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THE HISTORY OF ELECTROMAGRETIC THEORY

Problem: How can engineers develop a practical perspective
of the relationship between engineering and science and
soclety? '

In 1946 I devoted censiderabls thought to this subject.
A ssminar paper on the history of slsctromagnetic theory
summarized my thoughts as of that date. (1) Since the
menuscript was never published, and the abstrset is out of
Print I am reproducing the abatract in this issue of §2ﬁ§g§

P . Although thers ars many points whiec

ere now out of date, the basic thesis 1s still relevant to
the problems of our civilization.

1. Prederick B. Wood "The History of Electromagnetic
Theory." Unpublished seminer psper, University of
Californias, Berkeley, 59op, Jen. 10, 1947. Copy
on file in Univeraity of Cslifornia Library.

Date: 5/26/h7 11/8/60 1/1/61 5/31/61 h/2/62
Stage: Draft Q~Ro0.9 Q-No.16 Q-No.1l-A Revised



THE HISTORY OF ELECTROMAGNETIC THEORY
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Intr t
The object of the author's paper is to summarize the
history of electromagnetic theory from sn engineering point
of view preparatory to the lnvoatigution of some specifio
problem. The following definition of an engineer has besn
published by the Engineers'® Council for Profesasionsl Develop-
ment :
 "Phe engineer way be regerded, therefore, ss an
lnturproter of selence in terams of human needs and s
manager of men, money. tnd aaterlals in tatltfying
~thess nooén. : _
The nontion of “human nocds' rotsos uiar'quettlnnn ontside

or the mathematical and physical aspects of the subject.

Eergpackive
' The procedure of soncentrating upon & neérrow portion of

s particuler field is necesasry for the discovery of new

o knuﬁlidgp, But society has suffered beéauoe of the ignorance

of some specialists ccnoarning the rdlationshipa betwean thelir



and the general problems of mankind. To counteract this
difficulty we should exasmine the relstionship of progress
in our knowledge of electromagnetic theory to humen progress
in general. An historical perspective must conslder the
approximate linas of occeurrence of eventa of the universe
important to mankind, the geological erss of the esrth, the
development of man, anpd the evolution of man's thinking. In
such & perspsctive the elementary phenomens of nature can be
srranged in order of increasing dependency upon the preceding
types a8 follows:

Physical

Chemical

Biologicsl

Psychological

Soeiel
Electromegnetic phenomena are besic physical phenomens, and

within certain limits are basic to sll nsturel phenoms.

| The history of electricity snd megnetism can be broken
down into the following periods: |
 Static Perfod, 1600-1799

Current Period, 1799-1831

Electrotechnical Period, 1831.1865
 Systematic Period, 1865-1895

Atemic Period, 1895-191%5

Quantum Period, 1915-1926

Wave Mechanics Period, 1926-1931

Nucloar Perlod, 1931~



Besic History of Flectromsgnetic Theory
Action-at-a-distence theories derived from gravitation

theory characterized the esarly advances in the study of
electromagnetic phenomena, Coulomb's laws of attraction for
electric charges and msgnetic poles have the same form as

the inverse-square law for grevitstional attrection. Polsson
showed that many mathematicsl concepts developed by Laplace
and Lagrange in gravitetion theory could be used in electro-
staticsa,

In 1831, Faraday discovered that electric currents are
induced in conductors moving with respect to a magnetic fleld.
Maxwell undsrtook the job of putting Faraday's discoverles
into mathematical form. Maxwell then commented as follows:

"When I hed trenslated what I considered to be

Faraday's ideas Into a methematicel form, I fownd that

in general the results of the two methods coincided so

thet the seme phenomena were accounted for and the

same laws of action deduced by both methods, but that

Faredsy's methods ressmbled those in which we begin

with the whole and errive at the parts by analysis

while the ordinary mathematical methods were founded

on the principle of beginning with the parts and

bullding up the whole by synthesis."

Maxwell extended Faradsy's idees by mathematical formu-

lation and by the concept of displscement current. In 1865,



he predicted the existence of slectromagnetic waves travel-
ling with the velocity of light. Maxwell'!s egquetions in
Gsussian units are as follows:

curl Bulfl Tao1,5

c ¢ gt
curl E= - 1
143

div D=u1m¢

div ¥ =0

The Farsday-Maxwell theory of electromagnetic phenomena
was only partially accepted until Hertz experimentally demon=-
atrated the existence of electromagnetic waves In a series
of experiments in 1886-1888. Using a sperk gap as & scurce,
he demonstrated reflectlion, refraction, s&nd polarization of
electromagnetic waves and showed that the velocity of propa-
gatlion was clecse to thset of light. He also showed that the
slectromagnetic fleld oean be represented by & single vector
function when the electrlc field is symmetricel about an axis.

The fundamental content of Maxwell's eguations was
examined and applied by Hertz, Poincailre, Lorentz, Abraham,
Sommerfeld, and others. At the close of the nineteenth |
century 1t wes thought that Maxwell's equetions would lesd
to an expleanation of the whole universe. The verification of
the quentum theory indicated thst Maxwell's eqQuations were
limited to lerge-scale slectromagnetic phenomena. Stratton
stated that the statistical saversages of gquantum electrodynamics

over large numbers of atoms must lead to Maxwell's sguations.



Maxwell's equations can be derived from the relativity
geometry of Weyl and from the emission theory of Page and
Adems in which the theory of reletivity is applied to lines
of force consisting of elements moving with the velocity of
1ight.

A 2 of Electroms ¢ _Theor

By 1850 infre-red and ultra-violet rsdiation had been
found to have properties in common with light. By 1888 the
verification of electromagnetic waves genersated by electric
circuits established the existence of the electromegnetic
spectrum. By 191l x~rays and gemma rays had been shown to
ba part of the spectrum.

In this paper & sample slice of the spectrum is cone
sidered. The more significant communicstions applicetions
and implementing inventions ere listed. As the communications
industry developed, many problems arose as to how these new
instruments could best serve humén needs. The policy of the
Royal Society of London tc avold investigation of socisl
phenomens -becauss of opposition from church and state appesrs
to have increased the lsg between the physical and soclal
sciences, 80 that we are not well prepared to desl with socisl
problems. Thers are potentisl relationships between the
status of our knowledge of phyasical phenomens and social

philosophy which are not well understood st present.



The transmlasien of elactromagnetic wavew 1ln & wave
guidt‘lt examined as & more specific part of the spplicetion
to commmications. In 1897 Lord Rayleigh obtained the gen~ -
oral solutions for the passage of electric waves through
perfectly conducting metal tubes. In 1936 both Barrow and
Southworth independently investigated the case for finite
conductivity of the metsl conductor. In the period 1936-
1941 thers was extensive research in vsrious shapes of wave
guide, horns, and resonent cavitles. Extenslve practical
applications of wave guldes ocowrred during World War II in
ths development of microwave radsr.

- Eutupe epspeotive

The development and application of electromagnetic
theory has resulted in the accentuation of maladjustments in
our soclety. Although it is ressonable to expect the sociel
scisnces to lag bebind the physical seciences, the lag has
been made more acute throungh the existencs of positive in-
centives in the physlcal sciences &nd negstive incentives in
the social sclences.

If we wish to continue the trend of progress in the
physicel sciences in our particulsr civilization, we must
concleve & future policy based upon our historiocal perapec-
tive, through which people working in the different branches
of sclence cen coopersate to assist the democratic processes

of the people of the world. The expansion of our knowledge



requires still greater specializltion in the basic sclences.
One posaidle working hypothesis for a future policy is to
extend engineering science to bridge the gaps between baaslc
scienee.and socisl phenomena which now receive only slight
engineering attention in comparison to physical and chemical

phenomens.

Supplemeptary Diocusslon:

Since the prepsaration of the author's paper, three
independent University of Californis propossls have come fo
the suthor's attention which mey make it easier for engineers
to concentrate upon physical problems and at the same time
fglrill thair obligstions in respect to human needs. Desn
Boelter# of the UCLA College of Engineering has proposed the
inclusion of blotechnology in the engineering curriculum.

A new undergraduste curriculum in socisl science has been
proposed by @ committee under the chajirmanship of Professor
Brady. A graduste seminsr on atomlc energy control is being
conducted on an experimental basis under fhe direction of
Proreéaor Condliffe in which graduate students in econcmics,
sociology, political sclence, history, chemistry, physics,

and electrical englineering are pasrticipating.

# Craig L, Taylor and L.M.K. Boelter, "Biotechnology: A
New Fundamental in the Training of Engineers," 3clence,
pp. 217-219, Feb. 28, 1947.
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