
)'s the "guiding rized in volume 2 of the Treatise, 
s been quantum chapters 20 and 21. After deriving the 
g field concepts wave equations for the vector potential, 

he compared the experimental values 
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-ory as Maxwell of refraction for various substances. 
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sources. These comments are not in- 
tended as a criticism of Maxwell; we 

hardly expect the innovator to explore 
the area fully. 
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Maxwell's contemporaries largely 
ignored his work. P. G. Tait and Lord 
Kelvin (William Thomson) were close 
friends of his, but Tait gave no sign 
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Fig. 1. The equations of the electromagnetic field as given in James Clerk Maxwell's 
A Treatise on Electricity and Magnetism (edition 2). Note misprint of "Z" in the 
second of equations A. 
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of understanding electromagnetic the- 

ory and Kelvin explicitly rejected it, 
even late in his life, long after Max- 
well's death. But it is gratifying to note 
that Maxwell lived long enough to see 
others begin to use electromagnetic 
theory. Figure 2 shows the first page 
of Maxwell's review (5, p. 40) (the 
original is in the University Library, 
Cambridge) of a paper by FitzGerald 

concerning reflection and refraction of 

electromagnetic waves, a topic Max- 
well mentioned (5, p. 25) in a letter 
to G. G. Stokes (15 October 1864) 
but never developed. Maxwell was 
aware of H. A. Lorentz's work on 
the subject; Lorentz in his doctoral 
thesis, completed in 1875, considered 
reflection and refraction. 

The Modifiers 

In surveying work in electromag- 
netic theory from Maxwell's death in 
1879 to the publication of Einstein's 
1905 paper on relativity, it is useful 
to distinguish between those who at- 

tempted to modify or extend the theory 
and those who attempted to develop 
its consequences. This is not a hard- 
and-fast dichotomy, but it reflects a 
division often found in theoretical 

physics. As seen in retrospect, it seems 
that in this instance the developers 
made the major contributions to con- 

temporary physics, but at that time this 
was not at all obvious, particularly in 

England. Nor do the developers of a 

theory always contribute more than 
the modifiers. We shall look first at the 
modifiers and extenders and then in 
more detail at the developers. 

Helmholtz and Boltzmann produced 
their own versions of Maxwellian elec- 

trodynamics, and Curry's book (6), 
based on Boltzmann's lectures, spread 
these ideas to England. Perhaps we 
could best regard this work today as 
a transition on the continent from the 
"action at a distance" theories of 
Gauss, Weber, and Neumann to Hertz's 
work within the Maxwellian tradi- 
tion. 

We see a different trend in the Eng- 
lish extenders of Maxwell, principally 
in Joseph Larmor and also, to a lesser 
extent, in J. J. Thompson, H. M. Mac- 
donald, and Oliver Lodge. This group's 
principal concern is the ether (or 
"aether," as some preferred to spell it), 
a hypothetical medium in which elec- 

tromagnetic energy was supposedly 
stored and in which electromagnetic 
waves traveled. Perhaps the apex was 

SCIENCE, VOL. 152 



Larmor's influential book Aether and 
Matter, published in 1900 (7). Lar- 
mor expressed early enthusiasm about 
ether in a letter he wrote to Oliver 
Heaviside on 12 October 1893 (8): 

I fancy I have got a grip of the aether, 
as I am full of the matter. I begin by 
establishing in its entirety MacCulagh's 
theory of light, then include all electrical 
phenomena with the usual sort of reserva- 
tions or assumptions (as regard dissipative 
actions), and end witih Lord Kelvin's 
vortex theory of matter. Only gravitation 
stands now outside, and serves as a very 
useful deus ex machina to illuminate one 
knotty point. 

Almost all these men, both the mod- 
ifiers and the developers, believed in 
ether. Some stressed this but little, 
while others considered the properties 
of the ether to be the major unsolved 

problem of electromagnetic theory. 
Maxwell himself had used an elaborate 
model in his 1861 paper, involving 
vortices and idle wheels (something 
like ball bearings) (Fig. 3), but later 
abandoned it. He never gave up the 

hope of finding a mechanical basis for 
electromagnetic theory. 

Belief in the existence of an ether 
did not depend upon acceptance of 
Maxwell's views on electricity and 

magnetism. Lord Kelvin is a good ex- 

ample of a non-Maxwellian who spent 
much of his life attempting unsuccess- 

fully to develop the ether concept. 
At the end of the Treatise (3, vol. 

2, sects. 865, 866) Maxwell reviewed 
the "action at a distance" views and 
commented: 

There appears to be, in the minds of 
these eminent men, some prejudice, or a 
priori objection, against the hypothesis of 
a medium in which the phenomena of 
radiation of light and heat and the electric 
actions at a distance take place. 

But he went on to argue that even 
this group, because they usually al- 
lowed finite time of propagation, used 
the ether concept implicitly: 

Hence all these theories lead to concep- 
tion of a medium in which the propaga- 
tion take place, and if we admit this 
medium as an hypothesis, I think it ought 
to occupy a prominent place in our in- 
vestigations, and that we ought to en- 
deavour to construct a mental representa- 
tion of all the details of its action, and 
this has been my constant aim in this 
treatise. 

The pervasiveness of the ether hy- 
pothesis in late 19th-century physics in 
England has often been noted. It re- 
flects the underlying mechanistic view 
of reality, a view that had to be pre- 
served at all costs. 
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Vectors 

It is somewhat difficult to under- 
stand today why 20 years elapsed be- 
tween the original formulation of elec- 
tromagnetic theory in the period 1861- 
65 and the early attempts to exploit 
the consequences of the theory. Text- 
book descriptions of science often 
leave the impression that scientists rush 
immediately to test a new theory, to 
see if it is to be accepted or rejected, 
whereas in practice there is often de- 
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lay. In the case in point, the develop- 
ment of electromagnetic theory was 
tied both to the invention of new 
mathematical techniques and to the 
rise of a new notational device, vec- 
tors. 

Both Heaviside and Gibbs indepen- 
dently removed the vector aspects from 
Hamilton's quaternions and developed 
a pure vector algebra and calculus for 
the specific purpose of using them in 

electromagnetic theory; their work dif- 
fered primarily in notation. Heaviside 
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Fig. 2. The first page of Maxwell's review of a FitzGerald paper. 

599 

/ / ^/! 
^~~C fc??^?^K-- ^^? -*1^<?.-^c 

l^J V, Ikl k/-Y 

599 

/ 
a ;d, 6c a 



said in his chapter on vectors in Elec- 
tromagnetic Theory (9, vol. 1): 

My own introduction to quaternionics 
took place in quite a different manner. 
Maxwell exhibited his main results in 
quaternionic form in his treatise. I went 
to Prof. Tait's treatise to get information, 
and to learn how to work them. I had 
the same difficulties as the deceased youth 
[mentioned in a humorous comment 
earlier], but by skipping them, was able to 
see that quaternionics could be employed 
consistently in vectorial work. But on 
proceeding to apply quaternionics to the 
development of electrical theory, I found 
it very inconvenient. Quaternionics was in 
its vectorial aspects antiphysical and un- 
natural, and did not harmonise with com- 
mon scalar mathematics. So I dropped 
out the quaternions altogether, and kept 
to pure scalars and vectors, using a very 
simple vectorial algebra in my papers 
from 1883 onward. 

The choice of a notation may seem 
to be a minor consideration, for it af- 
fects only the form and not the con- 
tent of the theory. But the history of 
science shows other examples where 
the notation is of considerable impor- 
tance-for example, the generalization 
of special relativity to general relativ- 
ity. Many of the basic quantities of 

electromagnetic theory are vectors, so 
it is laborious to work only with com- 
ponents. Maxwell, influenced by his 
friendship with P. G. Tait, used a 
quaternion notation in parts of the 
Treatise, although seldom in deriva- 
tions. But, as Gibbs and Heaviside re- 
alized, he needed only the special case 
of the vector, as quaternions which 
were not vectors are almost never 
seen in the Treatise. 

English physicists other than Heavi- 
side refused to use vectors, Kelvin 
having been violently opposed to them 
(10). Jeans, in the various editions of 
his Treatise, held rigidly to a com- 
ponent notation. The Germans did not 
use vectors at first, although there is 
a beginning in a Lorentz paper 
of 1892. But Foppl in his Treatise of 
1894 adopted the Heaviside notational 
system, and Lorentz's articles on elec- 
tromagnetic theory in Encyklopidie 
der Mathematischen Wissenschaften in 
1904 (11) were written entirely in a 
vector notation only slightly different 
from the notations of Gibbs and Heavi- 
side. Generally those interested in de- 
veloping electromagnetic theory were 

Fig. 3. Maxwell's model of the electromagnetic fields, in "On physical lines of force" 
(1861). Helmholtz describes it (1872) as "a system of cells with elastic walls and 

cylindrical cavities . . . in which elastic balls can rotate and be flattened out by the 
centrifugal force. In the walls of cells there must be other balls, of invariable volume, 
as friction rollers . . . their center of gravity . . . would merely be displaced by 
elastic yield of the cell-wall . . . displacement of [the friction rollers] gives dielectric 
polarization of the medium; streaming of the same, an electric current; rotation of 
the elastic balls corresponds to the magnetizing of the medium, the axis of rotation 
being the direction of the magnetic force." 
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also more interested in vectors; this 
seems to me to be a clear example 
of notational assistance in the develop- 
ment of physics. 

Oliver Heaviside 

Oliver Heaviside received an honor- 
ary degree from G6ttingen in 1905, 
and the citation read, "[he was] of 
the followers of Maxwell easily the 
first." I am inclined to agree with this 
evaluation. However, even historians of 
science have almost forgotten Heavi- 
side's role today. He is primarily re- 
membered for two minor physical in- 
novations-the use of rationalized 
units in electromagnetic theory and 
the concept of the Heaviside layer of 
charged particles above the earth-and 
for operational mathematical tech- 
niques. But even a perfunctory glance 
at the Electrical Papers (12, 13) and 
Electromagnetic Theory (9) (five vol- 
umes) reveals that Heaviside was re- 
sponsible for developing the conse- 
quences of Maxwellian theory in many 
different directions. Because Heavi- 
side's work is so little known today, I 
review some of it here. 

Heaviside's background was far from 
conventional. He had no university 
training and was self-taught. He gained 
his early position as a telegraphic en- 
gineer through the influence of his 
uncle, Sir Charles Wheatstone. Per- 
haps because of this, several of his 
early papers concerned Wheatstone 
bridges; Heaviside's notebooks show 
that he sent a copy of one of these 
to Maxwell, and Maxwell's papers have 
a note concerning it, shown in Fig. 4. 
His work on electromagnetic theory 
dates from the early 1880's and cul- 
minates in the major series of papers 
(1885-1887) on "Electromagnetic in- 
duction and its propagation" (14). This 
series begins with the first statement 
of "Maxwell's equations" in a form 
which would be recognizable by con- 
temporary readers. Heaviside appears 
to have been the first to have con- 
sidered the curl E equation a basic 
equation, although a verbal formula- 
tion of it in integral form is given 
in Maxwell's 1868 paper, and to have 
stressed the symmetry between electric 
and magnetic fields (his "duplex meth- 
od"). From energy considerations 
Heaviside was led to eliminate the po- 
tentials from the fundamental equa- 
tions. Hertz, using component nota- 
tion, later evolved independently the 
same equations, and for 20 years they 
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were commonly called "Maxwell's 
equations in the Hertz-Heaviside form." 
(Einstein in his 1905 paper on rela- 
tivity calls them the Maxwell-Hertz 
equations.) Heaviside was so impressed 
by the symmetry between electric and 
magnetic fields that he sometimes add- 
ed magnetic charges and currents, al- 
though he realized that no experimen- 
tal evidence supported this practice. 

Both Heaviside and Poynting inde- 
pendently extended the energy concept 
to include the "Poynting vector," so 
that one could talk not only of energy 
storage in the field (as Maxwell did) 
but of energy transfer. In modern 
texts and in Heaviside's 1892 Royal 
Society paper (15) the energy relation 
is similarly derived. 

When we look through Heaviside's 
papers we see clearly that his main 
contribution to electromagnetic theory 
was development of the theory, partic- 
ularly with regard to the fields pro- 
duced by various configurations of mov- 
ing charge. His powerful mathematical 
techniques for solving such problems 
were often little understood (Brom- 
wich seems to have been the first math- 
ematician to appreciate them, as shown 
by his correspondence with Heaviside) 
and were one source of Heaviside's 
publishing problems. In addition to 
mastering operational methods, Heavi- 
side mastered Bessel and related func- 
tions, and he pioneered the use of im- 
pulse functions. Others, notably Fitz- 
Gerald, Wiechert, and Lorentz, also 
worked at solving many of the de- 
tailed problems of radiation. We might 
regard this solving of particular prob- 
lems as the first stage in the theoretical 
development of Maxwell's theory. 

Electron Theory 

The next development of electro- 
magnetic theory (16, chap. 11), how- 
ever, went in a somewhat different di- 
rection, determined by a new experi- 
mental stimulus, the discovery of the 
electron. The area is often described 
today as the Lorentz electron theory, 
but J. J. Thomson, Heaviside, Morton, 
Searle, Abraham, and Poincare were 
also among the principal contributors. 
The idea is well known today. A mov- 
ing glob of charge, assumed to behave 
as a unit, produces an electromagnetic 
field, and this field in turn exerts a 
force on the glob. At one stage the 
prospects were very promising; it 
seemed that it would be possible to 
eliminate "mass" as a fundamental con- 
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cept by explaining its origin in the 
electromagnetic phenomenon of the 
self-force on the glob. This original 
promise was not fulfilled, and now 
Lorentz electron theory is mostly of 
historical interest, although it does re- 
appear occasionally even today. But 
classical electron theory is of great in- 
terest in that it contains several ideas 
which later appeared in relativity, al- 
though in a modified form. 

The electromagnetic field of the glob 
contains energy and also causes the 
particle to behave as if it has mass; 
thus we begin to have an association 
between mass and energy. Abraham in 
particular stressed considerations of en- 
ergy and momentum in his work. But 
the correspondence is more detailed 
than this-electromagnetic mass in- 
creases with velocity, and, in Lorentz's 
version of the theory, with the same 
(1 -v2/c2)2 dependence as relativistic 
mass was to show. I note the experi- 

mental aspects of this change in mass 
when I discuss Kaufmann's experi- 
ments. 

Another relativistic idea originating 
partly in classical electron theory is 
length-foreshortening under velocity; 
here the stimulus of the Michelson- 
Morley experiment and of the con- 
traction hypothesis is important. The 
common assumption for the glob of 
charge at rest was that it was spheri- 
cal-either a uniform distribution or a 
shell. But different assumptions were 
made for the glob in motion. Lorentz 
recognized certain advantages of the 
"Heaviside ellipsoid," which contracted 
in the Lorentz-FitzGerald manner, 
later called the relativistic manner. 
Jammer (16) noted a very interesting, 
more general aspect of the theory- 
an aspect which has modern overtones. 
The ether-theorists were eager to "ex- 
plain" electromagnetic theory by means 
of a mechanical ether, but electron 
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Fig. 4. Maxwell's note concerning Heaviside's paper on the Wheatstone bridge. 
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theory reversed the situation; a central 
concept of classical mechanics, mass, 
was to be "explained" in terms of the 
fields and charge. So the emphasis con- 
tinued to shift to the primacy of field 
over particle. 

In 1875 almost nothing had been 
accomplished toward developing elec- 
tromagnetic theory beyond Maxwell's 
original formulations. But once the de- 
velopers set to work, they moved rap- 
idly and accomplished most of the 
work by 1900. We can see the prog- 
ress in Lorentz's two articles for the 

Encyklopadie, written in 1904 (11), 
the first on electromagnetic theory and 
the second on electron theory. Modern 
readers will recognize many of the 
standard results. From the bibliog- 
raphy which accompanied these two 
articles (Fig. 5) we can see how few 
people contributed to the development. 

Although I have not exhausted the 
list of developers of electromagnetic 
field theory, we must move on. In con- 
sidering the experimental developments 
I only mention Hertz and others who 
produced the electromagnetic radia- 
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tion predicted by Maxwell's theory, as 
this important work is well known. 

As a guide to the experimental situa- 
tion we consider the experiments 
Lorentz reviewed in his 1904 attempt 
at a general theory, "Electromagnetic 
phenomena in a system moving with 
any velocity less than that of light" 
(17). First came the best-known exper- 
iment, the Michelson-Morley attempt 
to measure the velocity of the earth 
through the ether. This experiment oc- 
curred earlier than is generally real- 
ized; the original Michelson attempt, 
suggested by a letter of Maxwell's in 
Nature, was in 1881 (18), and the re- 
fined experiment, in which Michelson 
used a large stone floating on mercury, 
was in 1887 (19). Thus, at the time 
of Lorentz's review, the problem had 
puzzled physicists for almost 25 years. 
Almost none of the prominent scien- 
tists before Einstein, however, was will- 
ing to abandon the ether concept; even 
those, like Heaviside, whose work had 
little to do with ether theory firmly be- 
lieved in the existence of ether. 

The contraction explanation was the 
only serious attempt made to under- 
stand the results of the Michelson- 
Morley experiment. It assumed a phys- 
ical contraction of Michelson's stone 
in the direction of the motion. Lorentz 
first proposed it in 1892 and developed 
the idea in subsequent papers; he had 
previously pointed out errors in Michel- 
son's original analysis. FitzGerald's 
connection is more dubious. In his pub- 
lished writings he only mentioned the 
contraction in his two reviews of Lar- 
mor's Aether and Matter, where he did 
not claim the idea as his own. He de- 
veloped some idea concerning it about 
1892, mentioning it in a conversation 
with Oliver Lodge; Lodge referred to 
this very briefly in several papers, but 
not in enough detail to justify the con- 
clusion that FitzGerald's view was 
equivalent to Lorentz's. Subsequently 
FitzGerald also told Lorentz of his in- 
terest in the problem, and Lorentz re- 
ferred to him in an 1895 paper. 
Larmor did not mention FitzGerald's 
contribution when he wrote Aether and 
Matter in 1900, where he quotes only 
Lorentz, but he mentioned it a year 
later in FitzGerald's obituary, claiming 
priority for FitzGerald (20). 

Most of the other experiments men- 
tioned by Lorentz in his 1904 paper 
also concerned the motion of the earth 
through the ether. He considered 
briefly the attempt by Rayleigh and 
Bruce (1902-1904) to see whether mo- 
tion relative to the ether would cause 
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a body to be doubly refracting. He 
gave more attention to the experiment 
of Trouton and Noble. These workers 
argued that there should be a torque 
on a condenser, tending to align the 
condenser with plates parallel to the 
earth's motion, but they could not de- 
tect such a torque, even with a very 
delicate torsion balance. Lorentz did 
not mention the aberration experiments 
of Lodge in this paper. 

The experimental evidence of most 
concern to Lorentz in his 1904 paper 
was entirely different. He devoted the 
last few pages to comparing his theo- 
retical results from electron theory 
with results obtained experimentally 
by W. Kaufmann (21) in the first few 
years of the century. These experi- 
ments were considered very important 
at the time but are little known to- 
day, except in general terms. They con- 
cerned electron theory as discussed 
above. Kaufmann, using radium chlo- 
ride obtained from the Curies, studied 
the deflection by electric and magnetic 
fields of electrons traveling at veloci- 
ties close to the velocity of light, ob- 
taining the masses of the electrons. In 
his earliest work he had compared his 
results with Searle's calculations and 
concluded that, as only a small pro- 
portion of the mass was velocity-de- 
pendent, most of the mass was not 
electromagnetic in origin. Abraham 
and Heaviside pointed out theoretical 
difficulties in the interpretation, and 
Kaufmann also refined his experimen- 
-tal technique. On the basis of his im- 
proved experiments, his conclusions 
were entirely altered: "The mass of the 
Becquerel-ray produced electrons de- 
pends on the speed; the dependence 
is exactly accounted for by the Abra- 
ham formula." So all mass could ap- 
parently be regarded as electromagnetic, 
and one could consider mass not to 
be a fundamental quantity. In a letter 
in Nature Heaviside agreed with this. 
Lorentz showed in his 1904 paper that 
his own relation for dependence of 
mass on velocity-what we now call 
the relativistic relation-was consistent 
with Kaufmann's experimental results. 
Thus these experiments briefly sup- 
ported Lorentz's electron theory. 

I conclude with another series of ex- 
periments which greatly influenced the 
development of physics. Electromag- 
netic theory was the background for 
the theories developed to explain cer- 
tain newly discovered phenomena-the 

various kinds of "rays," such as Bec- 
querel rays, x-rays, and cathode rays. 
Most of this discovery occurred within 
a few years, around 1895. Suddenly 
and dramatically the world was becom- 
ing incredibly more complex. We can 
imagine some of the excitement 
aroused at the time by looking at some 
of FitzGerald's letters (22) to Heavi- 
side. Here are some of his comments: 

[8 June 1896] . . - Those Rontgen radia- 
tions are very puzzling. I have since early 
in January, stuck out for their being ultra 
ultra violet vibrations and at the time 
tried to get Lodge to make experiments 
on the probably existing intermediate vi- 
brations as I had not the apparatus here 
that was required to produce them .... 

[10 July 1896] . . . I have not seen that 
account of the Swedish experiments on 
Cathode Rays. I have a good deal of 
skepticism about many of these experi- 
ments and about the uniformity of the 
fields and directions of the fields de- 
scribed . . . it is very remarkable how 
Hertz and Lenard seem to have been so 
impressed with the belief that xrays were 
Cathode rays that they missed discover- 
ing them .... 

[28 September 1896] . . . The B. A. 
meeting was a very nice one. I was stop- 
ping with Lodge along with Carey Foster 
and Glazebrook and J. J. Thomson and 
Rucker: so that we had quite a committee 
of section A. I stupidly forgot Lenard too. 
In consequence of him we carefully called 
them X rays and avoided Rontgen's name. 
We had great discussion as to what Cathode 
rays were, Lenard and Bjerknes sticking 
to the idea that they are another propaga- 
tion of some kind independent of matter, 
while all the Englishmen stuck to the 
projectile hypothesis. The stumper in the 
former theory is their being deflected by 
a magnet and in the latter their being 
transmitted through thin metals. Accord- 
ing to the observations they are trans- 
mitted unchanged as far as deflectibility 
is concerned. This is what would be ex- 
pected in a wave motion but it requires 
the blow to be transmitted without loss in 
order that the deflection may be inde- 
pendent of the kind of gas outside the 
aluminum window. I invented a mechani- 
cal model for this and Lenard acknowl- 
edged that there was no mechanical im- 
possibility about this though on the other 
side, none of the Germans have suggested 
any ether theory of the magnetic de- 
flection. 

This discussion of new phenomena 
was the principal topic of FitzGerald's 
letters during this period, and we see 
the importance of electromagnetic 
theory in the discussion. The new rays 
produced a striking and almost unex- 
pected series of discoveries. 

We cannot but be impressed with 

the great activity and restlessness which 
characterize the period before 1905. On 
all sides the physicist found his New- 
tonian universe floundering, not only 
in its details but even in its underlying 
mechanistic assumptions. The stage 
was set for the revolution to come. 
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