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1. INTEODUSTIUW

Tia solest af inds parey iz it ouwrusarize Lhe hlgtory of
plestromaznetio theary fron an sugineering paint of wvlew pre-
pearatory to vhe investipation of swne apscille prebles in-
volving the epplicaticn of slactrezsrnctie theury. 1o de-
rernine how thle paper should 2l fer frme o revliese poper of
tha typs pablished in Bevlesw of dedern rhrsliok, lal as exsming
what 13 meant by an enpinesriag polnt of view, Ths Ingluaery’
Council feor Prefessjonsl Usvelepmznt, whiosrn ie jointiy spone-
porad Ly tha prinoipsl onglnserlry accliotincs includlinyg the
Anarigan Institute of XZleatries) Lagiregers, hes pubilshed the
following on snglosaring:

The englineer may o reardsd, tharaelors, 25 an
interprater of polerge in taree of husan needs and

s naneger of nen, woney, 573 metoeriels in satisly-

ing theas nesda.

The mentisn of "humen wwods" ralsss many Juustions ahisk inl-
tially submerge ths mathemalioesl and physical aspoets under

e dainge &l eoolisl problems Involving econdmie, payshelozlosl,
political, legal, =inieal, and relipzlous arguments. Thie re-
sulits in a serious prodlasm of esxtablishing = perapsative by
whish recegnitien can ba glven 12 the soclel mepecls withoul
loslng sight of elsstromagretic thaory.

The B,C.P . bas Sesaritsd the regecaraon Minotion of an-

gimmering as followe:

ot



Kegoareh 1s the proceses ol goaxing rnew koowl-
aiga or B CLanior wrderstanding of the slenificares
ang relatiocenly ¢f racte slrcad; knowa--tis "acler,
tifis methoad™ of workine fryo: bncwn Taels .awa ¢

the unknesn: toverd ses 1deas, facts, rmincliples.
mycerinis, Oor JUrooaspes, Tz pure sgls Atis* l=

Literogted melniy In Siznooverin ecmetidny new:
tra encinner s laterasted ~sindly in_turning Yhat
grooathive roe Lnve sowwtiodng wselol.,

meatic~ of waaful’ o ralonsa the cuasastion of whnet LY io uzefad
Iormamurder or lmproraseny aY bire wollare of asniind) 10d

igpaary o recalre thwi the porspective have a largo tiae

gcale a0 that Lho orosoent soolsl problems bLeeome vary saalil

o

gapaved 10 tne totsl procvags of nannling,

To 2staliisl. this nocessary pevsprotive a districution
oy eaphasis as show: iva Vlrure 1 hias Tesn employed. Ths ox~
pectod ddstribation for & phyclcs paper 18 showvn conparsd with
the dlgtributlion uvsed in thils rnaper,., The pep batwesn this
paper and {he eoiual investipaticn of & anecific problen im
slgo llinetrated. his gap congiats of two psrta: additlonal
study of the nsthematical end physinal ressaroh previouvaly
done In soe Lreanch of the sppliestion of elecitromsrnetice
thzory guch az microwave wave pulde tracemission; a1l a csresul
survey pf the work velny done in the soolael aslgnzes relating
to the interpretatlion of “nmen neads” and the mesniay of “was-
ful®., 7Tthe procedure results in reduction of the govorape of
the sathenatlical and pnyelsal aspocts of the subliect st this

atege in ordsr teo llivs up to the respensililities of an ane

gluaer,
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1T . PHASFRCY IV

The gpreat sdvanesa in cur ssionilfle knosisdpe in the
lust fifty vears rave nesn asvxans "Lod by an insroasing do-
sree of speclallizst.on. This wocslare of econgsuirsating unon
g nerrsw portlon of a prrtlonier Cield 1la necszssovy Ior (he

o

Sisapvary of new koowladve, ot Las suiferel Trow desfecls due
te the i onorance ol gore gpasiallebs concorning the reletlion-
puine votveer thely siore and the “onaral prosvlens of menkiyv,

T2 svold gerlous Siffioullise In tha considerntion of
the Lilastory of electromasmetic thaliry, 2 parepectlive ig hore
dereleoped to brisefly indlcate the relationghip of j~roprsss of
pur kncwledso of clectremagnetic theory o hunan yrasresa in
goneral. Thie porspeetive ¢-n be rdlvided into tiurce parta-~
nresent, hiletarlesnl, snd future, The preseont and nistorloal
aspects ure bridfly montionsd in thie ehapter wulleo the Muturs
sapecta are sonsidersd in tha agpendir, Huch of thle metarial
on perspective la gulte elemantary. However, it L2 ineludad
hare, nocauas there are indications that the nejlect of ithia
saterial ey Le a coatributing Tsetor to the confusion of a2me
snginsers acd zolentlets.

The presant perepesctive ecnverns tho understandling of
thie velationghlp betlwoen dlffarent types of msatural phenortens.
Ly esmsiderin: only ths meco clemenkary phondmena, we cun &1~
raxy;s them in sn erder of Incrausliny dependaney upon the prae-

sadlry: types of phenceena, ['or brief discumaloen the folloving
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I1T. OUTLINE QF HISPORY OF ZLROTRICITY AND

. 190, 11, 12
BRACRETLIX

A. 8tatic Period, 1500-17%9

1600: #1lilarn Gllbert published his resesrchea on mag-
wets, magnstie bodlez, and elsctrical sttrae-
tione, entitied De mapnets, megnetielsque corpori-
cus, et de marno mapnete tellura,

1782: Benjamin Franklin ldentified atnospherlc eleotri-
@ity with atatle elesctricity.

17¢66: vrleatly sonaludsad that Inverss square lsy applles
to electric shargas,

179Z: Couiowt esgiabllished with precislion the inverse

square law for na netlo poles sugcgested Ly John
¥icholl.

. Current Fariod, 1799-1831

1200; Volts developod the voltsic pile (battery) follow-
ing investigations of fregs legs by Galvani.

182C: Oarstied dlscovered that & wire cerryinc a currant
produced a magnetic fleld.

1820: Ampero established lav of force upon & current sle-
nent in a =zpnetic fleld.

1825: Ampere showed that an sleetris pircuit is equiva-
lent in its zagnetle effects to a magnetic “shel:,®
magnatizxed at risht angles to the surface, whose
boundary eoinoldes with the oirouit.

1826: Ohm esteblishod Ohmts Law through analogy of hest
flow,

C. Elegtroteshnical Pexrlod, 1831-15885

1831: PFaraday discoversd electremagnetio induetion of cur-
renta; made firat dynamo.

1832: Hemry discovered self-industien.



1633 Faraday fournd that the masz of subatsmce literated
in electrolysis l& vroportional: 1) to the gquantlty
of electricity pessed through, ernd 2} to the chemi-
gal ugqulvalent welght af the substensc libarated.

1845: Faraday found that the plesne af polarizetion of light
is changed by pasalng throush gleass tetwesn the pole
fuong of & magnet, Lo found all substancoeg hsave some:
magnafie preperties; defined diammcnotie ard pura-
denstls.

iB84¢: Kireinff developed g thaoren of the currents in a
network,

17471 Reluheoltz proposed thLo principle of conservation of
B:}Gr;y -

1886 wWeber ant Xohlreusc:h aeasured the ratio of elasetro-
amagnetic units to elcetroatatis units.,

systeatle Feriod, 1B85-1000

1E65: Janes Clerk Kaxwell developed the fundamontsl eque-
tiona of the elactroma;noetlic fisli after studying
Faraday's expsrimental work. e sy, ested that
1ight consisted of electromagneiic waves.

1870 4saxwell publisihod hls Treutise on Eisctricliy and

Harpstisn.

iB7C: de A. Rowland showed experimentally that a zoving
electro-atatio charge produced a magnetic field like
g current in a sonduetor,

Lo FAts Uerald showsd thecoretloally thei a coll carry-
ing a rapidly slternating owrrent should radiate
¢lecotric waves on the baals of Hexwell's thaeory.

12€6~10881 Harter sxperimentally verified the exlstence of
slectramagnetic waves formulated by Maxwell, saves
from 4 spary: gap osclllator were detecisd by enother
apar gap.

188€: Xiehelson and lorley found lnsuffielent experimantal
¢vidence for a fixed sther (first exp. in 1821,

1887;: Heris showed that the alesatromapgnetic waves he pro-
duoed were plane polarized.
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1892-16895: Pitzgerald and orentz explsined remlts of

1896

¥ichelson-iorley experiment by theory of contractlion
of langth with veloaclty.

Herooni nzsd slectromagnetic wrvea for signalling.

Atoale Peried, 1850-~19l5

1805

1900,

1805;

Rosnteean dlscovered X-reys., In 1283 J. J. Thomson
had pointed out that the sudden stopplug of cathode
rays should in aceordanee with Xaxwell's theory pro-—
duce alegtromasneatic radiation llke light waves,

: Baogqueral discovored rediocastivity.

: J. J. Thomson?s daacngtration of eilastroetatic asz

well a8 meznetic dsflestlion of catheds rays estsb-
liszhed the electiron theory which: had been in process
of dsveleopmant by Pranklin (1756}, Faradey (1833},
#aber {1871}, Crooksa {(1879), and Steney (1891),

¥ax ¢lsnck developed cusntun theory of radistion
for energy euitted by a nlagi body.

Einzteln postulated photoelectric law in whieh epergy
redliated consiats of diserete quantu, %instein de-
veloped gpacial theory of relativity spplylng to sys-
tems with uniform valoolty; principles of relativity
of uniferm motlion; prinoirle of ths econetancy of the
veloolty of light.

1909-101%: Millikan seocurately deternlned ratio o/n end

1912
1813:

1813:

Froved exiastence of 3 unlt eharge, the elsetron.
de J. Thomaon developed masa spestorrsaph.

Niela Bohr desvsloped theory of etox in which slec-
trons z2ay have only cartalin orbits, and rediate aleso~
tromagnetic wever wshen of disarste quanta when slec-
trone change from one orbit to snothsr,

Leaus meesurad wavelength of X-rays and studied crys-
tal structure by studying the diffraetion of X~rays
by srystals.

1913-1917;: Bimztein devoloped general theory of ralativity:

an axtensisn of epscial theory tc the cags of eccalsr-
ated syatoms.
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Tha uantuu Perled, 1915-192¢

191L: Milikan experimentslly »roved Zinstaln's photo-
glectris law, sscurstely determined Planek'r con-
gtant.

1213: Rutherford showed that the mieleus of &n ordinary
elament could be chwnged by bombardment with highe-
eneryy alpha particlesm,

1823: A, . Compion showed that X-rays acattersed Ly arys-

tals have an increase 1n wavselength thet is in agree-
ment with quantum theory.

The Zave Meghanles! Perlod, 1826-1831

1925: de Uroglie proposed the comoe;t of s wave-electron,
costining quantum theory aml wave theory.

1926: 3Schroedinger devaeloped wave equationa.

12271928 Helisenber, and Dirac devoloped ocuartuyn mechanios
uging nastrix calculua, :

16871928 Daviseon and Geraer and also G, D. Thomaon
obtained axperimental proof of the wave-~sloctron,

1523-31929;: 3tern found that sheoting molestles omis thae

atomlie lattice &t errystal surfsces formed scattsring
patterna which confirmed thd wave meshsenlos thoory.

The Fuglear Perlod, 1951-

1831: E. 0, Lawrenwca developed cyalotron for accelsration
of lons for usze in study of atomic muclel.

193): Anderson discovered pﬁsltion.

1932: Chadwlek dissovered reutron.

12541 Curle~Jollots preduced artificial radloactivity.
1934: Perml propossad bowbardment of rmolei wity neutrons.,

1936; Barrow and Southworth lndependently demenatrated
peasible prsetical use of wave pguides.



1338 Halm avd 3trassmersn digsesvered that an lsotope ef
barics wes pro@uaed by demberdasnt sf wreniwe with
BeALIENBL .

18958 Yrish sndéd Belitosy pradioled that ebgorptisn of a now-
tvon by sreaninm stmwtines csuses mualesr “Pissien”
¥ith relonse of enismtus ensrgy.

1940: Over zixty articsles on tramsmlsaien of sleptro-
magnetis weves in vaveguldes had dDesn woblighed,

1940-1040: M. 1.7. Radistion Ladborstery irn oedperstisn with
infustry and governmentsz) aganales appiied ocliesotro-
nxgmetic thesry 9 the deeign of migrowwve radmr.

isdl: Over e endred arilelses o mmaliosr fiseion had besa
pabliished, plue severa)l rovisw ariicles and besks,

19MBe1BLB: 0B8R D, Nsnbattar Project, and solperating
agonoice appllied Emslear physles e the ypweblam af
reloasing mglear energy for miliinry whish
resulited Iin dovslepment of atonis desd,
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1Y, BASIC EISTORY OF ELEOTROMACNETIC THREORY

A. Actisn at a2 Diatanse Theariss
Early atteapte to formmlate theories ol slestricity and

magnetism wers basad on finding appliecationa of gravitational
theory which would explain elastrsmagnatic phenosena.

Revton had clearly and rigereusly formaletsd the inverse
square showing the gravitational ettrastion betwesn twe bLodles
ag followe:

F = g 3] ®mg
{1)
there G is a comstanl; a4, mp are the massea of ths two bodles;
and r ia the diztance betwesn them. Fellowing the work of
Prieatly, Hichel, and othera, Coulemb's Laws for elesotrls obanges
and magnetic poles were sstabllshed as follows:

F =~ c %1% (g)
!"i :

y = ¢, P1 Pp 3

g___;!__ (3)

#here P is force; (,.0p are sonatants; q3+ 9p are aleoctric
ahirgoc; Pys Pp 6re magnetic pole strengths; and r ia distance
botwoen cterges or magnestie poles.

laplaes invented the method af genalidering the componeuis
ef a veetsr as the first derivative of a eertain funation of
the ossrdirmtes with respest to the cuardinntoa.lﬁ

lLegrsngs developsd such a function V in gravitetion theory

such that the forss on a partiele satisfies Laplece's equatien:
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V‘Vn‘»‘ﬂ -:é.vﬂ-d.v‘dgj{ (4)
Ix® c)y“ a!n
Where V ia the sum of the mase of eash particle divided by

its distance from the peint. Prolasen chowed thet many con~
septs from gravitation theory oould be used 1n sloatrostaties,
9a showed that the distridbutiocn of charges on a eonductor

oan be sbtained throeugh solution of Laplage's Equation (c‘. Al
Foisson's equetion relating potentinl and charge density at

a peint ig:

ey . . A2 By 2%y | 2% ()
€* Ix® 2y* os®

Whers ¥V ia the petential at o peint, P is eleatris charge
deneity, and ¢} 1s specific industive sapasity. When the
charge density 1z sero eq. (D) reduses to {(4). Oreen gave the
naze petential to the funetion ¥V in eg. (8) and axtended
the work of Poisson, Green davelopsd & theorem cenneoting
surfase and veolume integrnln.ls
B, Far ‘s Res 2

Michae¢l Faraday's discovery in 1831 that elestiris cur-
rents arey induced in sonduotors moving with respect te a mag-
netle fialal? lald the basis for Naxwell's formulation of the
tuslic equations of eleotromagnetic theory. Zereday's experi~
meniel denonstration of magnetic rotation of the plane of
relerinstion of 115h318 in 1845 inareased the cvidencs of @

relatiivasiip Detwesn light and elsotricity and magnetiss, In



ib

1852 he discussed linos of magnetis foree as physical lines
19
of force gulite 4differsnt from gravitational forcea. Fara-

day reported hls researches iln great detail, uelng extsnaive
word descriptions of his 12aas and experimenta. Thoers was
considerable questisn as to vhether Fareday's viewa or the
theoriea of retion at s distance were sorrest., Maxvell uncer-
tock to study Faraday's rezearches end put thea in mathemati-
cal form., Haxwell commenta on his analyeis as follows:

“hen I had trenalated what I eonsidered to Ve
Faraday's ideas Iinto a methematleal form, I found
that in geonersl the results of the two mathoda co-
inoided so that the zsme phanomena ware accounted
for, and the eame lawe of sation deduced by both
methods, but that Faraday's methods resembled thoas
in which we degin with the whole and arrive at the
paris by analyels while the ordinary mathematical me-
thods were feunded on the prineiple of beginnin;: with
the parts and bullding up the whols by syntheais. <V

In a phllosephical point of view, moreover, it
is exoeedingly important that two methods should
be coapered, hoth of which have susoeeded in ex-
plaining the prineipsl elegtromagnetic phenomena,
and both of whieh have attempted to explain thas
propszation ¢f light as an elegtromagnetic pheno-
mencn 2nd have sctually osloulsztad its veloolty,
while at the samo time the fundsmental econceptlons
of whet astually takes place, az well ag most of
the sueondary congeption of the g?antitlou con~
corned are radioally different. <

C. Esxwell's Lguations

Haxwell extended Faraday's ldeas by mathsmatieal fornmla-~
tion and by the goneept of displaceonent current. Haxwell ex-
pregasd hia eguations 1n quaternlions and also in complete
form for all three ocomponsnts in Cartesisn oolrdinates., Othar
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gelentists 1ster translated sxwall's aqustlora inte the vegs-
tor form new ugted. In Gesussian units >axwell's eguations fer

bvodlies &t resat are:

- Loy .
curl W = %? i * ‘: cé% {6}
L )
ourl B = _ 7 {¥}
-3
divy ¥ = An P {(8)
diy B = 0 (@)

In 1868 Raxwell publlahed his msthematiocal theory of the
elestrosagnatlise field and predigted tha existense of slaotro-
maprnatio waves traveling with the vaeloeity of llght.32 rrom
equations (&) and (7} he ubhtained:

aﬂg ﬁﬁg
— = g% 1 (19)
Ag® Ax*

From the general egquation for plauns waves

Ey = rf{x - wvtj (11)
he sbtalined:
d*g a*s
- ]
T Te o

™e sluilarity «f egquations (11} and (12) wvhen y = ¢ aug-
gosted that slectromagnetlie waves should travel in free 2pece
with the velesity of light,

The Faraday-daxwell thaory of eloctremagnetis phenpmens
was only saceptad by part of the scientifle world. The lsek
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of exparimental veriflestisn of elestrozagnetic waves appeared
t¢ be the largest ovetaole to gensral sessptanse, 3lr Wllliem
Thomson, Feddarsen, and others hnad psinted out the eseilla~
tery naturs of the Leyden Jer dischargs. Fltsgeresld in 1883
showed from Maxwell's equatlons thati a cell ecarrying & rapidly

alterneting gurrent should radlate slsotrio wavea,

D. Experimental Verifisatlon and Interprateticn of ileetro-

g&gpntlc Yavea hlrnartz.

Heinrich Hertz gsonductad & serisa of experlzents atart-
ing in 1886 fer the purpoze of testing the hypothesls of Max-
well's theory., He used an irvductlion eoil and spar: gap as
ssurce. 3parks were found to occcur aarges a gap in zeparste
enaleosed loop af wire placed near the spark gap. Fhenomenas
ot explainable by theorlez of aotior at a distence are re-
ported in 1887 and 1888, The most emi.nilng yroaf af Fara-
day's and Haxwell's theory wes his denenstration that plane
polarised waver existed by rotation af the seocondary loop amd
that they had s finits veloolity akin te that af 1light by mee-
muresent of savelength of standing wavesz on a wire and cheock-
ing of veloeity of propogation in space by interfaronse be-
twesen standing waves on the wire and the waves propagated
taresuzh upnou.ga Re alsyp deanvonstirated reflection and refrao-
tien of elestromagnetio 'nves.z‘

Hertz showed that electric sscillatiens soculd be axplained
without making distinetion betwasn sleootrostatie and sleatro~



magnatle forees. He introdused s veeter 1| whieh i now
g6
called the "Hertsisn Veetor .
TT 1a s Musettes of 2, ¥, t which eatisfied the ecuation:
a*v
A® — = V] (13)
a*

symmetrisal
for the cass whers the slestriec force 1y’abtmt the = - axis

fQ = # 3 (1‘)
A = rveclproeal of velesity of light

Compouents of elestrliec force Campenants of magnotic foroe

a* Il a* "
X = . {15e) L = A {16a )
dx
s il
Y = . (156) E »_ A {16h)
d”?f d;n?.‘, dx at
Z M= {150} ¥ = O {16a)

ax®  Ay®
This HEertzian vesstor satisfles its eguation throughout
space exgept at the ¥ - sxie whers 1t is discontirmous for s

wire, or at the erigin for s rectilinear sscillator,

E. Interpretation arnd Development of Zlectromagnetic Theery

Stratticon has pointed out that Maxwell &idé not devots very
sosh gpape in tis eritings to hils own moet important equations.

*he patitern set neerly TO years sge by Mexwell's
Preatise on Kleckiricity and Magnetlss hes teen a
CoRimarn: infinsnce on a t every subsequent =Zng-
l5sh and smeriesn text, perslsting to the present
dAY secc Trem the single point of view of Faraday.
Tms it conteained little or no meuntion ef the hy-
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pothessa put tm on the sontiment in eurlier

years by Riemasm, Websr, Kirehheff, Helmbolss, ard

others ..., Oaly the sriginsl and sslitary geailms

of Hewvisids suseeeded ir breaking away frse this

oPuT 88

Par an sxplarstian of the Sundameontal somtent

of Maxwellts equatisens anes st twrn eagein to the

Continent., There thas werk of Hertz, Poinsalré,

Lersntz, Abrahan, and Sesmerfeld, together with

thelir sasceliates and pusceasers, bag lod to a wvast-

IJ deepar understacxiing ef phnical shansmena snd

uﬂanrul dsvelapnanta of tremendous proper-

tions ,

Jeans relates that at the end of the nimstesnth gentury
selsntlists belisved that the way epened by Hazwell would lead
to an mlmun:’ of the whole wniverss in terma of elsatro-
magnetic theory.  This view was shecked by ths Niohelssome
Rorley experimsaty whish made ths existense of the othewr doubt~
fal and by the veriflieation of tbhe guantum thesory in whieh
soms phenassns ware nat satlzfastorily desoridbed By slectro-
sagnetic thesry, Stratten states that the stetistical aAverage
of quactum eleestrodynaaies tgr large mabers of atoms must
lead to Naxwell's equations.

Nnxwallts equations év» net econfllist with relativity thsory.
They unzgn mathenatisally derived fram the relativity gecmetry
of Weyl. They can alse be derived frex the physicel pleture
of elestric linws of faree senninting of elesemis moving with
the velseity of iight by spplisstisna of the theory of rela-

uuwm%mmmwmawu-untmm-
siem theory.



Y. APPLICATION OF KLECTROMAORETIC THRORY

31
A. Elestreaagnetis Epeqtrus
Tha sxtsusion of our knowledge of the eloetromagnetlis

spestrua started before Naxwall by the sxperimental discover-
ies that there werc redliations cutside the visible light apee~
trux, llersshel found infra-red radiations in 1800 and Ritter
ard ¥sllaston irdependently found ultre-vielet rays in 1802,
By 1850 these redlations hed been experimentally proved to
have the properties of refleoction, refraction, polarisstion,
snd interferemcs of visible light,

Naxwellts eleotramagrnetic theory of 1865 and thae sxperi-
mental work of Herts of lBS8 related waves gensrated by olec-
tric sireuits to light waves. RUntgen diseoversd X-rays in
1890 and Villard diseovered gamma raye in 1300, ZX-rays were
not ascepted as a pert of ths eleetromagnstic speatrum until
Lane established the &iffraction of X-rays by &rystals. Ruther-
fard and indrade showed that gomma rays weres of the ssme na-
ture a8 L-rays in 1914. Mmaerous selentists not mentionad
hare have filled 1In the gaps t0 make our knowledgs ol the
slesotrumagnetlie speetrum sover ths regiom shewn in fi{:uro S
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The applisatien of olectromagnetioc theary to the whale
elostromagnetic speatrus has greatly expandsd sur knceledge
of matursl phensuena, For this paper we shall consentrate

on the spplication of elsetromagnetic thesory to comamications,

B, Commanigations Apslicetions

Farsday's dizocovery of electromagnetie indnotion expe-~
dited the development of the [practlcal dyneme and the prao-
tioanl slectriac telegraph which started the two pripoeipal
branches of the electrical Iindustry--eleetric power and elee-
trio comsmnieation, ¥The early lnventions which made elseotrie
power gensration and communlestion by telegraph practicel while
dependent upen the existing knowlsdge of eleotricity and mag-
natisn, resulted more fram trial sud eror experinenting than
upon nathsmaticsl theory. Az the development of the slectri-
osl industry pregressed, ths careful applicstion of mathe~
matical theory bvecsawme more Ixportant. |

The more significant coomunication epplications of
sleatramagnetis theory and the more iaportant implementing
inventions are liated in the following table:aa

1B27:1 Bawvary ssgnetized a stecl nesdle frox Layden
Jar discharge.

1832: Nerss congsaived the ldea of the dot=-dash-space
type of code using sleptromagnets ez telsgraph
inztruments after hearing of Faraday's discovary
of elestromarnetioc induwetion of 1831 and that an
eleatric oharpe travels On & wire with an almost
instantanecus velocity.



1837: Oreoke and Wheatstene patented eslegtrie telegraph
in England, and Xsrse patented elestric telegraph
in the United States,

1840;: Hauiry prodused high~frequsncy elestrie osseilla-
tione ™

18€5: Eaxwell developed elestrimagnetic theory.
187631 Bell invanted the telephons.

1879: Baghss dlagevared the phanomensn upon which the
osherer ia baned.

1888: Fitxgerald shoved thesreticelly a method of pre~
duaing slestrunsgnetic waves,

1886~16888: Herts expezrimentally verllfied existence of
elestromagretic waves,

18961 Mareonl used Nertzian waves for wireless telegraph
e sver a distanes of ons and three-qusrter miles.

1867 Mareanl establishoed ahilp ¢o ahore redlo telsgraph
transuiasion over 186 uile dlistance,

1898: Plirst paid rediegrarm transmitted,

1905: Transatlantic comsercial radioc telegraph wes ea-~
teblished .,

1906t De Purest patented wvacuum reotifier (sudion),

1907: PBaekeland discovered the first phensl foraaldehyds
resin wvhiech was marmifactured as Bakelite., This
wae an important step in making possible ths masa
producstisn of radieo and telephene parts,

1912: Federal laws regulating use sf radistelegraphy
wars eatedlishaed to pramote safety at ses,

1912: Pirst prastiesl triels with redic telagraph on
rellread trains ware nade.

19121914t Development of ths thermionie tube made pos-
libl; the develomment of radie telephons during
¥orld %ar I,

1924: Armstreng waa iasuved patent on regensrative cirouit.



1915: Amgrican Telaphons end Telegraph Jo. and Yeatsra
Klectria Ce, establlishsd experimontal radio tele=-
comeenicatien from arlington, Virginis, teo

Hewail and Parls,

1918: DeFPerest axperlizmanted with radie telephens broad-
sast of =umioc,

1980: Cecmmaroial brosdessiing was establlished.

19E2: Wire telgphone lines wars used to intereonnsct
radie stetione for simaltaneous breadsazt of ths
/ame pProgran.

1922-1924: Hegulatlon of radis hroedessiing and assign-
ment of frequencies was acsomplished by cedpera-
tien batween the Department of Cexmmerge and repgre-
sentativee of the radies bLrosdoasting industry.

1823; Haseltine developed rneutrodyne systez of nmeutrali-~
gstiosn of grid-plate capacity in trisde tuben,

1925: Radlo-ecompass direction finder game into general
uss on ships.

1926: Faticnal Broadeaszting Cempany was organiszed by
Genaral Elestrle Compsny, testinghouse Elegtlris
and Xsnulsetaring Coupany snd Radie Corporation
of Ameriea.

192%: Fedszsl Redlos Cosmiassion was satablished aftasr
geurt decision held Departumant of Cammerde had
no anthority to deny licenses or to enforoe fre-
quaensy sazignments.

1928: Development of sathode ray tubss hed sdvanced to
peint whars slestronie televisien sppeared possibls.

1934: FPederal Commmiontions Coanlission wae established
ts handle naxtional broadoast regulation and alse
interstute and fereign telsphone and tslegraph
coomanicetion by wire and rsdie.

1936: irmztrong showed that frequency medulstisn eowld
be usad to reducs interfsrence,

1936: Television Drosdoasting sterted in England,

1939; Publig telovision broadeassting was started in the
Onited Statas .



1940-1948: Raday wae used in ¥orld Wer 1I.
1942-1945: Radar ssuntermsasures weres devsloped by the

Harvard Radio Research Laboratory to oounteract
German, Japanese, and Italian redar.

Ce Rolations with 3esial Problens

Tha early stages ¢f Lthe developmsnt of ocsammmiocationa
facilitiea tlereugh the applioation ol elestromagnstis thaory
were marked by many besafits vhich fulfilled huxan nseds fer
rapid communieation. Ag the communiosstions industry developed,
many problass e¢sme up ss to how these new instruments counld
best aarve hmsan needs. The Amsrisan Acadeny of Political
Seience published studies of the polities)l and soeisl prob-
lems x‘f?la&@ﬂ t® radie broedeasting in 1929,“ 19.’55.56 and
1941, ¥he Pederal Couneil of Churches sf Christ {n smariea
has studied the ethieal problems related to radio pregram plan~
ning and admtuins.w The Bationsl issosiation of Broad-
oastars sdspted e eode in 1939 to set standards for radio pro-
gramming t0 aveid the dangar of getting more stringent govern-
ment ragnl-uan.m ™he Librzry of Congrsaa perisdicslly pre-
pares hibliegraphing af artloles on redio and radio broad-
mtins.“

Je Gy Crowtisyr wrete the follewlng couments on the sooelal
preolams related %o radic in 1937:

ese Rodlio 4is Iin mome ways the mest powerful ingtru-

ment ever pul inte this hande e¢f man, %ith 1it, one

persem may addree~ Imstaitly the =inle world. It
has been &f lmmerze ald L2 goveruments and espaclally



to dlotators. The seme 1des may be put simltansous-
ly into evarybedy's head,. This preduces uniferm
thought, which facllitsates dictaterial diselipline.4O

Ths redle, whick hes glven so smoh ald to
dioctators, was devaloped into a practicai ferm
chisefly by Narconi. This Italian seientist and in~
ventor jolnsd &f@ Italian Fasclist Party at ths early
date of 1823,

But the improvemsant of technigus does net
always favour the sggressor, or these who at the
monent eontral the military equipment. Hadlo as-
gsists diotators so mach a' the present time ve-
ossuse, at the present stags of development of radio
tegchnique, largs-scale squijpment is required, As
this is expensive it may be mmed only dy wealthy
gorporations or gevernuents.... Further ovemsutna
of redlo technigue 1s nmskxing apparatus smaller and
szaller, and more and :ore sensitive. In the futurs,
avery man wil)l be adble to =makxe his own redio trans-
mitter, and oarry 1t abeut with him in his eoat
peoket.... S0 it is poselbls to hope that radilop,
w#hieh at present alds dictutoigbip, will presently
work in favour ef demosraoy.

The utilization of the i1nstruments Jdorived from the ep~
plisation of elecotromagnelie theory for antl-accisl puwrposes
nay bz related o the slowness of the development of ths so-
tlal selences in ocomparison to the repld advance of physleal
acisnae, \ study of the history of ths Rayal Soolsty reveals
tbat pulitical probliexs were avolded in ths reventeenth ceutury
Pacorse of the sooial conditicona existing 2t that time, Tha
pechibltion of gonsideration ef pelitical problema may have
delayed the diseovery af lmportant relaticnships betweoen
phiysical, ochemleal, biclegioal, pesyshologioeal, and asocial
phanoasna .

The group tabooed theoleogy and politios, and
discussed medielne, anatomy, seometry, sto.... The
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th

group wished to be unnoticed by the theolaglesl

et political sontestantes, amxi kReld f{ts meetings

in modast shaguwrity.... The Royrl Seciety'sz rela-

tive lack of interest in ths social relstion eof

sclense sinse the end of that ocentury [17th] wn-

til today 1s a reflection of an unshanging cen-

oeption of the relation 25 ssiente to socolety in

the intervening perioed.

One can wnderstand why ths Royal Sosiety avolded the in-
vostigation of preblems related to politics, by noting the
fate of some of the individuals who dared to question the pe-
11tieal and religlious ideas of thelr time. Joseph Prieatly
(1733-1804), who i3 noted for his achievements in chemistry,
published im 1767 a treatize on the History end Present 3tate

of Bieotriolty wirieh eontsined some origirml work, MHe was

ale0 2 wminister of religion, His inquiry into philosgphieal
snd theologleal roblems wes not appreciated by the chureh
authorities, and in 1791 his chapel, house, anxd laboratory in
Birmirgham, England, were burned and wregked Ly & mob, He and
hia family esoapad, Bat all hie books, notes, and laboratory
squipment werse da.tfa:od.

There 1s arather type &«f relatisnship betwesn physioal
solenss such as electromagnetio theory and the acolal soiencss
whish ia not eell understood. The philosophlcal idessx of soi-~
entlists who have a slear and comprehonsive understanding of
thelr work in relation to the strivings of mankind throughout
history have a potentiasl effect upon the solution of soclal
probtlems, The following gquotation from Xarl ¥, Darrow 18 a

sszple of such a thought.



«ve All that ig perpetuel i something of which they
2ll are ande, innaroating 1tself In ail of thea hy
turn, wnd pesalng unizpeired froxs form to form, For
thiv impertsl substance the loeest Inadeguate name,
T orosums, ja "onsrsy”) the neme ie of 1ittle cen-
sern, To this have wa coas by applying the mathods
of phyeles t9 the rubbln: of ambar snd to all that
Iollowed from it how great = way, f1'om 8o humble

a begimninzl The stone whloh g0 many bullders re-
Yepted bDegamn the cornerstons af the lemple; the
littie effsct which seausd &5 trivial (o ao many

¢f the wiss becane the key €9 wisdoum, and supplied
a physical meaning t0 twe of the moet ancilent
tenets of philessphy. Atoale theorlez axiasted

iowy mgoe, but oures iz the generatlion shieh, first
#f ell in nistory, has geen tha atea, The bellef
taat all things sre made of 8 ringle substancs l1g
old as thought ltself; but ours is the genaration
wiileh, first cf =1l in history, 1s able to regolve
the unity of EKature not ss a haseless dogme or a
hopeless aapiretion, but &« principle of selexwe
hased on proof ss sharp and clsar &c anyihdng which
1g knoven.

There are, of course, maxny othar social problems related
in same way to eleotroagnetio theory, but they cannot be all
aentionsd Lare. An sleetricszl englneer gannet go into detail
ragarding all reletsd problams, but he mugt teke the reaponsi~
bllity of seeing that the appropriste speciallsts sre sxamine
ing the phases of hiz problem whileh ile in thelr rssjpactive

flelds of speoliellization,



Vi. HISTORY OF TH. AFPPLICATION OF LZLVCTAOMAGNETIC
THEORY TO MICHOWAV: YAVZ GUIL.L TRASSMISSION

45

A. Lord Rayleigh {1507)

In 1897 Lord Hayleiph analysed the pasaage ©of glectrie
waver throuph tubea. e tosit the omse of 2 dielectric cylinder
Infinitely long and of'arbitrary croge~ssotion, From the wave

equations:
Ve

&}

A E = "%‘I’ ¥ (17)
Ll R -#- 'r/-‘(lﬁ)

and the bountery eondition that zoxponentis of eleetromotive

iﬂ‘t.*i:

intenslity parallsl to the econductor surfece ehall venish,
heo obtalned two solutions. The longltulinal direction is
the s-axis and ¥ inp tne veloclty of light. P, G, &nd R
are the x,y, and & sompconenis of R and a, b, and o sre the
cosponsnts of B, ) _
K = 3;' - a' 7 9] kTTF v

k ig lixited to rertain deflnite values.

He obtalned a solution for vitrstiocons of the first
clase in whiah Ex O at tre boundaries Dy using a solution
for the free traasverse vibrations of & stretched acmbr;no.

4R
Pztadx Rz R

a:kﬂ&?
(20)
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p1if b= 1pk* a&x
(16)

For vibraticona of the second class in whioh R = O

‘* ﬁm
o = - ik g °=0
R

taroughout, ths problss wes sisllar to the owse of the two-
dimsnsional vibration of & gas within a eylipder whizh is
bounded by rigid walls, or the vibratior of & liquid uoder
gravity in s vessel.

Pz-{i&f

g = 4o
dx F= C
{21)
48
e %’ ax ¢ =0
b =
S
‘_/1/,.» .-r‘ \
' R R 1'/3
Far s restangular cross-sestlion with wall widtns -

ot and £, he ebtalned ihe followlng solutlons:

I/.

First Class: R _ _d{ss+pt) . ‘g“g;) sin (1' gﬂx) v (22) 7

Second Class: e = et (ZB*PL) of (H';';';’ cos (’iifé?l) 23y © 7
2 pn {(l p ‘./’E
K= (g?"f?’ V' (2a) ros

wharo‘" and ¥ are integers.

For Cirailar oross-soction he obtained the following

whore r' is the redius of the oylinder and n is an integsr:
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First Class: R = e*‘““ptj :u(kr; o8 n, (25) . Pl7i)

¥ is Iizived by J (kr') = 0 (26) v R
the sualleet kr' being 2.404

Seoood Olaas: o= ol (BB*P) 2,(kr) eos n (1) - T 7w)
k is limited to ikr') = 0 {28) €ida’

the sasallest kr' being 1.5841
The equations for the other conponents can be reedily
derived from these equationa.



G. Related Devalspments (1887-1936)
£1% 47 48 49

Bondros and Debye in 1610, Zahn 1in 1916, and Sghriever
in 1920, mede investigations af eleetromagnetlie waves in die-
lectric wires whish were related, but 4id not bhaer directly
on waveguide tranasuzlission. Hellow nmﬂmtiﬂg sylinders de-
soaribed by Raylelsh warse luvestlgated by SHergmann snd Eruugc}.w
in 1934, who measured the fleld inaide a short eylinder and
the radiatlion Irem an &poen end.

More thorgughk inveatigetion of wavegulide transmission
waited frem Raylelgh's theeretical investigation (1B97) un-
til more powerful teahnldques of geprerating aml reselving radio
wavas wnérs developw! at leswsr freguenglies and than sextended

to tha higher frequencios,

Ze Indepanient tork of Harrow spd Soutbworth
In 1938 beath Bm'-n of ¥.,1.T. ard ﬁmthrorthag of
0,7.L. independently published results of investigations of
elactromagnetic weves In hollow tudbes of metal. They took in-
%0 scsouni the dlelegliio constant and permeadbility of the di-
sleotrles filling the hellow tubes and the conduotivity and per-
meabliity of the metel conduotor, so that Lord BRaylelgh's
srmlyslis was eaxtended to practiocal aaeses, At B.7.L., the nathe
saatiocal theery was invastigated by Carson, Bead, and 3ghel-
mmtr.w The attentuxtien va. fragnancy ocurves for four
xodes in oylinirieal wave gulde are given ian figure 4.55

Barrow gsve the attemmation curve for the R, mede,



The different nomenclatures used for zodes 1n wave ulde

are:
lst Clase 2nd Class
Lorgitudinel Transverse
E-vwave He~wave

Transverso LMagnetls

Transverse Eleotric
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V. Pundsuentel Developuents {1936~-1041)

Hrillouln analysed the results of Southworth and others

ef 3, P, L, from a polnt of view aof icterferencs and reflec-
54
tion of plane waves, Pare and Admns aleo mhowed that the

vaves investigated at X.I.T. and £.7... aould be eonmtructed
55
from pleane waves, In 15357 Seheslkunoff published a peper

on the translissisn theory of Dlane slesctromagnetic wmuves,
56
including gulded weves, and Southwerth publlshed teo papers
7, 58
on experimentas with wsveguldes. In 1938 Chu arxi Uerrow

reported s mors complete study of transalssion Ain restangular
59

wavegulde, Clma aled publlahsd an analysia of elliptic wave-
80
rulides,

Hrillomin analysed the staollity of different moles for

dafersatlion of erces-section and the transition from ellipti-
61
aal to rectanguiar cross-section,

Sarrow &nd Oreen analysed the radistion from open ends
62

of rectangular waveguldes. ansent pablishesd e paper on
rego-ant covities of gyllndrlpal, aquare, epherical types,
inaluding 20 analysia of 2.65 The simple forxs of resonant
eavitles sre darivesd dlrestly from weve guide theory, In
1930 Hanseen and Miohtmsyer publlshed s study of regntrant
type Teaonators sultable for Klyastron Olelllatorn.b4

Serrow and Clm develipped eloctromagnetic horn by use af
tepered wmave guldc?aysgnrrow and Sehasvitz in 1941 nade &n
analysis of felded wave guldes, including septate coaxial

67
sable, Darrow and dleher in 1940 published sn analysia of



the firest twelve aodes in coaxial, oylimirieal, and trangi-

tien type regsonatore 1o which & ghange in llines: dimensions
&8
wa2 shown to teuss a proportionate change in wavslength,

Condon published a paper on the gomputation af scupling oo-
69
efficients and ixpadancs of resonant cavities,

In 1942, slater publlshed a book on misrowave trasnsmis-
sion.?o Selected Dibllographies covering this period of de-
vslopman; eppear in books by Skilling,71 Turnan,vs and Se¢hel-
kunnrf,?o Kore complets biblicgraphies are included in Looks
by Lamnnt,74 Brainard,vs and Sarbasher and Ed-en.vs Chapters
on waveguldes are included in books by Hare amd Roed,vv and
by Tmmoe and Nhinmsry.?s

2. Pragtieal applleations (1941-1946)

After the fall of France in June, 194C, Orsst Hritxin wss
rubjecsted to terrific bombings and faced 8 threat of invasion,
The development 6f aserial interseptor radar for use on nizght
fighters to reduse the Jerman bowbing raids was pushed., The
sasaacrusetts Institute of Teahnolegy RKadlation Labursturyls
was established to develop & miocrowave radar, since the Lirit-
izh, who had slready developed longer wave rsdar equipment,
sti'e short on pereonnel and facllitles. Lenger wave radar
eguipsant develsped previously by the U, 3, Aray and U. &,
Yavy are nat meaticned in this seotion on microwave radar.

Comxlial linnz were used in the carlier radsara, bdut wave

guider were used in tre shorter wsvelength radars and some



of the highser peower readars put into uase leter in the war,

The prastical use of wave guldes was dependent upen the
development of high power miorcwave Caclllator tubes, High
pover magnetrons were desvelopad durlng the war.,

In general, ordinary transmiseion line theeory was appllied
to wave gulde transmiseion line design rrodbleme znd correon-
tiona neesded at functione doterulined by empiriocal maasuremsnts.
Cempenents such as adapters froz goaxla: line to wave gulde,
transzit-receive tuba savitiea, rotating jolnts, T-junetions,
frequensy meters, sttsmuators, directlonal souplers, etc. were
degizned partlelly by thecretlioal analysls and pertislly by
enpirioal datz for partioulsr frequency bands.

As the war went on, mors edvanses wers made in the aathe-
2aticel theery,

In the developmeant of radar gsoaponents, it was necesaery
to devolop satisfactory esonnsetors, berds and junctiona in
wave ulde, N, H, Prank investigsted Jjunetion effects in
wave guldes in 19{1.79 Frank also inveatigated wave guldes
peartly filled with dioleutrio.ao the similaritier and differ~
snces betweosn transtisaion lines and wave guides.81 and tapered
wave guidua.ag Chu and Frank analysed T-Jun.ctionua5 in wave
gulde snd prepared dealgn formules and eurves In 1942.84 In
1342 and 19435 Prani prepersd a handbook swusarizing important
foraulas and espirical dats useful in ths desisn of wave
guldn cnmpoaantn.ea In 1943 B, A, Bethe published a thsory

8&
ef wava guldes of wrtitrary cross section, In 1943 the



a7
theary of cbstasles in wave guldes was extended by Schwinger

arx] further anelysis of Dends in rectanguler gulds was nade
8t

by Mershal:. Expsrizental data on ocorners, bends and tuht:
8
in recotangular gulds was published by H., M. Wslker 1in 1944,

and mathematioal analysis by use of' Sahroedingsr equation with
90
varturbations wes mads Dy K. Riees,
63
Regonant savities ware developod fellowing !anaen for

mepsuring frejueney, for uas in transmit-recaive switches,

for stabllising oscillators, and for messuring sensitivity ef
o1
readars. Slater inveetigated cavity resonators in 1942,

Bethe und farshak made & theoretical analysle of the trens-
g, 93
aRit-recelive awiteh in 1942, 3ameal end others at Bell

Telephone Laboratories were working at that tixzme on gaa-dis-

charre tranmmiteroeceive swltches, Thelr work is summarized
94
in a 1948 artieles.

Bathe ani Sohwinger made further studles of resonsnt
85
eavitlies through use of perturbation theory. The soupling

of resonaters toc wave gulde wxd similer prodlems weres inves-
101 ic2
tigated by setheor ¥7s 96, 99, 100 gy T 4L k., Hetna,
- 97
Bethe, fuhﬂ.nga-, garlaon, and Chng; and BEowers, Hurwitz, and
o3
Lavine., Experinental dets on windows Iin wave pguldes was
104 106
reparted by felker and Siechak,

In 1942 Penn raported sxpsrimental woritc on the use of
. 106
resonant savities called "echo boxes" for radar teating.
A resonant gavity was coupled to a radar so that the energy

in the resonant savity was bullt up during the redar pulse.



Then the exponsntial decay curve sf the rssonater aould be
sbaervad on the radar oacllloacope. The tise 1t Ltook for the
echo" aignal froa the rescnant eavity to decay to nolss level
was ar indieation of redar performanse. The development of
sahio boxea at Bell Telephone Laboratoriex ls reported vy I.
G, %#llson, €. ¥, Soimeams, and J, P, Klmn;lw Theoretical
analyzis of wave guide and regsocnant cavity probleus by La~
108, 102, 112, lls,
granglan proesdures wag done, P, D, Orout,
115, 118 108, 112, 113 . 110, 111
. H, Painter, A. Danos , Jr..
J. 5., %olf devsloped an "oeho line" oonsisting ef a long wave
guide for 1 am. range wound in & ocoll 390 that the rafleetion
from the sherted end could be used for rader tuting.n?

The need for a relisble methed of ecupling from wave
puide te teat squipment led to the development of direeticnal
souplers in shich the enargy eoupled ocut of a wave gulde ia
not affested by reflected energy 1in the guide, The basle
type conaiata of spasing two holes or probes & quarter wave
langth apart so that the waves going ene direetion add and in
ths sther direstien subtract. The werk of PFethe and Schwinger
on coupling froa wave guldes resulted in improved types of
directisnal eouplers. The theory was summarized by Lippmann

1le
in*l94s. besign ocemsiderations have been sunmarired by

P RY
He 44 Farrisen,
A method of making rotating jeints in rectangular wave
gulde by unalng the 'ﬂ‘:l.o mods 1in reetangnlar gulde and trans-

foralng to the ”0,1 msode in olrocular guilde at the rotating



5

Joint and then back to T’EELQ wode in rectangular guide was
120 121
deaoribed by Preston in 1W42, F. 2, shlare daseribed
improved designs in 1945 and @ii. K, Ferr122 developed a thsory
te explain tha resonanes diffioulties of such rotating jfoints,
In 1642 E, 0, Linder showed that wuvs gulde smaller than
eritical sise bs: sttermation that approaches strajght line
nnymptutiaally.lua 3. 3. Sydorisx developed wvarlable attenu-~
sters using wavo gulde beyond outefl te get attermation linear
in decihels for lavge .ttanuatlon.lz‘ A spesial wave gulde
in whieh ths sross-sestian ochanges with length vas used to
make the guide mavalength shortsr than the wavelength inm alir

for use in nierowave antenna srvays. In 1942 G, G, Harvey
128
reported on sorrugeted wave guildes. Sleterts thesry of

linssr slet magnetron waes applied in 1944 tev eorrugated wave
fulde by I, t}emnm.wa

In 1941 bemch testing asQuipment wag developed at the
¥.1.,T. Hadliation Lsboratory for msasurement ¢f wavs guide
oanpensnts at wavelemgths of arcund 3 centimetera. In 1042
sufficlient couporsnts and lrstrozents were designed for ox-
porimental werk around 1.20 centimeters tavnlangth.lg? In
1943 the ¥.1.7,. fisdlation Laboratery lssusd a bandbuokran
niarowave toohnim.m Catalogs were lssusd in 19441’:9 end
1965150 sdvering alerowave test equipment avallable from manu-
facturers for use in the 10, &, and 1.25 gentiamsiar wave
lengtl: bands, In 1946, articles summarizing the more import-

ant squipment end teehniquaes for mlorowsve testing developed
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131
at ths %,1,7, Radletion Laboratory and Bell Telephons
132
Laboratorien wora published.

4 series of twenty-nine voluwmes are being pudblished on

133
the wori of the X.].T. Redistion Laboratery Guring werld
War IJ. 4t the time of eriting this paper, this ssries af

bookas hed not bssoxme avallsble.,



vIL, GO¥CLUSICHS

T™he history of elegtromsagnetic tneory hes been exanined
from an engineering peint af view i»m whioh the fumetion of an
soginear “as an interpreter of gciensc in terma of human
pesds” has been kapt in aind., In the shudy of the material
for this roport, it was found nocessary to devals) a porgpec-
tive to prevent confusion over homan nseds from retarding the
study of the phyaleal snd oethematical aspeots.

The past and present espeots of this perspectiveé hiave
been scizieved through sppromching the physisel &) methenati-
cal sapoeeta £irat frox the mganic whole, and then working
downn through nerrawsr aid parrower sabilivislions of ths sube
Jeat tvowmard a sponific physico-mathexaeticel prollexs. The pos-
sibiliries of sstablishing the future pert of ths perspestive
throw h ralzing the Inusp over aan &nd folsnne as shown in
figurs 1 is disoussed In the Appesndix, It appsars that when
A reasonable start has besn mede toward thias perspsctive of
the futura, that the supplementary work needed to procaed
with & physico-msthesstical investigaiion ¢f the applisatiosn
&l slectromegnatic thestr o sone bYranch af wisrowave ®ave

gutde tranamission can pevonesl rapidly.



APPEMDIX I
FUTURE PIRSPECTIVE

The development ef the historical perapsctive and present
parspective has helpad slear the way for futurs phyaslco-methe-
matlcal study, Yot there appears $C be a noad for & halunce
e tainatle through what 1 &3 oalliny the fulure perapsotive.
It {2 poaszible that, 1f thls balanze ig not =zaintalined, that
whici: hee besn sghlevad in the way of past snd pressent pars
apactlive will bLecome & epinte or will becoms meaningloss.

I find thet aome attitudes that existeld prier to the founding
2f tha i‘oyal Soolesty in 16G0 ars still wsith us todesy, 1t ap-
pears thit these sttitudes of usiry strong Gastienal appeal
zoupled with viglense ar threat of vlslznge in the golution
of tho problems of soglety have foread sclentista te turn %o
tha pﬁynlaal aoienans in order to svolid the wiolent sttacka
of people who objeet to the atudy of scolel probleas., This
has apparently resulisd in s failure of the social eclancas
to aghieve tne degree of succsss naeded to supplement thae
greaet pdvanses made in ths physlcal seiences. spparently. the
appliocation of physicsl knosledge, such a3 elestromsgnetia
theery, to loduastrial development has resulted in serious
mslad justuents in our soolety. 7These maledjustmontis sppaar

to lay the Lasie far the dsstruction er radieal change of o
sivilisation,



Tis aituetion sppears to put the physlcal solentist and
%2 snoineer in the poeltion ol accelerating the ccllapae i
garr oivilizatien throush tho fellure of asszisty to provide
for the proper use of the produots of physical sclsnce, There
ara oroanizations proceedia: with angeful reasearch on lmportant
probleny, but 1t is questionabls aa to wh@tﬁ:;j;g;y aRn SOpe
with the nroblems sith the spesd and on the scals necessury
to meet the pregent altustion, This situallion sucpests thet

sosmandous affort shonld He made o Ingresse the rsgearch
in the 500ik. BuLsilue .

Fernape the adoption of svue progra: o pallicy through
which scientists in different flolids would have & =xeans of
diseharging thelyr reaponsibdllitles 1ls necsasary. It apjesrs

e+ gush a program sould require zome kind of overlapping

wa . xvavo we epdnimligatlon Iin order te achieve a3 frultfol
ecobperation and to give experta in one fiels oconfidsnce thet
the other parts of the whole probles, of whiohlh they mre wori-
ing on a siell part, &re ‘elng adequately lnvestigated,

Furthermore, & satlsfacgtery relationship betweern ssion-
tifiec resoarch arkd the pecple must s establiabed in s douo-
arscy. ihe position of the solantistes end engincering mcier-

- oomat be tlat of an sdvisory cepecity In a trus dembera~
By ¢ silde s orsg - ap 0@ 0Obless ¢f educatlion and organiza-
tional proosdure.

A eonprahsnslve study doaling with both physleal and seoclial



phentmena regulres a gynthaeis that would te very difflaoult

to aohisve in an age of exireac epasisliizatier, The Ifolloving
ia a apgpention as to bhow this pesrepeotive ef the Juture aouid
e meintalired, ¥Flpurss L2~2 Lllustrsic sone agspocte of the
provlen af the attexpt to obitaln a synthesis 4in 2 sltuation
whare axtroxe spsslalization Ls neceessry in ordsr to sabka ple
vansas in our sclentifio woowledgs of nwtursl pheanzenc. The
plotting of « meamye ¢f oncts speslallretion sgalnat type of
paanaaens utilizes estns of the idses of luguate Comte, Earbért
3pencer, a?f L.ester %’ardlM together with some of ¥. 4.
3nrok1n'lloa aritlelan of thelr slusslfisations of (he seoi-
ansae .

In figurs 54 sonsider a casze whore an snglosor {(a) work-
ing on problecs in which e 1s applying our krowledge of physi-
aal phenocena to the design of instruments for 'rman usza, If
hs aszunaes the responsibillity of considerin; the relatad so-
cial problems he must censult a soclal zotentist (&) or teke
tima cut from hils pelmary work te study soclial phenoxzans Lilm-~
g6lf'. Ususily he €oes not tske tlas to atudy soclal phenomena
hxaaelr,15c with the exesptlien of some phases ef sconcalns.

If he oconsulis wlith a gooial solantiet there may be Jifri-
culty due to sech spesislist pot kmowin: erough atout the
other's fleld te erfiglantly conelder the prublomc.lS? Ir
eno person tries to spread the time usually spent in atudy-

ing in ove field over the whole range of natural phenuuens,
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speeifiel nere.

Figure 5 - Soelal Use Of Scientifle inowledge



bne wonld not ¥now very muich sbout an, clase of plonGasne 85
iliustrated in figure 5¢. Tao bdesoir an axpert in oll flslds
g3 1liustrated Ly fijure 3¢ would regulr: so mech tize thet

ene rourld net %o able Lo make very moh uses of one'r knowledrs

e

af tar aoquiring Lt

These problems sojissl a solutlon which aay be alresdy
practiced in spao fieids, vat uot In others. in ldesl met-
up might be to have a geprtsin rmaber of aelo golsntlats sho
spocializs in narroes flelids Llke figure DA, In adadition thore
pizht s a cerials mumber ol erinsering salesntiels sicllar
to the physlenl englneeriny svoisntist ashown in figpure U,
These enginsering 2elentlist: would hwve fralninge bausd upon
8 2recialized study in one field, but oot se zpecialized as
the Daslo melentists, combinod with an elexsntary training inm
eevoral other flelds., Then comaltierss o) englinserin. selan-
tlets {(physical, shemical, bLlolopicel, eonizl, etc.) might be
aore sdegquately prepered (9 apply thes disgroverler of the bagle
sciontizts to soalal use as fllustrated by figure 5.

“hen the snginsering scientlats arrive at rescasendg-~
tions, thers muet De educstlional procsedurea to dlsscexninate
the idasz., Alagy the pgeneral public must know mors shout the
solentifie method, To avoid walting a geaneration for esch
step forward, aduli sducation must he sdeguately utilized.
Orgenlzation must proceed zlong as demacoretio linas aa sre

pesaible undar the circumstsnmes. Eveintionsry chengs mmst
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be in progress all the tize to avald revolutionary vheryes
in soclety,

Thers are poae places wiare ooBperation aven, spscialists
i: sirsady proeecilng. demarsable success haz een cutzinesd

hy the Tanneases Talley authorliy 1n cetiling experts frio: aaany
138
specisllizned {iealds ¢o w2 tho whols victure. Hocumaitiea

of “,l.T. and Harvard Yaoulty has bear: psteblished to axplore

the posgibilities sy culperative roasarch ond actien Ly Ao-
139

¢lal g phyeiral sciantliete In the [ield of ctomle enorgy.

Sith there and other aling of potantial establisiimsnt of Fue
furn porspective, 1i sesns arsroprists {0 conolude witlh the
words of Lhe Lov, Frank %, Siorratt:

“a mast keap 1t cleariy vefore us that our geal
12 not the mere oreating of materisl things, nor
the contriving of new waye oL snjoyment, but the
making resl, lasting and accessibis ko men of good
will sverywhere a 1ifo not soft sl easy But worth-
whilz An & world of friendly noighbors. 14

Lany @ battle bae heen lost bassusze men lsaied
canl ldences in the outoome. That has not been
gharsateristic of the Englinser. lis is mocustoued
tc face bard fasks demunding his best., The rsbuild-
i end the restoring 2 an erderad world present
such a groblem, Dome of usg will have a part In 1
But we n§1 oan help by keeping clearly hefore us
an understarding of a worthwhile purpose and feith
in 1ta coprclusion, In such a view, it seeus to me
there 1is a continnin§ alnee of dignity for the In-
ginser of tomorrow, 14

t,
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