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Introduction

Tre objcct of the auther's paper is te summarize the history of electro-
magnetic theory from an enginecring point of view preparctory to the investi-
gatlon of some speeific vrobleme. The following definition of an engincer has
been published by the Engineerst Council for Professional Development:

"The engineer moy be regarded, thersfore, as an interpreter
of science in terms of human needs and & mannper of men, money
and matericls in satisfying thesc needs,”

me * ] it . . - 1 L
The nertion of "humen needs” raises many guestions outside of the mathematiecnl
aiid physical aspects of the subject.

Tarspective
R

Trhs procedure of concentrating upon a narrow portion of a particular ficld
is necessz.ry for the discovery of new kneisledge, but soclety has suffered
hecrusse of the ignorance of some specialists concerning the rolationships
hetween their work and thwe general preblems of mankind., To counteract this
difriculty we should examine the relationship of progress in our knowledge
of electromegnetic theory to human progress in general, An histerieal per-
specetive rtwst consider the anproximate lines of occurrence of events of the
univsrse impertant to mankind, the geologlcal eras of the carth, the develop-
mentt of wom, and the evolution of won's thinking., In such a perspective the
elomentery phenomena of nature can be arranged in order of inecreasing depend-
ency upon the preceding types as folliovs: ’

Fhysical
Chemical
Biologigel
fovehological
Social

Electromegnetic phenomena zre basic physical phenomens, and within certain
limits are basic to all naturzl phenomensa,

Cutline of Histery of Zlectricity and sizgnetism

The history of electricitr and mapgnetism con be broken down into the
following periods:
Stetic Perioed, 160C-17929
Currsnt fetriod, 1799-1831
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Electrotechnicenl Meriod, 18321-1865
Systematic Period, 1865-1895
Atomic rericd, 1895-1915
Quantum Pericd, 1915-1926

Tave Mecharies Poriod, 1926-192
Huelear Period, 1931 -

Basie Histery of Electromagnetic Theory

2,

sction-at-a=-distance theories derived from gravitation theory charocter-
ized the early advonces in the study of electromosnetic phenomena, Coulomtbts
inws of attraction for electric charges and mapnetic poles have the same form
ag the inverse-gsounre law for grovitetional attroction. FPolsson showed that
many moathematieal concepts developed by Laploce ond lagranse in grovitotion
theory could be used in elsctrostatics,.

In 1821, Faradoy discovered thot electric currents ore induced in con-
ductors moving with respect to & wrgretic fisld, IHaxwell undertook the job
of vutting Foraday's discovsries into mothewsticnl form, Moxwell then
comnented os Follows:

"Then I had translated whot I considered to be Farnday's ideas
inte & wmethematieal form, I found that in general ths resulis of the
two methods coincided so thaot the same pheonomena were accounted for,
end the same laws of nction deduced by both methods, but that Faraday's
nethods resembled those 1n wnieh we begin with the whole and arrive
st the parts by analysis wille The ordinery mathematical methods were
founded on the nrinciple of beginning with the parts snd building up
the whole by synthesis,

vexvwell extended Faraday's ddess by mothoemoticonl formulation and by the
concent of displacement current, In 1885, he »redicted the existence of
electromngretic waves travelling with the velocity of light., IMaxwell's equations
in Geussian units are as Tollows:

curl E=_4._Q. T“'i.é._]?_
c c gt
curl IQ‘:-}--&-E
e} a't
div T =am@
div T =0

The Foraday-Haxwell theory of electromagnetic phenomenn wes only partially
accepted until Hertz expsrimentally demonstrated the existence of electromag-
netic waves in a seriss of experiments in 188£-1888, Using o spark pap as a
source, he demonstroated reflection, refraction, and polarization of electromag-
netic waves and showed that the wveloecity of propagotion was close to thet of
light. He also showed that the electromagnetic field con be represcnted by
a single vecTor function vhen the cleciric field is symmetricsl about an axis,

The fundamental content of Haxwelll's secuations was examined and applied
by Hertz, Poincaire, Lorentz, Abrasham, Sommerfeld, ond others. At the closec
of the nineteenth century it was thought thet Maxwell's equations would lead
to an exnlaration of the whole universe. The verification of the guanium

theory indicated thet Maxwell's eguntions were limited to large-scnle electro=



magnetic phencmena, Stratton stnted that the statistieal average of quantum
electrodynamics over large numbers of atoms must lead to Luwill's caquntions.
Maxwell!'s equations can be derived from the relntivity geometry of neyl and
from the omission theory of Page and Adems in which the theory of relativity
is apolied to lines of force consisting of elements moving with the velocity
of light.,

Apovlicction of Blectromnenetic Theory

3,

y 1850 infro-red ond ultra-violet radintion had been found to hnve prop-
erties i common with light. By 1888 the verificotion of electromocnctic
waves generated by electric circuits costoblished the existeonce of the electro-
mammetic spectrum, 3By 1914 x~-rays and gomwo ravs hed Leen showm to be partd of
tiie spectm

In thils paper a somple slice of the spectrum is considered, The more
significant communications cpplicrtions and Iimplementing inventions ore listed,
A5 the communications industry developed, many problems srose o3 to how these
new instruments could best serve human needs, lhc pollcy of the Royrl Society
of London to avoid investigotion of social phenomena because of opposition from
church and state appenrs to heve inereased the lag between the phvaical

social seciences, so thot we are not well prepared to deal with sccisl problems
There cre potenticl relationships between ths stotus of our kneowledge of physi-
cal phenomena and social philosophy whieh wre not well understood ot prescnt,

spplication to Microwave Wove Quido Transmission

The transnission of elsctromagnetic waves in a wave guide is exawined
as 2 more specific part of the application to communications., In 1897 lord
Rayleigh obtained the gencral soluticns for the passago of electric waves
through porfectly conducting metal tubes, In 1926 hoth Barrow and Southworth
independently investigated the case for finite conductivit: of fhe metal con-
ductor, In the period 1936-1941 there was extensive rescarch in vorious shaopes
of wave gulde, horns, ond resconont cavities, Zxtensive practical applicntions
of wave guldes oceurred during Vorld Vinr II in the development of microvove
radar,

Future lPerspective
i

The development and application of electremagnetic theory has resulted in
the accentuntlion of maladjustments in our society, A&lthourh it is recsoncble
to expect the social wsciences to lag behind the physical sciences, the lag
nhts been made more acute tarough the existence of positive incentives in the
physical sciences and negative incentives in the socisl sciences,

If we wish to continue the trend of progress in the physieal scicneces in
our particular civilization, we must coencieve a future policy based uvpon our
historicsl perspective, through which people working in the different branches
of science can cooperate to assist the democratic precescos of the people of
the world, The exponsion of our knowlerge reguires still prester specialization
in the basic sciences, One possible working hypothesis for a future policy is
to extend engineering sciocnee to bridge the gaps beotween basic science and sceisl
phenomena which now recsive only slight englneerlng attertion in comsarison
to physical and chemical phenomens,



Supnlementary Discussion:

Since the proovaration of the author's paper, three independent University
of Californis proposcls have come to the author's attention which moy male it
easier for engineers to concontraote upon physieal problems end ot the some time
fulfil their obligotions in respcct to human needs. Dean Boelter* of the
UCIA College of Engineecring has proposed the inclusion of biotechnology in the
engineering currienlum. A new uncdergraduate curriculum in social science has
been proposed by o committee under the chairmanship of Professor Bradr, A
greduste seminnr on atomic energy control is beiny conducted on an experimental
Losis uader the direction of Professor Condlifle in v ich graduate students in

economics, sociology, political science, histery, chemistry, physics, snd
elocurlchl enpineering are perticipating.
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