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The British Electrical Debate, 1888-1891
By Bruce J. Hunt*
/[AXWELL'S THEORY OF THE ELECTROMAGNETICFIELD reached
maturityin the last third of the nineteenthcentury; in these same years,
the new electrical industries were advancingrapidlyand beginningto transform
Western life. It took some time for the new theory to penetrate electrical practice; it was not common for engineers to use Maxwellian theory in their work
until the 1890s or even later. This study will explore how Maxwell's followers
in Britain used Hertz's discovery of electromagneticwaves in 1888 to promote
their theory and push it into practical applications. This effort was resisted by
older electrical engineers, "practicalmen," as they called themselves, who saw
in it an attempt to rob them of their accustomed control over their own work
and to subordinatethem to the authorityof the theorists. There ensued a lively
and sometimes bitter controversy, a contest, as it was called, of "Practice vs.
Theory." The scientists eventually won their point, and the old "half-educated
electricians" were left behind, replaced by college-trainedelectrical engineers.'
The backgroundto this transition, and the means scientists used to promote it,
are the subjects of this study.
M

MAXWELLIANS, ELECTROMAGNETIC WAVES, AND HERTZ'S DISCOVERY

During the late 1870s and the 1880s Maxwelliantheory was developing rapidly,
to the point where it could predict new phenomenaand have something to say
about practicalproblems. Maxwell had publishedhis Treatiseon Electricityand
Magnetismin 1873;he died just six years later. He left his theory with a number
of gaps and obscurities, and the work of clarifyingand extending it, notably in
the treatment of electromagnetic waves, fell to a younger group of British
physicists.
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Although he was a professor at Cambridge,Maxwell made little effort to establish a "school" to promote his theory. J. H. Poynting (1852-1914) was the
only one of his students to become a leading Maxwellian-and he had studied
gravitation under Maxwell, not electricity. Many of the most importantMaxwellians had little to do with Cambridge;they learned Maxwell's theory from
his book. But they shared more than an interest in electricity and a characteristic
set of Maxwellian ideas; they also formed a network sustained by correspondence and personal friendship.They came to see themselves and were regarded
by others as constituting a community of interest. Most of them were physics
professors: Poynting at Birmingham,Silvanus Thompson (1851-1916) at London, George Francis FitzGerald (1851-1901) at Dublin, and Oliver Lodge (18511940) at Liverpool; H. A. Rowland (1848-1901) of Baltimore was an American

member of the group.
FitzGeraldand Lodge were particularlyprominentin the debate over practice
versus theory. FitzGerald,the son of a Protestantbishop, spent almost his entire
life at Trinity College, Dublin-as student, fellow, and (after 1881)professor of
natural philosophy. Although he was a powerful mathematician,probably his
most importantcontributions to science were the incisive comments and suggestions he threw off in discussions. FitzGerald carried on a particularlyvigorous correspondence on electromagnetismwith Lodge. Lodge, the son of a
prosperous Staffordshireclay merchant, had managedto extricate himself from
a business career to pursue science; he was made professor of physics at Liverpool in 1881. Besides being an active experimenter,he was a scientific publicist and especially active as a propagandistfor Maxwelliantheory.2
The third leading Maxwellianin the debate following Hertz's discovery-and
an exceptional one in almost every respect-was Oliver Heaviside (1850-1925).
Heaviside, an unemployed, largely self-educatedformertelegrapher,had set out
in the 1870sto master electromagnetictheory. Reclusive and eccentric, he made
a meager living (about ?40 a year) by selling articles to The Electrician, a London trade and technicaljournal. It was not until the period of the debate, when
Hertz's discovery vindicatedhis mathematics,that Heaviside entered into active
correspondence with the other Maxwellians.3
Work on electromagnetictheory in Britainhad entered a relatively quiescent
phase somewhat before Hertz's announcement of his discovery in 1888.
FitzGerald and Lodge had discussed electromagneticwaves as early as 1879.
After some initial confusion, in 1882-1883 FitzGeraldworked out how to gen2 See A. M. Bork, "George Francis FitzGerald," and Charles Susskind, "Oliver J. Lodge," in
the Dictionary of Scientific Biography (DSB) (New York: Scribners, 1970-1980). See also 0. J. Lodge,
Past Years (London: Hodder & Stoughton, 1931); W. P. Jolly, Sir Oliver Lodge (London: Constable,
1974); and FitzGerald, The Scientific Writings of the Late George Francis FitzGerald, ed. Joseph
Larmor (Dublin: Hodges, Figgis & Co., 1902); the obituaries in the last remain the best biographical
source on FitzGerald. There is not yet an adequate study of the Maxwellians as a group, but see
Jed Z. Buchwald, "The Hall Effect and Maxwellian Electrodynamics in the 1880s," Centaurus,
1979, 23:51-99, on p. 66, for a useful if not altogether error-free list.
3 See Charles Susskind, "Oliver Heaviside," DSB; see also the articles by Sir George Lee and
G. F. C. Searle in the Heaviside Centenary Volume (London: Institution of Electrical Engineers,
1950). On Heaviside's income, see Heaviside to Lodge, 20 April 1892, Lodge Collection, University
College, London, MS Add. 89/50; and John Perry to FitzGerald, 3 Feb. 1894, FitzGerald Collection,
Royal Dublin Society, Dublin. D. W. Jordan, "The Adoption of Self-Induction by Telephony, 18861889," Annals of Science, 1982, 39:433-461, includes much on Heaviside's role, but it appeared too
late to be incorporated in this study.
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erate waves by discharginga condenser and calculated how much energy would
be radiated.4He and Lodge were stymied, however, by their inabilityto devise
an adequate detector- "something to feel these rapidly alternating currents
with."5 Duringroughly the same period Heaviside, using vector and operational
methods of his own devising, had cast Maxwell's theory into the four "Maxwell's equations" still in use today and applied them to problems in telegraphy
and telephony. The most importantof Heaviside's work came in a long series
of articles, "ElectromagneticInduction and its Propagation,"begun in 1885 in
TheElectrician.6The series, largely a mathematicaltreatmentof electromagnetic
wave propagation,particularlyalong wires, was abruptlyterminatedin 1887when
Heaviside's application of this theory to telephony, especially his conclusions
about the effects of self-induction, led him into a dispute with William Henry
Preece, the head of the government telegraph service. Preece, a leading opponent of Maxwelliantheory, took steps to block publicationof Heaviside's work.
Early in 1888 Lodge was led back to work on electromagneticwaves by a
request that he lecture on lightningconductors. Some preparatoryexperiments
using Leyden jar dischargesto imitatelightningconvinced him of the importance
for lightning conductors of self-induction-the process by which the changing
magnetic field produced by a varying current sets up an electromotive force
opposing the variation. He also found that if he dischargedthe jars throughlong
wires, he could set up standingelectromagneticwaves along the wires and display resonance effects. Lodge, who was a bit of a showman,was sure this would
be the hit of the meeting of the British Association of the Advancementof Science scheduled for September 1888 at Bath.7
Electromagneticwaves were indeed the hit of the meeting, but not Lodge's.
Reports came in that Heinrich Hertz (1857-1894) of Karlsruhehad solved the
detector problem and, with his simple "resonator," had displayed the waves in
free space-a far more strikingexperiment than Lodge's, and one that brought
into much sharper relief the role of the field in conveying electromagneticeffects.8Hertz later showed how to reflect, refract,diffract,and polarizethe waves,
illustratingtheir essential identity with light, in accordance with Maxwell's theory. Hertz had come to the theory throughHermannvon Helmholtz, who had
attempted to embrace within a generalized scheme both Maxwell's theory and
the action-at-a-distanceelectrodynamics of Weber and Neumann then dominant in Germany. It was only in the course of his experiments, in an effort to
I Lodge, Past
Years, p. 125 (see also Lodge to FitzGerald, 26 Feb. 1880, FitzGerald Collection);
G. F. FitzGerald, "On the Possibility of Originating Wave Disturbances in the Ether by Means of
Electric Forces," Scientific Transactions of the Royal Dublin Society, 1879, 1:133-134; "Part 2,"
ibid., 1880, 1:173-176; "Corrections and Additions," ibid., 1882, 1:325-326 (FitzGerald, Scientific
Writings, pp. 90-101); cf. FitzGerald, "On the Energy Lost by Radiation from Alternating Electric
Currents," and "On a Method of Producing Electromagnetic Disturbances of Comparatively Short
Wave-Lengths," Report of the British Association for the Advancement of Science, 1883, pp. 404405 (FitzGerald, Scientific Writings, pp. 128-129).
sFitzGerald to J. J. Thomson, 23 Dec. 1884, quoted in Robert John Strutt (Fourth Lord Rayleigh),
The Life of Sir J. J. Thomson (Cambridge: Cambridge Univ. Press, 1943), p. 22.
6 Reprinted in Oliver Heaviside, Electrical Papers, 2 vols. (London: Macmillan, 1892; rpt. New
York: Chelsea Publishing, 1970).
7 Lodge, "The Protection of Buildings from Lightning," Electrician, 1888, 21:204, 234, 273, 302;
Lodge, Past Years, pp. 76-77, 179, 227.
8 The papers are collected in Heinrich Hertz, Electric Waves, trans. D. E. Jones (New York:
Macmillan, 1893).

344

BRUCE J. HUNT

understandthem, that Hertz really moved toward Maxwell. As Heaviside observed to Lodge early in 1889, Hertz "was not a Maxwellianin the first place,
but now goes in for M."9
The British Maxwellians gave Hertz's experiments an enthusiastic welcome.
Before 1888 their work had been considered quite esoteric and hypothetical;
they were sometimes dismissed, accordingto Heaviside, as "workingout a mere
paper theory." Hertz's work gave the Maxwelliansan answer to this reproach
by putting the theory on a solid experimentalfoundation. As Heaviside put it,
"the very slow influence of theoretical reasoning on conservative minds was
enforced by the common-sense appealto facts," and the Maxwellianscould now
attractattentionand compel assent to the theory from those who were unswayed
by its mathematicalbeauties.10Hertz had given the Maxwelliansa powerfultool
with which to promote their theory, and they used it.
In 1888FitzGeraldwas especially well preparednot only to appreciateHertz's
experiments but, as president of the mathematicaland physical section of the
British Association, to point out their importance.In Lodge's words, FitzGerald
"pounced on Hertz's work" when it came out, and in his address to the section
at Bath on 6 Septemberhe laid the work before the assembled physicists as the
experimentum crucis proving Maxwell's contention that electromagneticactions
are due to an interveningmedium. FitzGeraldemphasizedthat this was not just
of interest to specialists, but had implicationsfor all of science; he also mentioned its relevance to telegraphy and alternating-currentmachines.11
In the wake of FitzGerald's address, Hertz's work was widely acclaimed in
the scientific press as having "marked an epoch" in the history of electrodynamics.12The British Maxwellianswere fully conscious of the value of the work,
because it fit so beautifullywith their own ideas. Hertz's papers were translated
and his work expounded in public lectures; British physicists repeated and extended his experiments. It all succeeded in "stirringup an amount of interest"
in Maxwell's theory "that was quite wonderfulto witness," Heaviside wrote in
1892, particularlyfor one like himself who had been pursuingthe theory of electromagneticwaves for years without stirringup much interest at all. Hertz had,
Lodge said, "cut rightinto the ripe corn of scientific opinion in these islands."13
THE PRACTICAL MEN AND THE THEORETICAL ISSUE

Another group in Britainwas "ripe" for the lessons of Hertz, though not in the
same sense as the Maxwellians. The industrialapplicationof electricity was advancing rapidly in these years, and by the late 1880s electrical engineers were
encountering phenomena, particularlyin alternating-currentcircuits and longdistance telephone lines, where their old "rule of thumb" proceduresceased to
9 See Russell McCormmach, "Heinrich Hertz," DSB; Heaviside to Lodge, 11 March 1889, in the
Lodge Collection, UCL MS Add. 89/50.
10Oliver Heaviside, Electromagnetic Theory, Vol. I (London: The Electrician Co., 1893), pp. 6,
308.
11Oliver J. Lodge, Advancing Science (London: Doran, 1931), p. 98; "Discussion," Electrician,
1888, 21:568-570; FitzGerald, Scientific Writings, pp. 229-240.
12 "Notes," Electrician, 1888, 21:548, 632, 663; "Electrical
Notes," Nature, 1888, 38:577.
13 Heaviside, Electrical Papers, Vol. I, pp. v, vi; Oliver J. Lodge, Modern Views of Electricity
(London: Macmillan, 1889), p. 368. For the general issues see Hugh G. J. Aitken, Syntony and
Spark-The Origins of Radio (New York: Wiley, 1976), pp. 85-88, 169.
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work. These were field effects, precisely the sort of Maxwellianphenomenathat
Hertz had studied in free space, Lodge along wires, and Heaviside, so to speak,
on paper. The increased incidence of these effects intensifiedan existing conflict
between physicists and electrical engineers over who held the requisite knowledge to account for and control the phenomena. The publicity given Hertz's
discovery brought things to a head, and during the next few years the conflict
flared into the open over a group of closely related technical issues.
The basic scientific point in dispute was the role of the field in conveying
electrical energy, in particular,the importanceof self-induction.The "practical
men," led by Preece, wanted to keep to the simple formulas and procedures
that had worked for them in the past, and they denied that self-induction-"retardation," as they called it-played a significantrole. It was "a bug-a-boo,"
Preece said, and it was only because of the theorists' "maniafor self-induction"
that they kept injectingit into every electrical discussion. The theoreticalcamp,
in contrast, held that "the despised self-inductionis in fact the great moving
agent" by which all electrical energy is conveyed, and that even engineers could
no longer afford to ignore it.'4
Even without Hertz's discovery, the British Association meeting was scheduled to be the scene of a battle in this war of "Practice vs. Theory." Lodge
had sparkedthe controversy in his lectures before the Society of Arts in spring
1888 by declaringthat when a lightningconductor was struck, its self-induction
was far more importantthan its resistance, and that consequently the orthodox
methods of lightningprotection were seriously flawed. The claim directly contradictedthe recommendationsmade in 1882by a LightningRod Conference of
which Preece had been a member; that report had ignored self-inductionand
prescribeda fat copper conductor of very low resistance as the ideal protection
from lightning.'5Preece and his colleagues in the practicalcamp thoughtLodge's
conclusions absurd and resolved to put this theoretician in his place. Toward
that end, a public discussion was set for the British Association meeting.
In his experimentsLodge had simulatedlightningby dischargingLeyden jars.
Preece and others questioned whether this was a valid analogy, and it was indeed the weakest part of Lodge's argument.'6The more substantialissue, however, was the alleged effect of self-inductionin radicallyincreasing the impedance of a conductor to a rapidly alternatingcurrent such as resulted from a
Leyden jar discharge or, according to Lodge, a lightning bolt. According to
Maxwellian theory, as elaborated by Heaviside, Poynting, and Lord Rayleigh
(J. W. Strutt), this was essentially a field effect, and it involved nothing less
than the nature of an electric current.
To most "practical men" like Preece, a currentin a wire was much like the
flow of water in a pipe.17There might be some modifications-picturing the pipe
as elastic, to simulate capacitance, for instance, or filled with baffles to simulate
resistance-but it was basically a simple and intuitive picture, and a remarkably
useful one. The essential insight of Maxwell's theory, however, was to focus on
14
Preece in Electrician, 1888, 21:646, 662; Heaviside in ibid., p. 772 (rpt. in Heaviside, Electrical
Papers, Vol. II, p. 448).
15 G. J. Symons (ed.), Lightning Rod
Conference Report (London: Spon, 1882).
16
Electrician, 1888, 21:676, 679-680; cf. Lodge, Advancing Science, pp. 96-97.
17
See, e.g., S. A. Varley, Electrical Review, 1888, 23:224.
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the field, not the wire; as FitzGeraldput it, "Accordingto Maxwell's view, there
is a great deal more going on outside the conductor than inside it." The most
strikingimplicationof this view was one Poynting(and independentlyHeaviside)
had derived from Maxwell's theory in 1884-the so-called "Poyntingflux," according to which electrical energy is conveyed not by the currentflowing in the
wire, but by the ether in the space surroundingit. In 1885 FitzGeraldsought to
illustrate this with a model he devised (and actually built) consisting of a plane
arrayof wheels set on vertical axles and connected to their neighborsby rubber
bands.18The spinningof the wheels correspondedto a magneticfield and strain
in the bands to an electric field. An electric current was characterizedentirely
in terms of the magneticfield aroundit; a conductorwas simply a region where
the bands could slip and dissipate energy into heat. This illustratedthe Poynting
flux very well: energy flowed into a wire sideways from the "whirlingmachinery" in the ether. The model also illustratedself-inductionon Maxwellianprinciples: when a current was started or reversed, it had to react against the
momentumof this whirling machinery, or, in electrical terms, against the selfinduction. The self-inductionthus acted like a flywheel to oppose any change
in the current.
In a Leyden jar or lightningdischarge througha small resistance, the current
oscillated, accordingto Lodge's calculations,with a frequencyof about a million
cycles per second. At such frequencies the self-inductionwould, in the Maxwellian view, not only become an importantfactor in opposing the rush of the
current, but would completely overshadow the ordinaryresistance of the wire.
The contrast with Preece's view becomes clear: to him, a lightningconductor
should simply be able to convey a large amount of electricity quickly, rather
like a fat drainpipe.But accordingto Lodge, the real aim should be to minimize
the self-induction. Providing a conductor of very low resistance was at best a
waste of copper, Lodge said, since the self-inductionwould dominate the situation anyway.'9
In replying to Lodge, Preece had more at stake than discreditingthe notion
of self-induction.Nor was he defending merely the honor of the LightningRod
Conference and the practices of the Post Office, though these were important
considerations. His main aim was ratherto assert the primacy of practice over
theory.
Preece was a fitting spokesman for the "practicalmen," for he was in many
ways typical of the group, though more articulateand certainly more of a public
figure than most engineers. Born in 1834, he was about fifteen years older than
most of the Maxwellians. Like many other practical electricians, Preece began
his career with the old Electric TelegraphCompany, where, in the absence of
any systematic training programs, he had to learn by doing. He was an able
manager, and after the British telegraphs were taken over by the government,
he became Chief Electrician at the Post Office, in charge of the country's tel18 J. H. Poynting, "On the Transfer of Energy in the Electromagnetic Field," Philosophical Transactions, 1884, 175:343-361; cf. Heaviside, Electrical Papers, Vol. I, pp. 436, 438-439. See also G. F.
FitzGerald, "Sir W. Thomson and Maxwell's Electromagnetic Theory of Light," Nature, 1885, 32:45 (FitzGerald, Scientific Writings, pp. 170-173, 142-156); and FitzGerald, "On a Model Illustrating
Some Properties of the Ether," Scientific Proceedings of the Royal Dublin Society, 1885, 4:407419.
19Electrician, 1888, 21:234-236; see Lodge, "Mr. Preece on Lightning Protection," Nature, 1893,
47:536, for the clearest statement of the conflict.
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egraphs (and later its telephones) and a leading authority on electrical engineering. Preece had a long list of honors: he was president of the Society of
TelegraphEngineers in 1880 and again in 1893 (after it was renamed the Institution of Electrical Engineers), of the Institutionof Civil Engineersin 1898, and
of the BritishAssociation's engineeringsection in 1888. In 1899he was knighted.
He also had the scientific prestige of having been elected a fellow of the Royal
Society in 1881, and he served on its council in 1887-1889. But Preece never
pursued the theoretical side of electricity; like many Britishers of the day, he
was strongly suspicious of all theories and abstractions. "Stern experience," he
declared, was "the best of all teachers-superior to all the theory in the universe."20He and most other "practicalmen" regardedMaxwellianslike Lodge,
and especially Heaviside, as upstarts who had too little respect for the "stern
experience" of their elders and placed too much reliance on a mere theory.
Preece's attitude was amply demonstratedin his suppression of Heaviside's
work, already alluded to above. As early as 1873, when Heaviside published a
paper on duplex telegraphy, Preece had found it "most pretentious and impudent," and he and his colleagues vowed "to pot Oliver, somehow."21 Heaviside's work in the 1880s on cable transmissionagain drew Preece's ire. Preece
had long held that self-induction ("retardation")was the enemy of the telegrapher and the telephonist, and he asserted that long-distance telephony was
only possible over lines of very low self-induction. He had experiments done,
and from the quality of speakingon copper lines he arguedthat these must have
a very low inductance-less than 1%, in fact, of the value arrivedat by anyone
else's methods of calculation. It was, Heaviside later wrote Lodge, "really
dreadful stuff, rank quackery."22In fact, as Heaviside pointed out, it was the
relatively high inductance of the copper lines, along with their low resistance,
that made them good for telephony. He had found mathematicallyfrom Maxwell's theory that distortion could be lessened, even eliminated, by properly
loading cables with extra self-induction.In an article sent to The Electrician in
1887, he described Preece's paper in characteristicallyblunt terms as "radically
wrong .

.

. in methods, reasoning, results, and conclusions."23

But that article was not published. Preece had taken measures to keep Heaviside's work on self-inductionfrom seeing print. Heaviside had collaboratedwith
his brother Arthur, a Post Office telegraphengineer, on an article on telephony
for the Journal of the Society of Telegraph Engineers and Electricians. Before

being published, it had to be cleared by the Post Office censors. Preece used
his position to block it, and sent Arthur a letter Oliver described as "savage
and even insulting."24Preece was especially upset with Oliver's section of the
paper, which contradictedPreece's own views on self-induction.As Heaviside
said later, "the official censor orderedit all to be left out, because he considered
that the Society was saturated with self-induction, and should be given credit
20 E. C. Baker, Sir William Preece, F.R.S., Victorian Engineer
Extraordinary (London: Hutchinson, 1978), p. 107. Baker's assessment of Preece is often at variance with my own.
21Ibid., pp. 109-1 10.
22 William Preece, "On the Coefficient of Self-Induction in Telegraph Wires," Electrician, 1887,
19:400-401; Heaviside to Lodge, 21 Sept. 1888, Lodge Collection, UCL MS Add. 89/50.
23
Heaviside, Electrical Papers, Vol. II, p. 160.
24 Heaviside to the
editor of Philosophical Magazine, 18 July 1887 (draft), Heaviside Papers, Institution of Electrical Engineers, London.
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for knowing all about it." When Heaviside submittedversions of the work elsewhere, "a certainpeculiarconcurrenceand concatenationof circumstances"led
to its being turned down by four other journals, "the resultanteffect of which
was to screen Mr. Preece from criticism."25C. H. W. Biggs, who had consistently supportedHeaviside, was removed as editor of TheElectricianin October
1887, and publicationof Heaviside's series "ElectromagneticInduction and its
Propagation," which had been running since 1885, was abruptly stopped. The
new editor, W. H. Snell, simply told Heaviside that his papers did not attract
enough readers; in fact, he said, "I have not been able to discover any." As
Heaviside said later, "exactly when I came to makingpractical applicationsin
detail of my theory," as he was doing in the 1887 articles, he was brought "to
a dead stop."26 Preece and his "practical men" would not stand for a "mere
mathematician"like Heaviside intrudingself-inductionand Maxwellian theory
into the preserves of engineeringpractice.
This attitude underlay Preece's remarksin the debate at Bath. Preece made
the point that as Chief Electricianof the Post Office he supervised500,000 lightning conductors, and thus could draw on voluminouspracticalexperience, while
Lodge had nothing but a theory and a few experiments. Yet Lodge presumed
to tell practical men how to order their affairs. Preece's repeated criticisms of
those who were "slaves of mathematics"and who announcedconclusions based
on "mere mathematicaldevelopment" instead of practicalexperience, led Rayleigh to comment that listening to Preece "one felt that 'mathematician'was
becoming almost a term of abuse." Preece's main target, however, was not the
mathematicalphysicist content to work out his results in an ivory tower, but
the young fellows coming out of the Technical Institutes with "a smatteringof
mathematics"who "thrust upon the electrical world conditions and conclusions
with a coolness and effronterythat was simply appalling."It was this tendency,
which he said was "growing to a very serious extent," that Preece sought to
combat:he wanted to keep highermathematicsand those trainedin highermathematics from dominating electrical engineering, and to retain control in the
hands of practical men like himself.27To do this, he had to show that mathematicallycomplicatedfactors such as self-induction,high-frequencyoscillations,
and various field effects-in short, Maxwell's theory-were irrelevantto electrical practice.
How far Preece went in rejecting theory is shown in a remarkableletter he
wrote to Lodge in October 1888. After accusing Lodge of being the "principal
culprit" in stirringup the controversy, he said, "You ratheraccept the dictum
that the practical man is behind the theoretical one. Now I have been as you
know very actively engaged on the practicalside for 35 years, and I cannot recall
to mind one single instance where I have derived any benefitfrom pure theory"
25
Heaviside, Electrical Papers, Vol. II, pp. 324n, 489; Vol. I, p. x. See also Heaviside to Electrical Review, 3 June 1887; Elec. Rev. to Heaviside, 3 June 1887, 8 June 1887; Heaviside Papers.
26
W. H. Snell to Heaviside, 30 Nov. 1887, Heaviside Papers; Heaviside, Electrical Papers, Vol.
I, p. ix, Vol. II, p. 155. Biggs later edited The Electrical Engineer, where in an editorial, "The
Presidential Address," 1889, 3:52-53, he gave an account of his earlier support for Heaviside and
the opposition he had faced from the proprietors of The Electrician.
27 "Discussion," Electrician, 1888, 21:644-645, 674, 679; cf. Elec. Rev., 1888, 23:394, where a
"practical man" complains that "when some young shaver shoots off his school learning" in mathematics, it might as well be in Italian for all the good it did most electricians.
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-a statement that may well have been true. But Preece also denied that
theory had led Sir William Thomson (Lord Kelvin) to improvements in submarine cables, or John Hopkinson to better dynamo designs; the work had all
been done by practicalmen, "without any help from your so called 'Theorist.' "
As a parting shot, Preece declared that "the new views of electricity that you
are now propounding,and that are being so admirablydeveloped by Hertz, are
simply those which I have been preachingand teachingfor the last 20 years and
it seems to me that the teaching of Hertz is absolutely the reverse of your own
views as propoundedby yourself in your early papers in 'Nature.' "28 Lodge,
who already believed Preece to be "somethingof an ignoramus,"sent the letter
to others to convince them of Preece's ignorance. Thomson called the letter
"really quite too monstrous," and said, "as to submarinecables he is of course
very much adrift." Lodge's old professor, George Carey Foster of University
College, London, whom Preece had claimed as an ally, found the letter "a very
funny revelation" of Preece, whom he considered "a thorough-pacedhumbug"
in his scientific views. Foster advised Lodge to tell Preece "(in parliamentary
language) that what he says about Hertz and himself is absolute rot and astounding self-conceit, and generally that his estimate of the value of science to
practice is absurd."29
THE PRACTICAL PROBLEM

Preece was not likely to be converted by anything Lodge might tell him; as he
observed in anotherletter, after a renewed debate on lightningconductors,"You
and your friends believe one thing-W. H. P. and the old boys believe another,
and no one seems inclined to be convinced even against his will.' 30 But Preece
and "the old boys" faced more than professors' arguments;advances in electrical practice itself meant that complicated field effects of the sort dealt with
in Maxwell's theory were cropping up more and more. With the invention of
the telephone, relatively high frequency signals (electromagneticwaves, in fact)
were being sent along wires. Preece found it increasinglydifficult to ignore the
effects of self-induction-though he tried-in the long-distancelines coming into
use in the late 1880s.31Again, increased use of alternatingcurrents for power
transmission meant that field effects that could be ignored for direct currents
now had to be attended to.
Although Maxwellian ideas seemed terribly counterintuitive,even nonsensical, to many of the old "water-in-a-pipe"practical men, they did explain field
28 Preece to Lodge, 26 Oct. 1888, in Lodge Collection, UCL MS Add. 89/86. Preece was apparently under the impression that Hertz's work was related to his own interest in methods of space
telegraphy by induced currents (see Baker, Preece, pp. 254-257); they are in fact very different.
There was further confusion on this point in 1896-1897, when Preece promoted the work of Marconi
for some time before appreciating that it was an application of Hertz's waves (see Jolly, Lodge, pp.
124-128).
29 Lodge to Heaviside, 23 Sept. 1888 (draft); W. Thomson to Lodge, 26 Jan. 1889; G. C. Foster
to Lodge, 29 Oct. 1888; Lodge Collection, UCL MSS Add. 89/50, 89/107, 89/38.
30 Preece to Lodge, 17 May 1889, Lodge Collection, UCL MS Add. 89/86.
31 On the problems with Preece's "KR Law" for telephony, which ignored self-induction, see "A
Law which is No Law" (editorial), Electrical World (New York), 1893, 21:117; cf. D. G. Tucker,
"The First Cross Channel Telephone Cable: The London-Paris Telephone Links of 1891," Transactions of the Newcomen Society, 1975, 47:117-132.
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effects. S. A. Varley, for instance, called the Poyntingflux, the Maxwellianidea
of the ether as the conveyor of electromagneticenergy, "a curiously complex
hypothesis," the product of over-active imaginations;he concluded that if this
was the sort of thing Maxwellians were trying to palm off on the public, then
''we of the older schools .

.

. will not just yet have to retire to a back seat."

But Poynting's idea did, in fact, clarify a number of phenomenaof alternating
currents; as Lodge told Varley, this was "no question of flights of fancy or
luxurianceof imagination"but of "downrightfact.' 32 For instance, in a rapidly
alternatingcurrent only the outer part of the wire actually carries the current:
the current is being driven by the "whirlingmachinery" outside the wire, and
this can convey its effect only a little way into the wire before it reverses. Thus
the current sloshes back and forth along the surface while the interior of the
wire remains quiescent. This is called the "skin effect," and it clearly had to
be taken into account in alternating-current
power engineering.Lodge had found
evidence of the skin effect in his Leyden jar experiments, and at Bath Sir William Thomson added his voice to those endorsingthe effect; citing Heaviside's
work, he announcedthat for a frequency of 150 cycles per second, such as was
then supplied by some commercialdynamos, the currentpenetratedonly a few
millimetersinto the wire, so that a very thick conductorwas a waste of copper.33
Althoughmany practicalmen accepted the skin effect entirelyon faith, relying
on the enormous reputation of Thomson ("When Sir W. Thomson says so,"
Heaviside quoted one as saying, "who can doubt it?"), others continuedto hold
out against the new views. According to Preece, Thomson's findings had "startled the electrical world"-or at least that large part of it unfamiliarwith Maxwell's theory.34 One of the intransigentengineers was Samuel Alfred Varley
(1832-1921). Very much an old-style practical man, Varley left school at fourteen to learn telegraphengineeringin the workshop of his older brother Cromwell Fleetwood Varley, who was later prominentin the laying of the Atlantic
cable.35In 1866 S. A. Varley was among the inventors of the self-exciting dynamo, work for which he felt he never received proper credit. He often expressed the belief that pioneers like himself were being pushed aside by glibtalking, mathematics-spoutingprofessors of physics, many of whom, it seems,
were Maxwellians. These professors, Varley claimed, were trying to establish a
monopoly of authority;reaching deep into the bag of traditionalBritish invective, he denounced Maxwellianismas "scientific Popery." Maxwell's field theory, Varley said, "rests solely on hypothesis," and Hertz's experiments "do
not seem to bear very directly on practicalelectrodynamics."As for the Poynting flux and the skin effect, these were absurdand unproved;Varley contended,
in strictest "water-in-a-pipe"form, that an electric current"harmonisesin every
respect with the transmissionof force througha hydraulic system."36
32
33

Varley, Elec. Rev., 1888, 23:224, 296; Lodge, ibid., p. 267.
Electrician, 1888, 21:624, 736; cf. Lodge, Modern Views, p. 100, and Heaviside, Electromagnetic Theory, Vol. I, pp. 16-18.
34 Ibid., pp. 14-15; Preece in Electrician, 1889, 23:502; cf. Varley, Elec. Rev., 1891, 28:45.
35 A. G. Lee, "The Varley Brothers: Cromwell Fleetwood Varley and Samuel Alfred Varley,"
Journal of the Institution of Electrical Engineers, 1932, 71:958-964.
36 Varley, Elec. Rev., 1888, 23:224, and 1891, 28:44-46. Varley was, like Faraday, a member of
the pietist Sandemanian sect.
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While Varley had some supportfrom other "practicalmen," the Maxwellians
for the most part ignored him as an extreme case. They found the more moderate John T. Sprague worth refuting. Sprague, a self-described "half-educated
electrician," had written a widely read book on electricity in 1875.37He carried
on a long battle against Maxwell's theory, and particularlythe Poyntingflux, in
letters to and articles for The Electrician in 1891. According to Sprague, the
Maxwellians were using the advent of field effects in technical applications to
push their own erroneous views. "The fact is," he declared,
that it is only since alternatingcurrents became of practical importance, and the
effects of make and break had to be explainedand formulated,that these new imaginations became serious; the professors found it easier to invent theoretical explanations than to study materialfacts, so they convertedour old enemy-retardationinto conduction by the ether.

RejectingFitzGerald'sclaim in his Bath addressthat Hertz's experimentsproved
that "non-conductors can and probably always do, as Professor Poynting has
taught us, transmitelectromagneticenergy," Spraguecountered that "As far as
I can see the Hertz experimentsprove nothing," and that the Maxwelliantheory
was nonsense.38
Spraguewas answered, principallyby SilvanusThompson(in consultationwith
Heaviside), and his views roundly discredited. Thompson pointed to Hertz's
experiments as "the most strikingevidence that electric energy can be, and is
conveyed by the medium."39The Maxwellians held that Sprague's refusal to
acknowledge those experiments condemned him, like Varley, as close-minded
and hopelessly out of date, and that the old views could be maintainedonly by
closing one's eyes to established facts. In an editorial summingup the 1891 debate, The Electrician concluded that Thompson and the Maxwellian side had
won decisively, and that Sprague's assumption that the energy flowed in the
wires, despite its long acceptance by practical electricians, had no real basis in
fact.40

But Spraguehad pointed to the heart of the dispute. Practicalmen like himself
knew that alternatingcurrentand related developments were bringingnew phenomena into play, but they did not want to give up their old, commonsenseways
of dealing with electricity. They had been working with electric currents for
years with great success, and they resented "the professors" telling them they
had been all wrong. They did not, as Varley had said, want to take a back seat
to the upstart Maxwellians. The practice versus theory debate was an attempt
by the practical men to hold their own ground against the incursions of the scientists.
37
38

John T. Sprague, Electricity: Its Theory, Sources, and Applications (London: Spon, 1875).
Sprague, Electrician, 1891, 26:340; FitzGerald in ibid., 1888, 21:569. Sprague's letters to the
editor appeared in ibid., 1891, 26:340, 374, 405, 434, 495, 520; a series of articles, Sprague, "The
Electric Current and Its Laws," followed; ibid., pp. 513, 543, 576, 608, 697, 729.
39 Silvanus Thompson, "Electric and Magnetic Theories," ibid., 1891, 27:249; others in this series
appeared in ibid., pp. 44, 65, 103, 132, and 160. Heaviside, Lodge, and Thompson answered
Spraque's first letter in ibid., 1891, 26:374-375, but Thompson and Heaviside then decided Thompson
should write the articles; see Thompson to Heaviside, 18 May 1891, in Heaviside Papers.
40 "The Transfer of Energy"
(editorial), Electrician, 1891, 27:270.
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THE OUTCOME OF THE DEBATE

The issue of authority lay at the heart of the conflict between practice and theory, and made it especially bitter. A cartoon in the December 1888 Electrical
Plant, a London trade journal, graphicallyillustrates the attitude of the "practical men" toward the "professors." Depicting the lightning-conductordebate,
it shows Preece, in his hand a lightningrod with the flag of "Experience" attached, standing in triumph, his foot to the throat of the vanquished Lodge,
labeled "Experiment." An editorial in The Engineer, quoted by Lodge in his
report on the Bath meeting, further illustrates how deep the split was between
scientists and engineers, and that the issue at stake was one of relative standing.
It was time, the editorial declared, to quash "the preposterouspretensions put
forward by some men of so-called pure science" and to recognize that "the
world owes next to nothing to the man of pure science.

. .

. the engineer, and

the engineer alone, is the great civilizer. The man of science follows in his
train.'41
The scientists and their supporters quite understandablyopposed this view,
asserting that they, too, had an importantrole to play in practical affairs and
could claim some credit for the world's progress.42Some sought to minimize
the element of conflict: at Bath Sir WilliamThomson had told Preece that there
ought not to be antagonism but rather "a genuine alliance between mathema-

41o

Defying the Lightning," from
~~~~~~~~~Ajax
the cover of Electrical Plant,

-

December

1888. The cartoon shows

W.H. Preece ("Experience") standing
in triumph over 0. J. Lodge
("Experiment").Reproduced from
E. C. Baker, Sir William Preece, F.R.S.,
Victorian Engineer Extraordinary
(London: Hutchinson, 1976), by
_permission,

41 "Next

British Post Office.

to Nothing" (editorial), The Engineer, 1888, 66:203;quoted in Lodge, "Sketch," Elec-

trician, 1888, 21:622. The cartoon is also reproduced in Baker, Preece, Plate 3. Not all witnesses

agreed with its estimate: see also Lodge, AdvancingScience, p. 96; and The Times, 14 Sept. 1888,
p. 6: "it is generally admitted that Professor Lodge had the best of it" in the Bath debate.
42 See [OliverLodge], "Empiricismvs. Science," Nature, 1888,38:609;for evidence that this was
written by Lodge, see, e.g., P. G. Tait to Lodge, 6 Nov. 1888, Lodge Collection, UCL MS Add.
89/103.
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ticians and engineers." The mathematicians,however, saw their own role as
one of leading and directingthe work of the engineers when it touched on theoretical matters. Heaviside made this clear shortly after the Bath meeting in a
letter to The Electrician titled "Practice vs. Theory-Electro-Magnetic Waves."
There he declared it "the duty of the theorist to try to keep the engineer ...
straight, if the engineer should plainly show that he is behind the age, and has
got shunted onto a siding. The engineer should be amenableto criticism."43This
issue of who in fact had the right and duty to tell whom when they were wrong
lay at the core of the practice versus theory debate.
The importanceof this issue appears from several events connected with the
debate. Electrical engineers generally recognized the authority of Sir William
Thomson in scientific matters, accepting, for example, his endorsement of the
skin effect, as noted above. But less eminent physicists were likely to be rebuffed in their efforts to "keep the engineer straight," as Heaviside had been
in 1887. Preece's position had certainly helped in that dispute: he was a high
governmentofficial and prominentin scientific and engineeringsocieties. Heaviside, by contrast, was a nobody: an unemployed ex-telegrapherliving with his
parents in a seedy part of north London. As Charles Susskind has observed, it
is perhaps understandablethat in a quarrelbetween these two, "it was not immediately obvious to all concerned that the latter was right."44
Eventually,of course, authorityin electricalmattersfell to the theorists.Hertz's
experiments played an importantpart in this outcome: they raised Maxwell's
theory from a paper theory to something solid, that even "practical men" had
to admit and take notice of. It suddenly became the center of attention, particularly the sort of mathematicalstudies Heaviside had been doing. "The interest
excited has been immense," Heaviside wrote a few years later, "and the theorist
can now write about electromagneticwaves without incurringthe reproachthat
he is working out a mere paper theory." Those like Varley and Sprague who
dismissed Hertz's experiments as irrelevant could be charged simply with ignoring the evidence; The Electrician declared that "even the practicalelectrical
engineer cannot safely neglect a new departureso fundamentaland wide-reaching in extent."45
The discovery of electromagneticwaves by Hertz and Lodge also markedthe
turningpoint for Heaviside himself, bringinghim a sort of instant respectability.
Sir William Thomson dragged him into the limelight in his January 1889 presidential address to the Institution of Electrical Engineers, praisinghis theory of
cable loading, and in 1891 Heaviside was made a fellow of the Royal Society.46
His theoreticalwork on waves in space and along wires began, at last, to attract
some attention; there were calls for reprintsand for new work. The Electrician
began to publish his papers again, beginning in 1891 the series entitled "Electromagnetic Theory," which ran until 1902 and was republished in three volumes. (Snell had fallen ill in mid-1889and died 5 March 1890; his replacement
43 Sir William Thomson in Electrician, 1888, 21:675; Oliver Heaviside in ibid., 1888, 21:772 (Heaviside, Electrical Papers, Vol. II, pp. 488-490).
" Sulsskind, "Heaviside," DSB.
45 Heaviside, Electromagnetic Theory, Vol. I, p. 6; "Notes," Electrician, 1888, 21:749.
46 Lodge, Advancing Science, p. 94; Electrician, 1889, 22:305, 331-332; Heaviside Centenary Volume, p. 9.
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as editor, A. P. Trotter, was more receptive to Heaviside's work.) Heaviside's
earlier efforts were collected in Electrical Papers, published in two volumes in
1892. It was a far cry from 1887, when he had been prevented from publishing
by Preece and the Post Office censors. By 1894, Heaviside could tell FitzGerald:
"I do not mind the eminent [i.e., Preece] a bit, now that he is no longer able
to sit upon me and suppress me as he used to."47
Hertz's discovery, along with a group of related developments, also helped
give self-induction a new respectability. FitzGerald's glorification of Hertz,
Lodge's experiments on lightning conductors, and Thomson's studies of alternatingcurrentsall came together at Bath to focus attentionon self-inductionand
Maxwell's theory of the field. As Thomson put it, with what Heaviside called
"a happy union of epigrammaticforce and scientific precision," self-induction
was "in the air." Hertz's electromagneticwaves, Heaviside went on, were now
"also in the air," and Preece's protestations notwithstanding,"it is the 'great
bug' self-inductionthat keeps them going." Heaviside was moved to burst into
verse:
Self-induction's"in the air,"
Everywhere, everywhere;
Waves are runningto and fro,
Here they are, there they go.
Try to stop 'em if you can
You British Engineeringman!

Shortly after Bath, Heaviside was able to declare that "self-induction, despite
strenuous efforts to stop it, goes on moving; nay, more, it is accumulatingmomentum rapidly, and will, I imagine, never be stopped again.'48
The same could be said for Maxwell's theory as a whole. Hertz had given it
an impetus that made it the most wide-reachingphysical theory by the end of
the century, and also carried it deep into the practical world of electrical engineering. "Despite strenuous efforts to stop it," the theory found its way into
practice, transformingthe electrical industry into the prime example of a science-based, indeed, a theory-based industry.
CONCLUSION

Hertz's discovery of electromagneticwaves marked the triumphof Maxwell's
field theory, and gave it both the opportunityand the means to expand. It had
become "an imperial science," according to Lodge, annexing optics and later
a stringof other branches of physics.49The Maxwellianssoon annexed electrical
engineeringas well, extending their theory into the practicalworld. The practice
47 Heaviside to FitzGerald, 30 May 1894, FitzGerald Collection. "The eminent scienticulist," often shortened to "the eminent" or "em. sci.," was one of Heaviside's many nicknames for Preece,
which included "the man of brass," "the bouncer," and "Mr. Prigs." On Snell see Electrician,
1890, 24:437, 473.
48 Heaviside, "Practice vs. Theory," ibid., 1888, 21:772, quoting Thomson. The verse is from
Notebook 7, p. 113, Heaviside Papers; quoted in W. E. Sumpner, "The Work of Oliver Heaviside,"
Journal of the Institution of Electrical Engineers, 1932, 71:838-851, on p. 838n. Heaviside's marginal
"(W. H. P.)" makes it certain that Preece was the "British Engineering man" he had in mind.
49 Lodge, Modern Views, p. 307.
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versus theory debate of 1888-1891 marked the attempt of the practical men to
beat back this invasion. But Maxwell's theory had been so strengthenedby the
experimental evidence of Hertz and others, and the ground of practical electricity so well preparedby technologicalprogress, that electrical engineeringfell
quite quickly to the Maxwellians.
The old-style "half-educatedelectricians" were not, for the most part, converted to Maxwellianism,but were simply left behind. As a letter to The Electrician during the debate put it, "usually the only cure for the 'practical' generation is to die off, and for a new generationto arise.,"50That new generationBritain's first generation of academicallytrained electrical engineers, appearing
at the end of the 1880s-was raised from the first on Maxwellianprinciples. Such
Maxwelliansas FitzGerald,Lodge, and Silvanus Thompsonplayed leadingroles
in promotingelectrical engineeringeducation.51These new engineers, trainedin
theory and mathematics, were able to handle the new technologies involving
alternatingcurrents and field effects far better than were their "practical" predecessors, who were displaced as electricity simply got beyond them. The quintessential "half-educated electrician" Edison, after a long struggle against alternating current, essentially gave up work in power engineering once it was
adopted. He retainedmathematicalphysicists to answer questions on electricity.
"I've come to the conclusion," he said ruefullyin 1892, "that I never did know
anythingabout it.,"52 Authorityin the electrical world had passed into the hands
of the scientists.
50 Letter to Electrician, 1888, 21:749, apparently by Lodge; see Heaviside
Notebook 3a, entry
157, Heaviside Papers.
51 FitzGerald launched the electrical engineering program at Dublin; see his letter to H. A. Rowland, 26 October 1882, in Rowland Collection, Johns Hopkins University. Lodge started the Liverpool program; Past Years, p. 149. Thompson was the principal of the Finsbury Technical College
in London, an early center of electrical engineeiing education, and was the author of several widely
used textbooks.
52 Matthew Josephson, Edison (New York: McGraw-Hill, 1959), pp. 350, 362. For a good example
of the way Maxwellian theory worked its way into practice, see an unpublished paper by J. E.
Brittain, "John Stone Stone and the Introduction of Heaviside's Transmission Theory into the
American Bell Telephone Company."

