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PREFACE

Mearly evaryone belisvee that gravity is a force emanating
from matter, but‘just how, just why, nobody zeems= to kpowl Im the
gcience of physics puch is known about selectricity and magnetism,
but of gravity, nnthiﬁq really, with the exreption nf the inverse
equare law of Sir Tsaag Hewton, which wa know gravity cbeys.,

This treatise presents newly discovered unigue and shrartling

properties of one of our induced electric fields. It gives this
field a new statua ameng our field forces. Its unusual proparties
are pussessed only by gravity. Wwhile it is too early to claim
complete ldcentification of thie field and the gravitational field
the simllarities are amazingly alika.

Blectricity and Magnetism ware once bwo Beparate sclences.
In 1E20 Bans Christian Oersted observed that magnetic flux w#a
always looped about a current carrying conductor. Yhis discovery
Eefveﬂ to unite the two sclenves af Electriclty and Magnetism into
pne, that of Elactromagnatiam.

aring World War. IT the writer, Hnrﬁing on an 1nu#ntidn for a
ndrift amd ground speed meter for aircraft® arrived at a plan for
utilizing the vertlcal component of ‘the earth's magnetic Field.
If the woltage induced between ithe epnds of two orientsd linear
conductors travelling ﬁurlzantally across the vertical component
could hé moasyred wilhin an aireraft, 2 self-contained mebter,
independent. of ground ipstruamentalities, world be forthcoming,
The plan was reviewed by the D.5. Burean of Standerds, and its
unrkﬁhility confirmed undexr a certain restriction. It waes statcd

that the device would be incparahla within a conducting eavity



such am & metal clad alreraft. ~Our textbooks hava taught une that
whﬂ; 4 linear conductor moves with a velocity V across a magnetic
flux of inkensity B, an electzic fleld of vector intensity VxB s
induweed within the wire apd gives rise to a voltage at itz terminals.
This electromagnetically induced electric field often called a

_ motional elactric field, we have been taught, would be electrostatic
in character, that is, identical t¢ and indistinguishable frem an
alectric ficld arvising from charges of electyicity. We know that
radic tube#, gilvered on the inside surface; shield the interior
from slray electroztatic fiaelds. In the same way, it was explained,
euch a drift and ground speed meter within a metal clad aircraft
wonld ba Bhialdeﬁ.fnum the slactric £leld induced in a conduciaor by
motion ;cynsu the wvartical component of the earth's magnetic field.
Thie explanation was a Jolt to the writer. How could we knﬂH; with-
out experimental evidence, that such would he tha case? Thia pre-
éentaﬂ a great épallenge! SO of the foremost thinkers in physics

werse consulted, It-ﬁas discovered that there waz no Egpariﬁental

evidence to support the popular belief held by physicists that the
motionally induwced VxB field was electyostatic in its fundamental
character and therefore subject to shislding, It will he shown
how, step by step, the wr@ter has been guided over a peciod ofF
twanty years to experimnntal means which at last raveal axperi-
mentally, beyord 2ll doobt, the heautiful unique properties Of the
motional electric fiald, ItxiH ot electrostatic! Tts immonity
to Ehiciainé. magnetic or electrostatic, is the exciting_prnburty
which it sharez with the gravitational field and thereby indicates
their Einship. By & general theoren in elactric field theory we
know that a non-oniform BxV field must also act attractively on

matter! Thus the motiomal cleckric ficld has aequired a status



which makas it guite unique. -

Guided hy theory the inventor has bulit+ a generator of the
Bxv Fiald which projects its field imtc the surrounding space.

The writer calls this artifically ganaraﬁnﬂ field Elesctrodynamic
Gravity because it simulates gravity. Although utilizing princi-
ples of magnetic fielﬁ suparénaltinn and electromagnetic induc-
tion, the product fi;lﬂ, BxV, likn-thﬂ.quvitatinnal field disgplays
no evidance that magnetism plays a part in its generation. Tike-

] wisn it is frae cof electrostatic characteristica, Althouwgh mag-
netie flux is moved by the generator there are no mcechanically mow-
ing parts.

Thn‘gni&ing concept employed by the inventor was first set
forth in 1957 by E. G. Cullwick.® &His research had led him to the
conviction that the magnetic Flux loops discovered by Oersted were
actwally in motion along the linear conductor in the direction of
the electron current giving riga to 1t, and moved with the electron
ﬂrift velogity,- Our moticnal electric field genera;ﬂr gemonstrates
the correctness af the foregqoing prediction. Its aﬁératinn makes
nze of this movement of flux to ganerate {(the BxV field]l im space
about the genmerator. This confirmation of Cullwick's prediction
is an experimental contribution to mnﬂérn electronic theory and it
has all the earmarks of being the welding link which ties gravita-
tion to elactricity and megnetism., The cerated flux, First its
diecovery, and now the diszcovery that 1t nnvﬁs.with the electron
drift velocity giving rise to it,.thuﬁ halds a2 onigoe fnlu in.the

process aof weldlng the three scicnces into one.

* B, G. Cullwick, Flectromagnetism and Relativity, p2d5,
Longsman Green & Co. -



The e gensrater aifords usaful instyumentation for directly
mzasuring alagtron Arift velocities in metals, mE well 2= experi-
hehtally dﬂterm;ning the numbaor qf conducticen electrons available
at verions Eanpu:ntq:ﬂs. Thus, it provides a new experiwental
method of investigation into the realmm daalit with by the Fermi-

_Pirac statisties. Theoretically, this device.hulds exciting pos-
sibilitiea of great utility at very low temperaturea, If suffi-
ciently intense flelda can be obtained by the use of superconducting
Einr:ur generator.at low temperatures, as we have good reason to be-
licve im possible thc phenomenon of attraction and polarization of
materiale by this fileld can be studied. This would immediately
bring into the realm of possible experimantal demonstration such
cffects as weightlestness, artifical gravity, and anti-—grayitational
effects, This achicvement, the writer believes, will be no moxe
difficnlt of attainment tham that which has alresdy been demonstrated
exper imentally.

Should success follow the forthcocoming planned cryogenics {(low
temperature) exparinents and we flind that very intense BxV fields
can_he generakted amnd identified with the gravitational field, the
pramise of wtility to humanity would be bevond all description.

Free alectric powsr from the earth's gravitational field would be
obtainabla anywhere, under the sea, on earth or nelghboring space,
o tha moon or the planets!: Gravity free lghnratnfies oh earth, and
artifical gravity in espara craft ~ these are s of the passihili-
tiea! Hith such promises En the harizon it is difficulc fﬂ# the

 writer to :esi_un his ocars for one minute. This treatise therefore

goes forth with “Great Expectations!” -

Saragota, Floxida ]
- Pecenbor 1949
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¥EW HORIZORS IN FIELD TEECRY

Tt roducEion

¥orty years have pesscd since Max Moaon snd HarTen

Yeever wrota in their celebratéd bookj The Blectromecmetic Fiald:

The front scientific task of the xmext Tifty years

in the develceront of a new electromapnetic theory.

It 15 impoassible to Foreczst the form such a theoary
will taks, o prestly arg we prejediced by our

Preasent views., 1t wil), hovwever, dovbileza be bosed

on B m:mtitﬂ.jéiva dancripition of the inmdividus]l behavicor
af charges..

The new physios under the leadership of such nmen as Einatein,
Flanck, Helisaxboxrg, SEchrodingar, and Bridrrmsan, has produced & series
of lrnlaiiuscnpia changes in ciassiu:sl conoentB. The contributicns
of the first four of these iive mon have baen well ineorporotad into
our modern textboolks, It is tha work ol Er:_dmwn,jhz.ﬂ philocophy o8

anabodied in The Iﬂgil: of Mcoderm FPhysica, wid poraphyroosd ag "Tha

Operational Viewpoimb®, which has e & lexrra extent inmpired this
treatine, end provided a beccen of (llumineted thinking to guide
conteoporary phygdicista in the devoelopment of new ideas, VYhst Srddp-
ran has done is to show ws how the advent of relotivity theory hes
nade it nocezsnry to toke engni_mancn of the fast that new phernobena

arring Into azdistence as & ¥eplt of Intxoducing into an experinont

2. Hox Macon ord Wersen Vleaver, fthe Elec"n:én-_vmﬂnat:‘!_t: Dy,
p, xii (Univ. of Chaiccco Preca, 1929) ,
: 3. P,Y. Eridowen. The lorsie of lNodernm FPhyoidces. (Heenilien
Co., 1928)




nuthina_mru then motich or A chanes in potion, Ya muest be awara of
sspuming that becauss of the fact that similarities eriet batueen old

ard new theoomena thet they are negessarily equivalenmt. Teo ba Bpecific,

let ua sgedn tum +o Hnson end Hmnr4:

T oenmoet he urped +that it hop been shown eperdwontally

that moving fircuiis md chenging oorrests are rigarcusly

sguivalant g3 rogerds infuced cleestromocaetic forces...Xt

In vary -camy 0 let tha noiniion osrry the burden of the argmncnt

...a.ud +p hold thet the valus of cuxl B iz related to the rate
of change of B in cvery case in the way stated by the...oquaticn

{curl E o —pBf3t). It is ioportont vo point out, howewver, thkat

by oo doing one nay bes overlooking something of fundomental

- phygical, impdrtaties.
It is thia "something of Fondencenmtal plhysicel importance® which

ig overlocdked vhem tiwe so-cmlled "principle of aq,nimlenc-e" im Bplictd

without rigorous sxamination emd mnnlyrin. Fhix iz the vory essence of

Eriﬂgm:m‘ 6 thesim.

fhere in no evidenca that the subject matter of elecliromagneticm,
ainca ita earlinct inception, hes ever been given the Bridemen trosimacnt.
If wva dosire to kesp our fi.l'h:rt- sroyth on colid saieptific ground, we o-
faeed Uith the neesapity of raview and revision pf old end new concoptl
which dopinate thinkimg in the directicn of ita dlnevwiteble oxpension,
We neaed ruoh 0 logan hov .. .grestly ere we prejudiced by our proscs
vieya', In erdor ¥oc mnale wey for the naxt great brealrthrowsh in phy=ice
wvo ragt First coma fooe to foace with faots tiet reveal how greably ouvr
presant ooncept of fields ia regtrieting ocur thinking and limiting our

Achi avemantn,

4. Inid,., p-. 2H7.



An sxanple of ono of the groatest Blind spots (o Swrend p-npular Held
theary will Dlusoate this point. This blind spot, due to an aasumed
concep! , has bean upheld by some of owr moes1 brillisnt mathematical
phyzicists., Jo dogwmatic aml oompletely certain of the accuracy of his
pasition was one that he coniributed the following jingle with which to
sopport his conwviction:

There is but ope Gad Allah,

And Mohammed ig kis prophet!

Thera 15 but ope oiecirlc field _I'E.r,

And Maxwell ie ite prophet!”

That naturs has provided ua with but one field agency which
aﬂn_alaratﬂs elactrons, one slactric fleld, and that one alectrostade in lts
furdamenial character, s perhaps the greatest of all owr current prejudiced
and arronecus views, Hone of Faraday’a famouws experiments show or jxove
the existence of but one eleckric field in patwe. It 15 Ma:_twnll's translation
of these experiments into the langusge of mathematics that beaar ths tacit
assumpiion of only ong such flald. But Faraday left us & word of warning:

. - - & conaddering the conetant tendency of the mind

tc rast on an assuuption, and, when it answere every

present purposs, to ferget thar it 1s an assumpdon, we

ought to remember that It, in such cases, becomes a

mrajxlles, and inevitably interfers, more or leaz. with

clearsighted judgment. (Fhil, Mag, 1544}

It wit] be shown with MEMEI and theoretical proof that this
assamed and preidiced view is incorrect, Indeed it 1a a9 obhsolete as the

concept of 20 abom as bedng a single indivisible particio, amd ap cheolete

5. J. Slepian, "Electrogtatic or electromagnatically induced
electric Held ? " Scientiflc Paper 1451, Westinghouse Research Lalratxy,
7/187/49,

-3=



a3 the concept of a single atcrm for sach alament. Tt i3 as m:eulinﬁﬁ as
w&a ths arguments of the famous Professor Bimon Newcomb, reciplent of
honerary dagrees from tan Furopean and seven American unlverslties, who
was demonstrating mathematically that man could not fly, while the Wright
brothers were assembling their aircraft at Kitty Hawk, Simply becamga it
can be shown mathematically that an slsctrified particle will fraca 1dmt.t¢ﬂl.
tr-uiuctnrh: in sach of bwo types of Halds, is no proof that these fislds,
these nccelarating agencles, are equivalent and identical, Penetrsting

- poasessed by some

properties of flalde, pende)
and not by others, have no mothematical repregentation In auch so-called
proofs, Tence the proof 15 not vigorous bacausa it does not Inclhixia akl the
field yroperites. |

A second modern prejudice, an aspumed concept, which has gained
considerabla popularity, is ora which states that "tha whwnle concept of a
magnetic Held 18 a fiction, *B )

By combining the two conceptual prejudices, "one slectic field®
{or its equiwvelent, eleciric charges pnly) and "no magnetic field, * Moon
amd Spencer’ have produced what they teem “A Hew Electrodynamics, " which
appears on the surface to have revamped the whole plchare of slscomagnetlym,

In which no referemnce i= made of felds, and the formulation 12 in terme of

charges and thelr motiong only, 1t would appear upon Hirgt examination that

6. P. Moon and D ,E, Spencar, “Electromagneticem without Mag-
netigm: An Historical Sketch,” Am_ Ji, Phys., Vol, 22, p. 120 {1954}

7. P. Moon and D.E. Spencer, "A New Electyod ynamles " Jourpnl
of Tranklin mstltute, Voi. 257, p. 3E9 {1954)

-q—
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the guccess of their endeaveres would constitute a basis for establishing

th_a \r;aritﬂ' of the two basic agsompiionsz,. But this 1s not tha '.'::vnsa..r as will

be shown. The Bridqman Westment of Maxwsll's aquations nlm-!.ﬂ_&a the
Rparadoxes and ambiguities previously associated with them and in so doing
it retains the intrinsic valuas found in electric And magnetic field nnnnEpts.E
Both the Maxwell equations and tha "Naw Electrodynamica® formulstion take
oh new r183ndngs when 2oalyzed in the light of tha Operational Viewpoint
wged by Bridgman. We will go imto this subject in tha mact chaptar.

While Moon and Spencer claim that the complete elimination of all
refemniGe o elsciric and magnetic fiald concepts in their fommulation xings
it to "a closer contact with reality, * ta the writer, this constihrtes rather a
flzeing from the raality of flelds by burying one's head in sand, like an
ostrich, whersin only sand panicles can be 3een, hnd ona's body remalns
in a variety of teeming dynamic forces .

The idea thet magnetlsm may not have physical reality becanee alac-
fric currenta which glve rise to gortain agspects of it may be mplm::rqd in the
equations by moving chargea hay been given much conslderation. Page and
Adamp in decussing elementary charge and the force equation state, “It is
often gtatad that ne magnetic charges exist in nature,. amd that therefore the
terma in P‘H in this equation are without physical significance, On the con-~
trary, we shall show that, if every elementary charged particle contains alac-

fric and magnede charges in the game ratioa, no electromaguetic exparimant

4. F. Moon and D.E, Spencer, "Some Eloctromagnetic Pamsdoxes, =
Jourpal of Franklin Inetitute, Vol, 260, p, 373 (1955)



can reveal the volue ofe<-~Therefore the fleid equotions -— and the force
uql.iuunn -=— bepome —- identical in form ﬁﬂi the equatons — obtained on
the agsumption that only -sleciric charge exists in notiwe. There is no ex-
perimental avidance, thergfore, 1o Justify the common agsartion that only
electric charges and no magnetic charges are present in the workd of ax-
perience,” If the reverse were true, or if electric and magnetic charges oo
I:l;ﬂ'l!d combined in any Hxed ratic, all slectromagnetic phenomena would take
place in exactly the samo way, Mo cleciromagnetic experiment vould revesl
the propartions in which the two typas of charge might exist. ug

Thé ;::ncapt of electric aml magnatic Helds possessing Intengitias
and directions, susceptible to direct experimental measurcment and mapplog,
i= one of the most fundamental and slemental realities of elecoomagnetism.
Pue it i5 that perplexing and incongrucas problems in fleld theory, heratofora
seemingly Insolyable, have plagued it, and Indepd these problems are largely
responsible For the current trend to avoid fleld theory, sspecially megnetic,
wherever pogeible. It is right in this ares that Bridgman's Operational
Philosophy comes 10 our rescut and affords a solution which 1s both satig=
Fying and tHunlnating,

Eleetiric and magnetde flelds are manifestations of {oroe, and foree
15 always associated with anargy, Cur understanding of the enargy nature
of slectric and magnetic fields up 1o the present time appears cloudad and

uncertain, A glesr adeguate descripdon has not been found by the wriker

5. Leigh Page and Norman I, &dams {Yale University), Electrody-
namics, pp. 210-211, {D. ¥an Nostrand Co,., 1940)

—&-



[o any contemporary text. In place thereof iz found confusion worse con-
fourded. In order 10 fully comprahend the slgnificance of this treatise we
mugt have some acguniniance with the pregsent status of our knowledge of
ields, both anorgy-wise and otherwisa. A glimpsze of this state of affairs
may be gained fram a faw quotstions from The Electromagnetic Fiald, 10
Bpeaking of the spacial dansity of electric and magnetic eneygy and of the
Foynting Vector which mezsures the flux of energy at any point, we read:
“The authors do not pretend to understand these concepig, but diseuas them
Ba adequately oz they are able.” They further say that they ". ..ar= oot able
to ascribe any aignificance whatever to the phuase localized energy’, ™
Notwithstanding theas views, thay state, "Ihe hypothesis of a spacially dis-
lribuied electrostatic energy of volume denalty has, however, playad a large
roie In the development of elactromagnetic theory, "1l And again, “In both
electrostatics and magnetostatica, encrgy denshies inlspﬂm have, t& be sure,
been calcutated. "12 1t i5 an cbfect of this treatise to complately clarify

thig area of elactrie and magretic feld ensrqy.

Energy. in the many forms it assumes, appears today to play = leading
rola in the great drmma of physical sclence, Whether it iz kinetic ar poten—
Hal, mechanical, electric, magnetic, electromagnetic, binding energy of nu-
clear structure, or any other of its myrisd manifestations, it 18 some form
of energy, purs or h;tﬂud up In particle form, which we epcounter and cog-

nize At every turn in this physical world, Everything in the material universe

10. Mascn and Weaver, op. oit,, pp. 266-265.
11, Ikid., p. 162,
12. Ibid., p. 264.
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In the light of fundeament=la it would seem most natural that a proper
scientiflc description and clazeificatdon of anything would Includa terms
which revéal its energy nature, or status with respact to energy. In a com-
parison of one thing with anothar, one racognizas az a mera salf-avidant
ulsm the fact that for any two ﬂﬂnﬁs o be identical in natwe, they must
necessarily be {dentical from an energy stardpoint, and thiz truism especialiy
applies to force flalds, hoth sleciric and magnetc.,

This treatise will especiaily concern itself with one of the mopat im-
portant um:'lalyﬁrg propertles of one of qur elecirle flelds, tha "moticnal
electrie finld BxY" and its immunity o shlﬂld.tng,l It will present now the—
oretical and exparimental kncwledge which rust bave mnsequeﬁues of vitat
Importance to the sclence bnd philosophy of modern physics. Thae pictura
presemted will ba based entirely upon copceptions of alectromagnetic theory
which are found in complete agreement with axpariment, This pichors, it is
belisved, will reveal not only tha cause of many of our difficulties, but the
way out of them. It will reveal a vista of new opportunities for research.,

If 1= confldantly hellewed that as a result of the elarifiod plcture thus attained,
new horlzong in field theory are in the aifing. A glimpse of these new horl-
zons, together with an electromagnetic theory of gravitation leading up to the
der{vation of Newton's Inverse Square Law, will be prasanted with experi-
mental proposals for its verification. Finally the subject of antigravity will

be discuezed nﬁd, in thﬁ Haht of this thesls, how a practcal apgroach to -

this problem 15 Clearly indicated with Its tiwilling poseibilities.



Chapter 1

Fundamantal Fielda

Webster deﬂ:ﬁas sclenco ag 'Emlﬁnn clagslfied and made avall-

- ahlg in...the search for truth,” A comect classification of knowledge thus
becomes the basic foundation of a science, The word cleasiflcation has been
undexlinaed by the writer, because of its great importance. A wrong classt-
Heation of anythirgy can remilt in greatly impeding the peograess of the lkanch

_ of scienca in which ft exists. Thus great reasuras in sclence can he hidden
Al obscoursd or ages antil some pragpector comes Bleng and reveals its
trus natore, A critical survey of the present status of electrodynamics re-
veals a considerable number of elaciric and magnetic fields which are trought
into being by operations which are unique and seemingly unrelntad, $o en-—
trenched 13 the preseat tacht assumption of physicists that nature hag pro-
vide! mankind with one and only one electric figid and gne and only ons
magnetic Hald that ne pioneer has a¥ yet attompted to seriously penetrate
thiz prejudice apd venture into the poxsibilitiac of dassification which might
bring law and order to soma of ow ewrent prablema,

The adwent of relativity theory was insinuoental in forcing physiciats
to re-axamine and alter many of their mast cherished and fundamental con-
ceptz in physice, Comslder, for Instance, th.n concept of tima, Nona other

thar: the great Sir Isaac Newton bas defined time, in his Ppiticipla, in the

i =



Iollowing manners: .

Absclute, True, and Mathematical Time, of liself,
and fFom Hs own nature flows squably without regard

to anything axtarnal, and by another name 1a called
Duration.

Eridgman polnts ocut with great olarity that if we gxamine the definition

of absclute time In the light of axpariment, we find nothing 1n nature with
such propertiag. By example after example ha podints out many of the stum-
hﬁng blocke which have clogged the progressa of physics, and then ha does
something about 1t. He has conirlbuted what ig called the Operational
Viewpoint as a gulding beacon to enable us to avoid making these kinds of
mistakes in the future. In txiel, ha tells us thot we should define and clas~
8ify our concepts in terms of the operations which ara n-u:essanr in order to
detect ard meazure tham, and not st terms which have no countarpart realiry
in natura, oo diract experimental ovidence to support them, Omly a3 we do
rhig, he points out, can we avold reacherous pitfalis and embaras=zments in
tha fuvturae growth of our scienca. He atstea, “It iz evident that if we adm:rt
tiiis polnt of view toward concepts, namely that the proper definition of a
concept 1= not in terms of its properties but in terms of actoal operations,
we neet fun oo danger of having o revize o attitude toward nature, For

if experignce iy glways degcribad in terms of experience, there must always
be urspondence Detween gxparianca ad descriotion of i, and we need
never be embarassed, o3 we were in attempilng to find III.-I';E.H.II.‘E the m_—

type of Newton's absolute time.“13 While stating that "operational thinking

13. Bwdpman, op. Cit.. p.5.
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will at fivst (wowa 10 be an  unsocial virtue” he neverthelegs pradicts that,

“In thix self-conscious sesrch for phenomena which jncrease the pumber

of operationally independent gongepts, we may sapedt to Hnd & powerful

syatematic mgthod directing the discovery of new and essentially important
phygigal facts,~11

The writer has classified oparationally tha thraa most proaminant

elatiric amd the three most prominent magnetic fields which we find in nature.

Thay are Ax follows:

Fundamental Elaciric and Magnatie Flalds
m.k.s, units)

. fg =Qx The electroatatde or Coulomk field arising from

dwagl the presence of charges.
Ey =v x B, The motional electric Held which acts an charges
travelling with velocity v across a magnetic induction B This

Tield 15 preduced by flux cuttng and should npt be mnmsed with
E; ariming from flux Linking.

Curl E, = - }f The electric flald E, In this formula arises
¢ fyoun flux Hnking, -or ttansformer eleciio-
or B = - 25 magnetic inducticn discoversd by Henpry
at and Faraday. In this field B change$ in-
trinsicatly with time. £ is the magnetic vector potential.

Curl Hy =T This magnetostatic field T arising from a conduction
cwrant deneity ¥ within & conducting medium was first flscovered
by Osvstad, R is at rest with respect 10 the current alrcoit sowrce

producing L,

. Hp = ~# x D,.. The motional magnetic fleld arlsing from relative

velocity ¥ ywith respect to alectric charges producing the sleciric
induction D,

Curl Hg = &%'Q— The magnetic fleld Hy surrounding a changing
alacixic uction cvalled a dieplacement current, This magoetlc
_ fleld plays a prominent port in the production of electromagnetic
radiation, It was first theoretically predicted by Clerk Maxwall.

1

2,
Blecirle [3.

Tields

4.

5
Magnetic

HMeldds
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.

14,
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Particularly ilhuminating is the analysis of Cullwick with raspect
it the salient operational differences im ¥he sowrees of the threa tynes of
2lectric field E_, E , and Ltig I brief, he plolmas them as follows:

All zleciro-maynelic phenomena applicd In elecirical techrnlogy
have, as their fundamental basis, the mutuzl forcos experienced
by elactrie charges, ond wao have mnen that thess arize in three ways:

Ec Two charges experiance mutwal forces 1n virtue of their positlons.
Thiz iz the elactrostatic Iorca of attracrion of repulsion.

They experience additiciwl forces in virbue of Lheir velocities,
Thence arise the forces experlenrcd by a conductor camrrying a
steady current in o constant magnetic Jicld, the foroes bhetween
ourrent-calrylng comducteors, and the inducticn of an e.m.f. In
g conductar moving relarively ta the soaurce af 8 meqgnatic fiald.

L Ap

Et They zlso axperience addirlonal foroes i virtue of thelr acoeler-
arlpns, from which agrizs the inductlon of an e, m.f. by transformer
actions, and elcctromagnetic radiation of enerdy.

The-thlng wa ara aspecially interasted {n, 17 this thes=sis, 1z that
gach of these unigues vperations wilh chiorges brimgs intp existencs o new
Borce field which will act uper charges of electriclty to accelerate them,
Tha intensity of an eleciric fisld is defined at a point as the forse ner unit
af charge whick will be cxorted. The groat mistake of the past has been the
B4 sumption that each of tha abowve accelerating agencies . are, in their in-

-'.\‘-l'—-.-l———-
trinstc physical natures, in every way equivalent and identlcelssince they
each produce the same end poduct, the acceleration d & charged particla.
o, TS —

Nerw In my human exparience 1 may desire o nove across a lake in a boat,

As acceleratlng agencles, I may select several which are each one wnlque:

15. E. Geoffrey Gullwick, The Pundapwntals of Electrnmognetism,
p. ¢85, {Cambridge University Press, 1949)
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{(a) & set of oars, (b) & sail, {c} an outboard motcr, (d) an engina-driven air
popeller,

There 1s mo question with respect to the ﬁnqueness of thase sgencles
in spite of the fact that each one produces the same ond resull -- narmaly

a force on the boat, Because we cannot cognize divectly the imique accel-

arating agencles in electrodynamics by means of the five physical ssnses,
they have besn assmmed to be all alike in nature, in spite of the known fact

1 which ni ly dif-
]:halﬂf_a.__ﬂ_gli;l_lyth&r arise from mamipulations ch are ag uniquely

ferent na in the case of the three accelerating agencies applied to the move-
ment of a boat.

Had Widgman's Operational Theory been published at an esrtler dara,
It i dubious that the present poputar view of these slactric and magnetic
fialde wu:ld be a5 thay sre. Why? Bacauas tha three alactric and the thres
maguetic flelde listed above are each one produced by pperational means which
are axperfmantaily just about as Jdifferent as they could possibiy be, This
fnct alone should be sufHelent to chellengs complacency and initiatn.l sparch-
Ing investigation of the facts. Contrary to popular belisf, sach one af thesa
flelds are unique in neture. It is self-svident that ecch of theae six fislds
requires unigua opetationz necessary o prodecs, detect, and mieasare if,
BEocth thecratical ard experlmental evidence will be presented to show that at
least some of our conceptions of these fields are fundamentally miscon-
ceprions, and in these cazes the misconceptions are due to tha Eact that these
-Helds are un:l.qua in nahee, erch ona possessing characteristic prnpe:ﬂes of

its own which entitle it to a distinot identity in natere, This dlacovery must

w)F—



inevitably randar a graat zervica in clarifying tha confusion axigtent in tha
prascok state of o knowledge, and afford new opportunities ky resedrch,
new possibllities Ln applied physics amd new horizons for a unified field
theory,. An analyeiz of the properties of these flelds will next be conglderad
%0 that their unique propertles may hu Apparent.

Table 1 {seo the following page) has been prepared tn show the put-
standing difiscences in the proparties of each of the first thwee cperationally
different electric flalds. The recognition of the unigquencas of each field 1s
ajded by a comparative study of thesa propertiea, The properties of the elec-
trostatic fletd are well known and need no slaboration in this ireatise.
Sclentific literature dealing with this field is replete with lts well-known
Ehﬂl'ﬂ-‘.-'lﬂ'-l#tiﬂﬂ.

In orcter tlmt the unigue character of each of the electromagnetically
induced flelds may be understomd, considerable discussion will ba required
in view of the fact that 50 many texts emphasize the similarily of these fields

in certain instancas and [ail to point out the wital, outstanding differencgs

in thal' fundamental properties, which maka it immgﬁihlh for them to be
identical in nature. Soms of these differences have been revealed io scien=
tific literaturelB but do not as yet seem to be generally incorporated Lo cur

textbooka. Cohin, in pariicular, has rendered an outstanding contribution

1£. G,I, Cohn, Electrical Engineering 65: 441 {1949)

L. Geofiray Culiwick, The Fundamentals of E gmmggnaﬂsm,
pp. 54-97 (Macmillsn Co., 1939}

W,¥. Bouston, American Physics Teachar, 7:373 {1939)
Page and Adams. Ameri can Fnysics Teacher, 3:57 {193 )
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different ways of axpressing one and the sams fundamental phenomenon 15
Muu it iz baalcally incorrect, Not only ara the two types of Helds E
and E; ﬂmﬂauuntall_;r differant and aach ons uhdque In nature, but an axamina-
tien of tha Faraday Law, E.M ., F. = —dN/4t, reveals that this equation Itgelf
doas not hold ttus In ganaral . In other words, it has been shown that the

flux Iinking with a closed circuit can ba alther partially or completely removed
from the circult without inducing anr slectomotive force whatsoever ! 17

Thiz can be accomplished by a cleverly dealoned switching cirowdt one version
of which ig shown in Flg. 1. This illustrates the foct that the flux linking
with 2 E;m:ad clrcuit may ba changed by threg differsnt unique operations:

{1) Flux cuiting, (2} Flux Linking taused by —dB/dt, where the source of B

1t imtrinaicelly changed with Hme, and (3) A uniguely deslgned awitching cic-
cult. Only the first two sets of operatdons produwces an a.m.f, The third

get of operadons produces ne e.m.E. and for this reason the present manner
of presernting Faraday's Law iz nvalid, There are two unigua npar&ﬂ;mal
masthods of inducing an e.m. I, and we should not endeavor ta derfve tham
ifrcm one simplea mathematical serprezsion -2 N/dr, bacause this sxpreasion
Inciudes or implies operations which will not tnduce an e.m.{. It is there-
fore ahgolete] As Cohn and others bave shown, there are actualby two Kinds
of clectromagnetic imtuction and in the gencral case both types are igvolved
and esch mugt claarly be understood and differentiated from the other, That

the flux linking law, attributed 1o Faraday, dooes not hold for his own Faraday-

17. 6,1, Cohn, Perradoxes of Electromagnetic Inducton - Thesds,
Illinolg Institute of Technology Library.
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—disk unipolar generator, which requires tha flux cutting law [or ita correct
degcriptdve behavigr, is perhaps one of the most outstanding sxamples of
how vitally vpique apd egsential 1s the role of sach law and each of the

oeoNTEspoding electric Ields produced by thege laws,

’E\,_J

: | ;

;. ‘: 1

A : N e
K J

(2 Showing torcidal magnet Hnk-

FIGURE 1

- - _\x\. Ing with a closed circuals.
Y “ ;
s

(o} Showing switch moved up and magnet Moved over Wi/t

ta right. EJ
) S ",
\\3/ |
..
2 ' f'f_ 1 1
{c) Showing final position of switch and no flux in {{:/
the closed circuit. - 1



In the Faraday generator thare 15 noHme rate of chenge in the magnetic
induction B, s{nce It originatas from a parmanent magnet and iz constant.
The circult can cven be made 30 s 1 llnk with no Ao whatscaver. In any
chaae, there is no changes of B with {ime, Ths very [act that all contemporary
suthorities!B on this subject have found it necessary 10 add the flux cutting
law to tha famens l-d-uxwau equations -111 order to explain satigfactorily all
casas of electromagnetic inducticn is itself Indicative of the unigquenaze of
the electric fleld g0 produced ,

' Many of my colleaguas have anid that it waa not difficult for them

to distinguish fundamental differeneas in the Couvlomb field . and the mag-
maticaliy Induced flalds E; and E,, but they were unable to zee any clearly
defined Miference between the Ep and the Ep fleld. Let us, therefore, dis—
cusa somo of the most outatanding differonces between theso two fields.

What i3 o concept of an slectzic feld? Mast physicists will reply
that it L= a force which acts upon an electric charge and tends tc aceslarate
it in o definite direction termed the direction of the fleld, ‘With this concept
in nind let s analyza tha two electric fields E, and E,

In Figure 2 balow is thown a erodas secton of a long stralght soleneid
in which & gradually increasing cwrent e flowing counterclockwlae.

B
Fi ¥
\ FIGURE 2

The uniformly alsis magnetic fiux density B within this area is therefore

increacing with tme and according to Paraday's Law of Elactromagnetic ©

18. Bleter and Frank, flectromagnetism, n, 86, {McGraw-HilL, 19437)
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Enduction, the =.m. f, around eny closed circult placet whally within the
area ghown in Flgwe 2 would be given by: a.m.f, = - —ﬂ'rﬁ- = ﬁﬁt - dg
whers M aquals the total fiiee linking the circuit, Cof intf:-r&st centers on
E; . the elactric fisld ﬂlﬂﬂn the conductor of such o circuit, giving rize to
the e.m.f. Obvicosly, Pmadoy's Law glves ug abeolutely no Information
about thig field By other than to say that the line integral of this field arcond
the elosed circilt will giva ws the value of the e.m. 1, Induced in it. IE fhas
closed circuit A lles in the plane of the area, Figuee 2, then at a point P in
thls circult, it is chvious that Et iz directed toward the bottoms Of the paper,
If, however, we select tha clicult B instead of A then ot this same point P
the electric EleM Fy is diracted horizontally to the right. If we select oir-
muﬂmm of B, wa then find Er diracted towand the top of the paper at
P exactly the opposita divectdon from that In etrcult A, And i we gelect
cdrcudt D then E‘I. at P ie diracted horlzomtally ic the laft, in sxactly the op—
peelte direction that it had in circuit B, That ar electric field E, exists in
this araa there 5eems 10 be no doubt since an e,m.1, arites within each of
these circuits, But this field E; s vary paculiar, since It is impogsibla to
define #t at the point P wnless we first select a porticwiar clrcult through P
which will then enable us > determline iks directicn at P,

Now let us remove the copducting cirvuite from within the area of
Figure 2, and place 2 stationary free char#ed garticla Q at the poiat P.
WIH it move? I 80, in what direction will it move ¥ I it remains mﬁnnlnaf.
ard 19 frea 0 move, then does an elactric Held exist at this point P? Cer-
tainly the magnetc flux density exdsts thare and i5 changing with time,

but we have no assurance wharsoever that it will act upon a stationary charge,
e Qe



nor the directinn In which it will act unless it Iy ficst given an Iaftial veloctty,
B mﬁ:n it 1z confinad within the conducting medlum of a closed clreuit,

No other electxic flold haa this unlgque oparational mmu-, which it this
CABE APPEArE 1O r-quh'c that the charged particle upon which it acts mmst
aither have an initlal walacity within the &I-m:lric fiald, or that it muat exict
within a <losed conducting clrcuilt belcra it-wlll. pake Ltaelf manifest, A

free statlonary chérged particle placed within an Ep, or E fisld will be
immediately acted upon in both magnitade and definite direction. About

all that we can say in & descriptive manner of I, at & point P, auch 23 shown
In Figure 2 is that this trassformer type Hald has curl at that point, as shown
by Maxwell's formula, l"nt a clarffying concepdon of just what ool means

ona will find it helpful to study Skililng's trestment of {t where he deflnes it
ag the limiting value of chowlation parunitarea,. 1? This means simply, as
applied 1o Pigure 2, that if a smell conducting dizk of ink, I_ul}" a dot madc
with India ink, were placed at the point P, negative slectrons wolld olroeulats
in thiz dot in a counterclockwisa directicn, The dot of ink would be syvory-
whera at the sems potebtlal, and thereicre unchargeds Curl 1a one of the most

outgtending characteriatic properties of the Et fleld which may or may not he

possessed by the Bm field, but never by E., Mow place this soma dot of
I ndia frk in & uniform ]’hﬂa‘ld and it will become an aleciriec dipole. The actian
of a uniform E; fiald on this dot 13 tharafora very much different fom that of

an Ey, unifoem flald,

19. H,.H, Skilling, Pundamentals of Eisctoic Waves, 2od Edition,
p. 41, (Jobhn Wiley & Sons, Inc., 1944)
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With the exceptlon of i£2son and Weaver's text, little Hterature ap-
pears tn exist which directs altention o the ambigmous nature of tha concept E:
ol the zpotial distribution of emnexgy as concarna the two electromagnetical)y

induced slectric flelds. That the electrio fleld induced by 2 magnetic flux

irtensity which iz changing with time hag a apatial distribution of energy,

whereas the motionally induced eleciric flald does nok have any auch identical

distribution of elecric field snergy in space 15 ona of the moct erucial of the

furdamental differgnces In thelr properties. Since the pztablishment of this

fact that thasm two fislds differ radically in thair relaticon to field energy
iz all important to the objectives of this reatise, let us now take up a digres—
sion on this point,

Inzofar ag this writer 1 Informed, o one gquasticons the actuality of
the spatlal distdbution of energy In the case of the placirostatic field or {
tha E, fleld, due to a magnetic wvectrer potemial intensity<? varying with
time, Calculations involving [ield snexgy in the plectrostatic case have -
lorg been made without Aificulty, and the ransfer of anergy between the
primary and the secondary colls of a trandormar without any movemeat of
its componeant parts give direct evidapee that electric ¢nergy is distributed
In the space ocevpled by the E| flald, The very natwe of this electric field
requires tha concept of the spatial mHMnn of i;iﬂlﬂ H'IEI;Q‘.I'.

An analysiz of the nature of the motional electric field will réveal,

20. The transformer law is usually stated | teyms of the negative
time rate of change of magmetic flux linking with tha cirouit and thiz gives the
total induced a.m.f,. The elactric Held produced by this type of inductian
iz most conveniently deslgnated by the tioe rate of change of the magnetic
vectar potontial,

o
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on the other hand, that this concept of spatially distributed slectric field
enargy, L8 not only g_g__rﬂ__lﬂ.r__ad for a zatisfying wnderstanding of phenomena
where this tiold 13 {nvolved, but it antually induces basic atriguitics and
Impossibia mn:aptl;'.m.l.

Let ugs how examine the grigin and bagic natue of tha moticnal electric
field with ita unusual propesty. |

I-:-m =¥ x B. This vector Hekl equation was derived by Loremtz from the
empirical force formula of Biof and Bavart, Thie is the eleciric field which
18 prosent in the mowing wires constituting the srmatere colla of an elec-
wic genaeator. It causes an =.m,f, to axist in 3 congductor by virtue of
motion acrose megnetic Aux. S5uch induction is called a motloneily lnduced
g,m.f. or flux crtting a.m.f. As we ghall see, this ifield has some of
the most unugual and interasting propertles concelvable. Pape and Adams
have amphasized one ol these unique propertles. They pnlnt out in the cass
of the ganerator with a oiating armature coil that tiks flald, “axists only
In the moving conductar,® =- where moving slaciric charges sce present
<~ "since no slactric fleld ia present In the chserver's seference frame. "2}
Let ua examine this aapect of the fleld more closely, for neither the elpctro—
static field nor the B, field possess this property, for theza Heldz con exist
10 an observer's reference fame, whether 8 copducting circult, or gonductor,
or ehprae 1s at hand or mot., |

Thrage essential operaticnal ingredients are necessay to bring this

E,, field into exigience: {1} A constant magnetic induction B, {2) An slec~

z1. Fage and Adams, op. Cit, , p. 16,
=23



trically charged particle e7%13) A relative welocity G betwean the particle and
the reference fame of the machetic sowr:g proglucing B, A deflecting f#m
will act upon the particle wherever it moves acrozs magnetic flux 1ines, As
viewed from the rafurmm.hnme-uft;m particle this Iorce [ x B)  hag many
aspects of & real alectric flald and in fact it 18 termed a moHdonally Indueed
electric fleld having an intenzity (V x H) per unlt charge, -In the referanca frame
of the magnetic source giving rizs to B only & magnetc field 13 present. One
observea that the moviog charge 1s acted upon by a force which to all appear-
aces is wholly magnetic in pature. Whather wa think of 1t aa a deflecting
magnetic force or an alectrie field, it i obviocus that it exists only at the
points in space whers moving charges, aither fres or in matier, are present,;
for stationarcy electrie charges are unaffecsted. In a vacuum, or in space ba-
tween moving electrlc charges, no L, field or deflacting maghetic force exlets.
Hence 1i must necessarily heve a spotlty, or discontlnuous nahme. How can
this be possihle? -
Lut us proceed as Mason and Weaver have sugaeeted by considering
"a quamtitative deecription of the individua] behavicar of charges.” Letf a
pasitively chargee particle with mass m and charge & be projected Into B vacuum
chambear with uniformn -valm:ﬂ? ;:r at right angles to the direction of uniform
magnetic flux B, The particle has {mtial kinetic energy T= 1/2m v,2. By
Pmwpere's Law the moving particle [or rurent clement) is am;l'i::rmdnﬂ by &

ooncentrle digirthnion of magnetic flux.

22. The charged particle may be an clectron in a piece of metter, or
free aE In' a gas.,

=



It will ba ai:tﬁlll.u]m‘n by a machanical deflacting fovee E=e En x g,
Itwﬂia]snheraadﬂ? ascen that this force on the charged particle axisis only
m&ﬂik & maqnetic figld about the particle, The ﬂ;mﬂ ls actually the
ﬁ;:mne of lateral repulsion betwesn two magnetic fielda. Without the presence
of both maymetic fields, no such force exists, hence the existence of T requires
the slmultaneous presence of ali three of its essential components, o, ¥and B,
The actosl astion on the charged particle s magnetic in characker, rather than
electrical,

Let us next chserve that the foree !_‘ulwuy:s acts at right angles to both

w and H, Since the dizplacement of the particle js aimra in a Arection at

right angles to the force, this fofce gan dp no work on the gharged particle
upon which it acts, and no epergy i6 extracted from B, Thia force, arising

from the magnetic rapui eion between two magnetic flelds, one due to the moving
particle, and the other due to the applied 3, acts lﬂ-:r:: a clreular deflacting

congtraint or bafla, which only changes the diraction i not the magndtods

of tha velocity of the particle, The speed of the particle and hence its kinetlc
Snergy ramainp unchanged, It is well knn'um. that nu::.h a force will ¢ause the
particle to travel In 5 circular path, the radius of which js readily obtained by
aquating the force Bev; to the nlntrl.fuqal foroe mvnﬂfr and sclving fni; I,

-r = mv,/eB. The particle ix thus trapped by the magnetic field, which will

Thodd It to a chailsr path ungfl its original kinetic anergy 1 dissipated by

collisjons with naighboring |'.\-a;rl:h::lna|rm,I ﬂ h&é‘ﬁ.ib_.w“_ '



It is of partieular Lmportanca to this diacussion and 1 again repaated,

that gince the daflecting foxce 15 always AL clght anglea to the relatlve veloclly

Ec- of the particle and also to E, no work 1s done on the particle by the deflecting

Whether the particls g confined within the boundaries of a wire or not,
(v x B) will always be at right angles to v and to0 E. For clarification let us
suppose the pacticle ia enclosed within a frictlonless tube the I:axis of which
iz at vicht angles to "‘Ta and to §. Wa hixther Impase the condition that the
v:elccll:y iu of the tthe ba kept copstant in magnituda and dfrection, Let us
examime the behavior of the particle within 1t. As the tube moves forward, the
particle ia prevented from moving ik a clreular path by the wallz of tha tuba,
but 1t can ;arni willl begin to move along tha axds of the tubhe under the deflecting
action of the magnetic field., To maintaln ﬂ'u-n originml forward component of
its velocity 9, constant, the exiornal sgency maving the tubg will lave ie
supply the particle with sdditioral kinetic eneruy in thiz direction.

A= the particle acquires a velocity component v, along the axis of tha

tube, the resultaht force v x B acquires two componenta, one along the tube,
which wiil be constant {v_ x B), and ona at right anglas 1o the tube (v, x B),
opposing the forward motion, {Lenz's Law), We thus ape that the additlona}
kinetic energy imparted to the charged particls moving down the tube iz Wwang-
mirted to the particie directly by the eﬂmna] force moving 'I:I'_la fube, Thig
kin=tic energy i:s continuously channeled along the tube by the deflecting acton
of the magnetic Lnduction B interactdng with the magnetic fleld formed arnunﬁ

the moving charged particle and the constrain® of the tube ffsalf,
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The modus operandi of ¥ x B is thus seen to be wholly magnatic n

character. The conception of this foree, when viewed from the standpoint
Inf an crbsa.rm at rest in the referepce frame which 1a travelling with valoctty
V4. 89 being an electric Held eimilar in charneter to that of an electrostatic
fleld ig therefore an artificial figment of the imagingtion which instead of clar-
ifying the understanding of motonal slectromagratic induction, aften befogs

it. The concept of ¥ x B as an elagiric fleid 15 a convenient mathematichl
congtruct, howaver, for computing Inducsed emf's, but tha actual nature of the
phenomancn with which one jg d=aling must be kept cleariy in mind to avold
mlstnll:us_, Tha elactromotive force indueced betwaen the terminsls of & short
siTaight Unedr cenductor of length 1 moving with relative velocity v across a

magnetic indwetion B is given by the fommulat

E#;:‘i r'i {2]
whereas that induced in a closed checult ip given by:
Enfhﬁ - dl — ()

and 13 often difficalt 10 evaluate. In these formudae the term ¥ x B rep-

resents the direction and magnitude of the ficttious electric field Itensity
E,.- The snergy associated with this field 1s directly Imparted to the charged

particles by a machanical prime mover which produces the relative velocity

Instead of Ty an actual glactric fald.

An important point in the foregoing analysis is thet it serves to illustrate
the fact that zince the L. fieid 15 by e imrinsls Mﬁa caly the repulalve force
betyrean twn magnetic soiaxces, that of B and that of the moving -I:h-l'ﬂE,. it

sponet gxst except gt those pofnts where electric charges with magnetic ficids
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about them welst, The B, fleld 1s only st those points where a magnetic

fiold exista that can Interact repulsively with tha magnetic inducton B.

Thardore, It is evident that tere can be no continuous spatial
dls&hﬂnnnitnMMmulﬁHBm in the case of the E; or
the E; fields. Eince no electric B, fleld axlets in a I-.Pllﬂl' without charges,
thers can ba no By, field enerqunavnmmnr-in{raas;ﬁm such as can
exist with an elactrostatic fleid. Ve nesd to Temember this Eact when we
think of the E, fiold phenumeﬁcrn from the standpolnt of & moving magnetic
flux acting on & stationary electric charge, A singia pheancmenon whan
viewgd from two different teference framez coan appear to be fundamentally
different, but such relattve viewing does not alter the fundamentally bazic
cause giving rise to it, Since tha real baeic nanre of the ¥ x B phenomenon
b= ot Hilorio been axposed in datail and hence 13 to a large extent currently
taught and believed to be of an elecirostatic nature by thecretical physiclsta,
1t will be worth our while to go into soma of the subtle aspects it rresents-
when it i 50 conoelved,

Let ua conslder the popular view of thia phammnﬁ;un B presanted
hy most iMecpreters of ralativity theory. Toe 3pecial Theory of Relativiry
a5 applisd to electrodynamics states that if we have a wlform ciactric
Held of intansity E, due to charges, and %l um:Enn;'; mnn&ﬁu Lnductinn I-l,
due to magnets, hoth at rest in a reference frame S, then in frame 5° moving
with uniform velocity v with respect to § an chserver will find an slectric
intensity E', and & magnatic Induction B' given in vector notation In absolute

pawnazian {c.g.5.) units by: (see following page)
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(

§E I[lfulv Jt ;! - {q)
B' = ~-{1/chr x E - {=)

where §= 1/ / 1-(v/c}?  and c =3 x 1019 em/sec.

The current confusion among phyaicists iz that many imterpret rela-
tivity theory 28 shuwing that g; x ifc is 3n electric Held, identical in nature
to am electrostatic field. The reader will nots that E' ix the vestor sum
of two electric intenaities, X E, which 1= an electostatic Held, amd

X - xBl/c. Addad in this manner, many physlcists have tacitly assumed
that £' and F x B)/c must likevrine ba interprated as electrostatic in patra.
Jeans, however, pelimts out that nothing In the postulates of the Special
Theory requlre auch an intergretation. He states. “the...equations...may
Le taken merely as expreszing relations between gquantities as measured
by one qhsarver S and another $' moving with a velocity v relative to 5, *23
Cullwick states, "It is an atirlbute of the relativity equations, that they do
not claim to inciude any physical Inrerpretation of the phenomena, "24
Smirtha states that the forcze represented by the added temm " .dﬂf@t
from electrosiatic forces. Ome might call these additional forces alactro-

kinetic forces, but 23 we shall see, they are identical with thoge we have

already called magnetic Eorces. "2

Winch in hig excellent text states, “Notice that [V x B) 1s not an
glectrostatic electric field intensity for 1t Is not due o a distribution of

charges. We have shown that tha line integral of electrostatic Held intenaity

23. ].H. Jeans, The Mathematical Theory ¢f Electricity and Maqpetism,
b, 606 {Cambridye Undversity Presg, 1923),

24, Cullwick, op. elt,, p. 119,
23. William R. Soythe, Static and Dynamic Electricity, p. 488
(MoCraw Hill Bock Co., 1539
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arcund any cloged path is nlwmrsmnnndﬂimuimmtcepuunmthls
case, 1.s., the elecirostatic fleld intemsity set up by the displaced charges {:
intogratas to gero aroomd any closed path. (¥ x BY is due to the moticn af

the comductor In the magnetic field, and an external agoncy is fecding energy

into the system, and a net amount of work is done by a charge in meving

completely around the circult. Hotice alse the (% x B} dves mot exist in the

abzance of moving chargaz, —-because it 1s tha magnetic force on the chmges
moving wihth tha wire which seta up the eleciric Held intansity, " 36

Not wiﬂ]lturding such pronsuncements, the writer hae diecuzsed the
subjact with many expanents of relativity thesry who are quite Insistent that
all tha terme In squation [4} must be conaldered as identieal 6, and in-
distinﬁuiﬁhlhh fom, an etactrostatie Held. A personal letvec from a colloague
at pur National Buyeau of thnﬂurdu sl takexs thiz positdon, as wall ae {:
sevaral Nobel Lowreates with whom Le has consulted, And this stand is
taken admittedly by thesc physicists without 3 single lota of direct experimentgl
guvidence with which ¥ support 1t

During tha sarly stagae of the work on thie project, I called on
saveral Nobal Laureates 10 Gizscuss the worthwhileness of this endeavar,
ona of whom waa the distinguished physiclst amd suthoclty in the Held of
electrodynamios, Encked Ferral, who had deliveraed a lecture af the 1944
Public Affairs Conference at Principia E::lllege- Among the questione asked,

two will ba of interset to the reader, {1} "H it were aver discovered that the

25. Ralph P. Winch, Electricity amd Magnetism, p. 536 (Prantice
Hall Inc., 1955). @
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motdonal elactric flold v x Bfc was tmiq!u and not identlcal o, and indis-

.unguis-lluhlu from, an slactrastatic Hald, would this discovery bo of any

great valoe 0 vur soientdfic knowledge 7° Hla answer in substapca wes: It
would indead he of PH? great sigoificance and consequence. {(2)"To your
kntwigdge, do you know of the existence of any drect experimenta] svidence

which confirms the belisf that the motional alactric finld and the elpctrostatic

. field atw identical in noture 7 After conalderable thought, his reply was,

"Come t¢ think of it, 1 can racall of oo such sxictent evidencs, ™
It will mow ba shown that the relativity equationa themeelves provide
a means for obtaining a [kller upnderstanding of the physical nature of the
terms they contain. It is important t0 obperve matbematically that in the
qem:ﬂ casa svecy term of bath of these equations ( 4) and (5 ) Is & function
cf B whera A = g_. By a binrpmial expanaion it can be readlly shown that:
X= @/ 1t + ) )

substitution Lo the two right hand terms of equation [4 ) vields

By = XE= [T +0/9 pE (7
B, = {‘;’é B] = (1 +(/98% fex B) ~ B {8}

where v and B pre taken at right angles 10 each other and T 18 2 Wt veckor
at right angles o both v and B and termy of higher dagree than FE have basn
drapped ,

Equations (7} and (B} represapt respactively the ctechrostatic, and
the motlonai electric, field components of the resultant electric intensity
E' §u the referanca frame 5' moving with uniform relative velocity v with

raspact ta 3, Hnow E am:lE inraference ffame 3 are adjusted s0 that they
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are both perpendicelar to ¥ and to each other and their intensitiea fixed
al constant valuasz guch that: ‘:
E'y - E'E =g
then these two electric fleld intansities will bs equal in magnitude and
opposite in directnn 27 L
A staticnary electron in 5' will ﬂnrufm':; axperience na force acting
upon it becanse the resuliant el=ciric intsnsity in thiz fame {3 zaro, Most
relativitiats: clalm that under this situadon these will ba completa Cancall-
ation of electric fields. It will be abearved that B’y and 'y, are parsbolic
and linear functiona u!ﬁ respectivaly. It will at once e evident that although
Els and E'm con be mode equal to each other 1n magnitude and oppasite io
dAfrecticn inr any ong refarence frame 3', moving with an assigned value of
v o afized proper adjustment of E and B in frame 5, such that v = cE/B, f::
nevertheless such aquality of E'g and E' _ would be possible for only two
frames at the most, for n straight Yine can cut a parabols in not ;nnm than .
{iwo points. I is thue salf-evident that 11 the gaparal casa it wouild not
be possible to make these two opposltely directed flelds continuously
equal in more than two posaible reference framas at tha wost, by assigning

fixed values to E and B In S. This is a clear cut case of tha slmpla super-

27. Two large, similar, rectangular, parailel, and vertical plates
gaparsted by a distance d could be oppoeitely charged and elecmically
1golated In 5. Abowve and below the alr space between the condenaer plates
twa large ciroular horlzontal Helmholtz cofls could next be fastened so
that when connactad in sarleg a constapt current theough them would produce
3 unifcrm vartical magnetic inducton A in the space between the condensar
plates._Lat 8° be a frame of reference moving horizontally through this spaca
with veccity V at right angles to both E and B, c
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=posltdon of two distinct types of Aelds, If the i;;,l:erm representad an
slaciric field which is idearical to and Indisringuishable from an slectro-
statlc field, then it would have to beheve like one, which would require
that 1t vary parabolically with § instead of linearly. How could there be
coraplgte ¢ancellatjon of Gelde in a particular framea {f there is a real dif-
fererica In their intensities mantfest in the reference frames having both
greater and lesear velocitiez than this particular frame ? Surely such &
pitaation calle for flelds which ara distinct and unique. balanced against
¢ach other with a zero resultant In ane {or possibly two) particular frames,
but not in nelghboring rames of referance.

Tha i%i terty moat nearly sbmulatrss the charscteclstics of an eleotro-
state .fl-._uld whean it ix igolated by Healf, without the mrasence of a resuitant
magnetis induction! It Lz thiz cagsa which has bean moatly respansibia
for the popular belief that the two Ields are identical it nature, To sim-
plify the picture, let us firs! assume a vertical uniform m&unetl: indoction
B in frame S and no electrostatic Held present, In the referance frame S°,
moving with uniform horlzontal velocity v, with raspect to 5, an obsarver
will discover a horizontat slechric fiold, (v x B)/c and a vertical magnatic
induction p* = 1_!, (agsunming velocitieas smal}l with respect to ) the path of
a free electrifisd particla tn frame 8' undst the actlon of the two flelds which
are &t right angles 10 each other will ha that of & cycleid reced on a hori-
zortal plene. The path of the particle a¢ seen in frame 8 would be circular,
ag praviously gshown, This motion projected on frame 5 moying with relrﬂclt}r

v, I5 that of  point an ths circumtersnce of a circle rolling in a hortzontal
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plane along A ling in the diraction of —v. I we now superimpose a uniform
magaatic inductlon e aqual bn magnitude and nppositg in direction to E;
in frame 3°', then in this ame wa will bave cnly the lsoiated ateotric Hald
v x B/c, with the reaulla;nt vertical magnetic inductlun_ni zero intensity.
Now this elactric field very greatly simulsates that of an electrostatic field,
and it in randily understandable that many i:rhru.llclnu have o Sukecprated
ii. Tha path of the particie In this fisld is now ractilinearly in the dlreciion
of % x B/c in §', and pornbolic as seen from 5. Furthermore, slnce the curl
and divergence of ¥ x B/c {n 5' are both zero, as they are in the case of a
uniform clactvostatle Held, mathematiciana can call upon what ls known
as the Kentity theorem as & proof that the E, {ield is Identical to and
indistinquishable from an electrostatic flald, This procf amowmts to nsthing
more than saying that the dynamic behavior of a charged particie will be
the same in Loth fields. In the followlng chapters we will show expedmentaliy
that this 15 not always true. Alzo analysls shows that a prime mover Is .
raquired for moving the source of B and gupplics energy to the particie
continuously.

Let vs again analyze this cage caleflully becanze of it great impol-
tance,. Rinetc anergy 15 Impaxted 10 a frae charged particle and glves it
a velocity v, with respect to jrame 5. ﬁ'l'._.‘ﬂ'le commancemant of it motton
the particle ix at rest In frame 3", which 15 moving with the same velocity.
It appears to an observer in this frame that the particle starts from rest and_
begina to move in the diraction of (v, % B)/c. If the magnetic induction

in 8* Is only that due 1o B', then its motion ¥ with respect to 3° wil]l produce
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n new deflacting Intensity v' x B'/c In frame §' In the directicn of ";'u-
R, hn'w:-w.. the sque! and opposite megnetic inducton B* 1s introduced in

this frama, the effect would ba o produce ancther deflecting intensity

¥ 'x B"/c which would be equel and oppoaits in direction to the Intensity

VXB"/c. At this point ona needs to think carefully. -The deflecting Intensity

v' x B/ in 8' dirarted against the forward motion of the particie arloas

- by viktues of Léne's law. The forca on tha patticle due to this intensity

will act continuwously as long a2 the particle moves ai right angles to vg.
To emehle lhn particle b malntain coostantly ita wriginel forwerd welocity
¥+ the kinetic snecgy which 1s being channeled at right angles to vy must
be continuously replumd.- To do thig, work must be done contlmiously upsn
the mn-:net giving rise to B" In B', hnﬁune the action of B" on the partcle
1z 10 azpixt s forwand motion with regpect t9 3 in exactly the same amaunt
that ¥ ¥ B'/r deprasses it, Two magnele ere fnvolved in thip aetian, (1)
The magnet giving riee t¢ B' io 8' and which 13 at rest In 5. -{2} The magnet
giving rize to B” in §* and mhich must be continuouely supplisd with energy
from a prime mover,

Tha particle can thus he made l:u1 travel vectilinearly Lo 8", In the
directian of I‘:T.'n x Blfc provided enorgy is conltinuowsty given to it via
the role played by 8. Thia is the gitwation which appears on first ingpecton
to be exactly like an electrostatc Ela.ld. A fre¢ electron originally at rest .
in 5% will ba accelerated rectitinearly in §' at right anglea to V. The -
ajectron 13 seemingly without contact with any matarial hody, hence thn

ajactric fipld liﬂ; B)/c appears to be the only souree of its steadily
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sccumulating kinetc energy. The encigy would appear to have come from a
spetisl distribution also as in the electrostatic case, mince  {v, x B)/c is
the only electricc Held present in 5°, and the resultant magnetic induction
1z zexa, This appaurnm:é 15 exceedingly deceptlve and is the basle of tha
currant falga sassumption with respect to the motionat Iéte-::lric fleld, No
prime mover ls required in the electrostatic case! The energy in this case
comes Tom the Held itself.

In the flret place,; we m-.:st remember that an elecirle field of the
type {v x B}/C gannot of jtself impart enecqy to tho electron because its line

of acton is always normal to the valocity of the electran with respect to 5,

and to the direction of B. We will remember in one of our mevious dis-
cusslons ,. that this deflecting intenaity was shown to channel the kinetic
energy of the particle down a2 tubw, without itzelf imparting enargy. The
function of tha tube actuated by a prime mower was o continuously supply
(o the particla the energy to so channel and pravent the particia frnm taking
up a circular path in & or a cycleoidal path in 8'. Wa now discover that the
superpotition of a magnetic induction 8" in 3° aummpllsﬁas the same thing
that the tube did, Buot thiz accompllshment can only be achieved by fasding
energyy 1o the particls ED:I'.'I.'I:I.I'IL‘IDHREI‘]" in the forward direction ae the tube did
and thig iz done by a prime mover acting on the magnet giiring rise to B".,
This magnetic inductinn B" interacts w.i'th.'l:ha magnatic field_urnmd the
charged particle so as 1o continuously push the particts in the forwand
direction v, thus replacing continuously tha kinetic energy channeled at

right angles by {;ﬂ x B)/c and thus koeping the velocity of thas particls in
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this forward direction constant, thereby making s path in 8' one that Ls
uﬂuﬂhrntrﬂﬂﬂlmuﬂﬂnfu:ﬁh. A prime mover glves kinetlc eaergy to a magnet,
and itz magnatic Hnld pushas on the magnetic field around the particle, and
thus doas work mntirluuu:l?. which in frame 5° appears ag incraaeing kinetlc
energy of the rectilinear motion of the charged particle, Mo magnetic fleld
enéryy 1s ussd up in fhls tranefer of m&gr to the particle. The magnstic
field of the magnet iz a physical part of the magnet which pushes against

the magnetlc particle with exactly the same force that the tube did tn our
earliar description, It performs the same function as that of the tube. There
Iz no real electric ﬂnld.l.nwlvnd in thig picture except that around the charged
rarticle, which when moving [by Ampere's Lawl pives rice to the magnetic
fleld around 1t, Thus the whele action of an lenlnted  {¥ x 8)/c field on a
charged particla, instead of being electrostatic has a description which i
essontially the direct ransfer of mechanical kinettc energy from prime raovers
1o the particle. Ne gpatla)ly distributed motional alactric field energy "

saters the pichore of this field. The uniform and ralative motion of two mag-
mets with equal and oppositely directed flelds and the presancs of aAn electric
charge relpazod with kinetic encrgy from its pogition of rest in the rafsrance
frame of oneof the magnats produces a comblnation of pushing and deflecting
m2gnetic Jorces which causes the particle to behave as though it were In

Bn elecwrostatic field, This should ot surpeise us, What should surprige

us 1% that physiciaste should hava assumed, without direct sxperimentnl -Evi-:lanca .
that these combined magnetic forces could be identical to and indistinguishable
from an elsctrostatic fieid, 2 monkey and a man are two distinctly diHarent
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agencies (we hape)! Thay cin, however, axert identica! forces on one ang
the zame ahject, and 4 oppositaly directed hold the object In equilibrium,
But surely no one wilk wse such an argument as avidance to prova that a monkey
ia & mam, or that & man :F:s a moakeyl Buch, however, appear to be the nature
of aoma of the arguments that - ﬁ-r x Ejfc iz intrinzically »lectrostatic.
Cajor] ztetas; “The unscientific physical speculations of Aristotle hald the
world bound within thair grasp for two thouaand years: the unforlonnts cor—
pusculer thetry of Newlon controlled sciemtific thought for over a century. -26

I has tpken o & eantury 4o plorce the fog created by the assymption

of one, and ond mleciric fleld Mmxweli. Thils agssu n having
sorved him aeell in formulating his baautiful electromagnatic equations .

nevertheless became a prejudice, and Interfered, . more or Jens, with clear-
zighted judgmept.

2A8. Florian Cajorf, A History of Physics, p. 10l {Marmillan Co,,

1922)
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Chaptoer 2

The Electromagnatic Force Equation

The three cutstanding slactric fisld intensities when added together

. vactodally, sonstitate what has been texmed the electromagnetic force

equations (in kms wnit=)
E<E_+Ey+E
i =Cr__ +BxW-pR ---- {9)

allesd at

In their, A New Electrodynamics, Moon and Spencer derive a naw for—

29

sulation for this equation based entirely on the force between two charged
particles y and Qg.m These authora show that all poazlble slectric in-
tensitles that can be exertad by chage Q) amd Qp due to (al, constant Q,
oo ralative motlon, b} constant Q) , uniform relative velocity, and [c] con-
atant QI; accelerated motion, when added becoms respactively:
EnEek, q
+ 5

=P =OfF [ mg’ﬂA Q v (10
Q, 4_1:]? :

qur dt
Mota that the Coulomb lntenﬂt'}.r E: is the same in (9) &and (10). The

motionst intensity E, and the transformer Intenaity E, differ in form but rep-

resent iz each of the wo squations the same identical aceelerating agencies,

29. Culiwick, gp. cit., p. 287,
0., Moon and Epencer, op. git, , p 369.



The outstanding diffarance batwesen the two equations 1g that with {10), one

¢an calculata siaciric intensities without bayipg to axtertaln any field concepts,
slectric nr magnetlc| The authors clajnm conziderable advantages for thelr
formulation (13) over that of {9), and show five examples, each of which in-
volves diffioulties and incomact nnn;nma if the nlaaniml Maxwall equations

are smplayad indiscriminately, but which find correct angwera in every instance
with their formutation {10) 3 1what they do noe point out s that when the terms

of (9) are appliad in the same disgiminating mamer with respect to the op-
eratlonal agpects of tha probleme, as was (10), the amhiguities disappear and
ryrect anywers are forthcoming .

Tha Principle of Superposition as appHed to flelds, states that when
sevaral fl.alr.!s ora suparimposed on one another, sach will 20t aa though the
others were abzant, The simple acdition of the saparate terms in both (3}
anrd (10), tacltly implics that this principle bolds true In all cases, This
tacit 2asumption In twrn stems {rom the assumption that there ls -hul: one ul'aciria:
field, and each of the three tormz being of thiz one nature, can be superimpos ed
and added vectorlally. If thare was but one electric fisld in nature, then
ona would have to admit that the simple addition of thesa terms 1 scientifically
carect, I, however, we have several unique elactric fislds Ln natre, each
with 1tz own unique physical properties , then the Princlﬁl'e of Superpositon

a5 applied o thasa fields 1s open to question, To liustrate this point, let

31. P. Moon and D.E. Spencer, "On Eleciromagnetic Induction” [oumpal
of Franklin Institute, Yol. 260, p. 213 (1955).
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us conaider a case where we havae onty the two oniform E. and E,, Oelds pre-
sant, superimpospd 3o ag 10 be equal In intenzity. parsllsl, =nd oppositely

directad, Equations [9) and {10} then reduca I ¢

EmE Byl —--—n- - “= (11}

It bacomes obvious at ance that IF there is but one aleclric fleld in
natiuza, then tha resultant fiald fa xero, IE, howover, ench of these fields ie
uniqua, and & physical experimamnt can e 56 arranged as o permit cenly one
to act, while the action of the other I8 restrleted, (due o their wnigqee proper-
tias) then,. in this case, the resultent field will not be zero as required by
equation [11}. [F than we can arrange such & unique experimant which will
pit these two agencles B, and By, against each other equally, we will have a
miti@ meang wherehy experiment alona, not unsur_lptlun nar dogma, will
give uz a clear cut angwer to the guestion of Belda, and the application of the
Frinciple of 3uperposition. It becomes obwioua that nature alone can give us
the angwer to the gquestions we have rmieed. If in auck an ﬁﬁlmt the
aquation (11) = unambiguwously not rero, i.e., H one Held can be made to act
2lone, ln the presence of the other, then this experimont will prove experimen-
_ tally the spaiial exdstonce of unigue eleciric fields, ane of which is vnigue by
virtue of slactromagnetic propertieg not possezsed hy the othar,

In the next chapter we will desoribe tn detall axperimenta which answer

the questions we have raised,
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Chepter 3
Experimental Conftrmaticns

by
Electrostatic Shlalding

In the first part of thiz chapter we will deal theoraHecaily with the sub-
jact of shislding fn order that the full significance of the axperimental wark
10 he described in the Latter part may be trengparent to the reader,

Ao ng the propetiles of eleciric flelds, there 13 no =ngin ane which
more clearly characterizes the unliquenesa of the elactrogtatic fleid, in con-
trast to Ih-e electromagnetically induced fialds, than tha singular behavior of
this figld with respect tc shielding, In arder that this phenomanon may be thor-
oughly understood, let v flrst review the electrostatic behavior and than con-
trast this with that of the other two electric flelds. This huhur!nr has been
terried the fundamental law of clectrostatics first stated by Polssom:

The aquilibeivm digtibution of the charges on conductnrs must

be cuch that the force on any paticle of slecyricity in the

imecior of o conductor, whather solid or hollaw, 13 zero, zince

in a conductor alectricity can move freely and the existence of
a force an tha particla wil]l cauge a flow of electricity, Thus,

tha aquitibrium condition requires that all charge resides on
the mtsdde surfaces and that no charge or electric field what-
soaver axist in the Interior,
Physicists are well acqualnted with the fact that the E, fleld, present
in transformar coliz, caused by & varying megnetic induction with time, dogs
— not phey thia lgw at jow frequencies, and only at high frequencies and with

* heavy shiul:lin-g crn this feld aven approach being effectively Ecreaned out.
~4 -
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Since Polsaon™s law 13 a fundamental law, which appliee o all electrostatic
ficlda, It becomes evident at once that the E, electric flald cannot and does
uot qualify as being slecirostetic in character, This means that the Ey electric
fleld miist be uniqun in natura, Althowgh mo=t physici=ts ara willing o admit
thak thig {ield, which arises from the growth o decay of a magnetic flux with
time, 15 oot m::ﬂr'alam'uﬁtaﬂc. miru'lh.alass thay cling tenaciously to the
balief that there is only one elecirle Held in noture,32Believing that the 130~
1ated motional electric field v x B/c bag been chown mathematically to be
alechostatic In character because teachera of relativity thaory hawve taught
this, .}t fe not difficuit o stretch the imagination a Mtrie further to include the
Ey [ield, We will, however, procewd to prezent direct experjmental evidence
which conflrms the claln mreasented in thia thesis that the {golated motional
elactric field is not and cannot be elecirostatie in charactor, As we have

seen, nevartheleage, this field has decepiive aspects which cauge it to resam=

ble in many ways the slacwostatic field. -

In order that the case may he transparently wndersiood, let us consider

a vary slmpla caze of relative motion, let us azaume thet we hava an Inetr-

tial system 8 which has only a undform downward verrical magoetostatic Lnduetion

B, and no aleclpostatic field is present. In the inertial aystam S', which {2
rpoving with unlform horizontal velocity v with respect to 5, the transformation
aquations (9} and {5) yiéld:

E'a X v x Blc SO ~= {12}
B" =% B -—-- - ——= (13}

32. Sleplan, pp. cit,
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For comverdense, 1ot us think of the system 9 as 3 completely cicaed
rectangularly shoped coach, made of aluminum, travelling due North with
vntu;n;w v. Let us think of B 3s the magmetic induction due to the sarth's
magnatic fleld (prasumad vertical). Tha transformation aguations (12} and
{I3) inform ug thﬂtunnhsm riding in this mfmldﬂnd a vertinal mag-
netostatic induction B*, both inside nnd outside the car, which for ordinary
epeeds wauld be identical to B, This Induction could be reduced to zero by
building around and attached to tha car a Jarge hglmholte codl which would
produce within and thoughoet the car o equal but oppozitely directed indoction
B". By 30 doing wa igolate the electric field E* within the car, An cbserver
would find ocutgide the car a uniform horirontal elaciric Held E', directed froem
East to West, given by (12). Within the car, howesver, we know from experiance
that an ordinary slactric probe would reglster zemo, or no resultant electric
Held intensity,. According 1o most intarpretors of the Spacial Theory of Relas-
Hvity, this is axactly what should be expected, since they clalm x{v xﬁj,ff_:
ig identical to, and indistinguishahla fioom, an efectrostatic fleid, and It muat,
therefore, behave similaly with respect 1 shielding, Henee, according ﬁ
this view, the aluminum coach, being A good cnnductor, bas produced within
it in accordancse with tha fundamantal law of electrostatics & surface redistri-
buticn of charge which Ixings abhgut the complete cancellation of all electric
field within tha car so that no chargs or clactric fiald whatzoever axlats in—
shde of the extericr hounding surfince of the cor.

An anﬂmhr loglcal and different concluzion may new ba arrived at hy‘
reasoning based upon our known laws of electromagnetism, The car la moving

aAcris s & magnatic induction B directad vertically downwerd, Thereforw svacy
L wre
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fremy alactron within the slumipum ::h.'lnld will experience a forca due to the
glectromagnetically induced fleld -ﬁﬁ x B)/¢ wging it toward the right hand
pida of the cor, Under the influance of thie Held a redistributlon of charge
thus tekes place untl] an elecirostatic Held E; directed hordzontally across

the Ingide of the car from the Wast wall to the Eaxt wall, equai (n intensity
and cppositely divected o the lndecing [eld is established. When aguilibrinm
15 thus established, there will be within the car two oppositely directed co-
tarminony alaceric Halde, of typas l‘.n erd E_, In batance such as to produce

a zoro repuitent eleciric intensity.

The question befare us now ig, which plcture is comect? Can it ba
that E_ ang B, are actually identical in nature and complata cancellation
within the car takes place? Experimental eévidence musi answer this quastion
and it doae, clearly and dacigively, Balfore presanting this ancwer, however,
it will e of luderest 0 note sﬂ:ﬁrﬁ the comments made by physlclists with
regpéct to this question and tha dense fog which has semtounded it. A ©0l-
league ot tThe Natlonal Bureau of Stamlarmde, giving a view in hamony with mast
interpreters of relativity theory. has, In a lettor, writtan with raspect to tha
Ingide of the shield:

I it s asaumed that magnetic induction har a certain property

tniot In confliet with anything observed axperimenially, it

Iollows that thera are two electric Helds which at evesy

point ars equal and apposite in direction, One of these

Helds results from slactromagnete induction and the other

from aleciric r:harnes_.

M it 15 nssumed That magnetic induction has another property,

not in conflict with anything observed experimentally, it

fellows that st n¢ polpt 13 there an electrlc field and on

nn slames: of sface 15 thare an elecwric charge. Theeiors.

any prediction not in accord with both of these assumptions
_ should be congidered as ]an:l:lﬂ nn experimental basis.



Srrythe, in commenting upon the problem of measuring ground speed
in an aircpalt by measuring the &,.m.1, inuced in a device by translation c
across the vartical component of tha aarth'a meagnatic fliald, statas:

The question lI'LI'HE as to whether the effect disappenrs

if the apparatys is electrically shielded in the airplane,

We know that the magnetic field will penefrate nonmagaetic
matallic conductors , but wa alec know that the induced

elestromative forcas in the shiskds will =t um glactric

fialds tending to counteract the flelds Induced inside, 33

Thus, 3" finds his alrplane In » tranaverse plectric flield, v x E.'I."l:.
He cannct therefcre use any meiallic shields about his apparatus,

Hars nquin wa have the uncertain popular view among physiciata aa
to whather E: and Eo are in this case ldentically equivalent concepts which
completely cancel each other. We will now show that this does pot occur,

The Jroning Board Experiment™*

This crucinal experiment was o0 named becawse the spparalus TEem-
bled somewhat an irordong board on wheels. The object of the experiment was
1o detect end measure the voltage Induced in a test coil by the moticnal _ )

electric field E'm while it was In 2 balanred and uncanccelicd state with an

emual and oppositely directed electrostatic fleld Byt {sec following page)

33. ‘willlam A, Soythe, Static and Jhmamic Electrlcity, p. 500,
{MeGraw-Hill, 1939), ' '

. 34, Egbert Jones and W.J. Hooper, Phyzics 401 Prolect, March
26, 1954, Principia College Library.
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FIGURE 4

'Ihr&a electrical cirouits were employved, ail lying in hocizonial
planes, parallel to n large laboratory locturs teble. The test clroult con—
siated of 2 coll of 100 tucnzs of No, 27 BAS gawge insulated copper wire
wound in a groave on the 3/4" edge of a plywgod form in the spproximete
shape of an ironing board 1" x 7' 4", aa shown in the scale diegram FIGURE 4,
The terminals of this coll were connected to a4 Leeds and Northrup Micro—
voltmeter which was mounied on the plywood form, which 1o tuwrn was edquipped
with rubbar-tlred wheels go thet It could be pulled at 2 wniform Futh-jﬂmth
velocity slong the lacture table by un electric moter coupled to & raduction
gear. The preclse velocfty was calculared with the use of a meter stick and

an glectde Hmer. Sormounding the forward apd of tha test cofl, a second

" chrcuit was wound on a pl}rwmd extenslon consisdng of a slagle strand of

No, 16 BhS copper wire held at o constant two inch distance from the test
circuit, and carrled a uniform direct cumrent s¢ adjusted that the magnetic
flux B lur-ml.mrling it woald exactly cancel out the vertical cuﬁpnqem' B
of the garth's magnetic field st the location of the lest circulit, The third

czircuit was a large acowately constructed Helmholt=z ¢oll 8o mounted in
-“-



the laboratory and adjusted that the trailing end of the test clicuit moved
herizontally in the central region (between the two colls} in which the veitical c
component of the anrth's fleld was completely cancelled, ﬁe entire tast
:::-in:u.lt ln:ludl.ng.ﬂie mmlm wosd electrwstaticelly shielded. A very
heavy coal of aquadag was applied over the best coil and the top and bottom
of the supparting plywoed frame. In addition, aluminum foll was wrapped
arcund the foeward semiclrcular part of the test cail, and finally put ovar the
entire front portion of the apparatus. 'Whan moved uniformly along the table!,
the shizlded wires of the test coil along the twa sidex of the frame move
longitucinally -in tha aarth's magnetic meridian and therefore, cannot cut

any flux, The tralling end of the test exnil In the central ragion of the
Helmholtz r-::ﬂil ltkewlse can cut no flux. The forward end of the test ¢oil
alone cuts the vertical component of the earth’s Figld, and 5 at rest with C
respect to tha cancelling flux B® of the secondary cuil, The shisld, with the
excepton of the portion within the Helmhaltz ccil, likewise cuts tha wvertical
component of the earth's magnetic fleld, We now have a parfect set—up

with which to tegt experimantally whether or not the uniform Lsclated mo~
tonal electric fleld 18 equivalent and idnnucﬁl tc the electrostatic fleld.

The: walls of the shield have induced in them an 2.m. f. which drives elcc-
trons to the west side and leaves a positive charge on the enst side of the
shield. ¥re know that these charges will l:.mlld up until the electrostatic

flield caused by thie separation of charge will be everywhere within the shield
equal and opposite to the intensity of the motional electric field giving rse

ko kit. If they are equlvalent and identical Ln nature, they will completely @
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cancel sach other and the leading wiras of the test ooll will be in a fisld
free apaca,. If a voltage 18 induced in the test onfl, it will be because these
Ly -] ﬂelds de not cance) dach other, bacausa they are unigue and different
in thelr fondamental physical natures. Table H glves the mesuwlts of ninsteon

different velocitias which wers carefully measured:

Table 11
Trial Nao. Distance Time Valocity kMicrovolts Microvolts
Cm, Sec. Ci,/Sec. Chs erved Theory

1 .5 df, 1 « 026 10.5 10.3
2 20.0 28,2 «7DE 11.5 11.7
3 20.0 20.6 - 698 11.5% 11,5
i 20,0 3l.3 - 639 10,2 0.5
E 20.0 26.4 + 704 11.2 11.6
6 20.0 30.1 « 665 10,5 1.9
7 .0 5.4 .0Bb 1.0 11.2
a 28.0 29 .0 - 580 11,2 11.4
5 0.0 28.8 « 698 1).3 il.5
18 20.0 L 3 1 » D4 10.5 10.6
| § 200 30.8 oyl C1G.5 10.7
12 20.0 <11 .651 14,7 10,7
13 20,0 31,7 632 10.7 10.4
14 0.0 32,1 623 10.0 10.3
15 20,9 32,5 .615 0.2 10.2
iG 20.40 32.5 « 516 10,0 10.2
17 20.0 32.2 - 523 in.l 10.3
18 20.0 3z2.0 525 10.5 1D.3
i9 20.0 32,4 018 10.0 10, 2
' 2.l - 204.5

v = nwBl {volte); n=100; B = .55 x 10~ Wehers/m2
1= .30m . Mrayage values~- 10.64 10.76

The exparimental average value of induced voltage ia lower than the
-nal:ulntad theoretical average value by only .1.11 % and ls well within the
possible exparimental emmor,

The argument has bhean ad‘l.ram:ed that this experiment provan nnthlng
kince by Faraday's Law an e.m.f. 5 induced when there is a Ume tate of
changs in total flux Lnking the circult, and this experiment involved such

_4.5-'



a Hma rate of change amxl , therefore, the resalts obtained should have been
expected, for it 15 known that shielding 13 not effective in transformer cases
in which this law i3 applicable. This argument 13 not valid for the following
reason. We have ghown In Chapter 1 that the flux lnking a slogsed circult
can be changed in only throe possible ways: {1) flux cutting, (2) the arowth
and death of flux as in ransformar phenomena, (3! special switching arange-
ments, Items (2) and (3} ware obviously not lovolved in this experiment. There-
fore there can be o appeal to ransformer phenomena. The Aux density B
is constanmt throughout the experiment and therefore Maxwell'z equation Curd
E = - JB/»t, which is his interpretation of Faraday's Law, cannot be Invoked.
The expesriment {5 sc designed that the only pussible aeat of induced e.m. 1,
would have to be in the aluminum shielded leading wires of the test coil, The
motional ala-::tri-':. fleld atone iz inwolved.

A brief account of two other shielding axperiments carried out in the
writer's laboratory to provide Interesting qualitative demonstration equipment
will now be described. ‘

The Trapeze Experbment

The rapeze bar wiasd made ¢ gix-ome meler length pieces of soft iron
plpe taleecoped one within the other. A simgle strand of inswlated and elec=
brostatically shislded wire was thrended thrmgh the innermost plpe of the bar
and fastened at two places in the celling -*:of t-h.-;.- laboratery in such 2 mannsr
48 o permit the trapaze to awing horizontally in a Noxth-8cuth direction while
the aupporting wires on sach side moved in the magnetic meridian and thnmfnre

conld cut no magnetle flux. The shielded wire was connected to a sensitive

~a50_
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wall galvanometer which wae also shielded. Here again we heve only the

_ lsulaﬁd motional electric fleld iwolved, for it 13 well known that tha iron

pipe would completely acreen ot tha earth's magnnﬂ:: field from the interior.
With thiz simples agparatus, it can be readlly dumquutrutﬂli that any small
horizontal movenernt of the bar causes » deBection of the galvanometsr
directly proportional to ita velocity, No massurabla magmetic flux exdsts
within the Lmarmost pipe, but ths electric Beld ¥ = 6 1s prasent without
dimiaution, and uticancelled by the equal and oppositely directed electro—
static fleld set up by the separation af change in th= shleld, The wira Ln the
pipa cut the vertical component of tha earth's magnetic field, but wra at
rest with reapect 1o the bar, The deflections of the walt galvanometer for
a g'iv-nn Apeed were Identical with or withount the iron pipe and electrostatic
shimlding around the wire In the ‘trapam hEr.
Ihe Aluminum Box Experiment

In this experiment the: entire apparatus wag mntnlm;ﬂ in a n::ln!iad
aluminum box which was moved borizontally in a Horth=-5outh direction on
a Iaboratsry table, The test coll wae rectangular in shape, mado up of
many tums of fine, Aexible insulated cﬂpp-ar wire, The MNorth emd Somth
sides of the rectangular coll wers rigidized and supported in the same hoed-
rontal plate within the box. The South side was fastened 1o the ingide South
wall of the sluminum hox and the ten.nm:lls of the eoil were connected to a
sensitive ::'-url.nbln galvanometar slso mounted on thdg wall 50 that the pointer
could be read through an opening in the box. The Worth side#fﬂmnnl-l WAL

:uppnrted in a fxed position by two plastic rods which ware clamped to

whl=



fixed vertical support iz on tha takle, snd extended horizontally thromgh
holes in the aluminum box. The flexible East and West sides of the tast
cOoll hung in the magnetic maridian of the sarth’s {iaid, Ay movament Neorth
ar South of the Box thus couted these wires to sither sag or become taut
respectively. The presence of the_-unnan:euahle mi:l;ma] alactrls field
ran be demonstrated to be exictent in the test zoll whan the box 15 complotely
closed and moved with various spesds, North or Bouth, acroas the earth's
vertical magmetic field component. The duﬂecﬁms of the galvanometer with
various speeds of the box are identical with those obtained when the shield-
ed box i3 elimlnated from the experiment and jugt tha south tide of the coil
and the galvanometer were moved a8 belore,
Summery

Let us make a brief summary of what we have thus far prasented with
respect to the motionsl electyic Held, Mathematical, operatlonal, theo-
retical and experimental svidence convincingly confirm the Wn;:ept of the
motional electric flald as physically real and distincily wnique, I mag-
nitude varies with reference frames in a manpner unlike the electrostatic
field. The ¢rux of the theoretical argument jnvolving this field amounted
1o the fact that the direct Irnnsl.;ﬂr of kinetic energy fram a prime maover to a
charged particle can be logically traced in detafl apd I.n aceordance with
Enown laws, and fully accoumts for all -e;nargjr transfer, whereas the conception
of motional el?ctr.’l.-: ficld enargy exizting at all and being disiriboted spa—
tally, in addition to being capabla of bansfer, 1s next to impozsible., 'J.'ha

crucial evidence of uniqueness 13 s¥pecimental and it ha= been shown that

-32-
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this field does not obey Poissor?s Fundamental Law of Electrostatics with
respect to shiakding. [E the magnetic field has no physical renlity, then when
the motional alectric fleld was balanced against an equal and oppoELte
alectrastatic field, the magnituds of the two tarms In equation {5) of the
*New Electrodynamics™ would have been ldentcally eque! and cpposita

and their algebraje shm aqual to 20T 'Ihn. foragoing sxperimental avidence
requires a concept of something réal to account for the resl difference experl-
memtally measwred, The magretic field and the motional electric fleld con=
cepts constituts that "something of fundamental physical significanen™ which
wes intentdonally but (1advisedly omitted In the new formulation in terms of
pit'l:ll_:le alectrodynamics.

Upon the foregoing avidence we rest our cass that this motional field
is uwnequivocally » unlgque electoc fleld possessing ita own nature, ba=
havior and propertles, We have asked nature a question and the reply iz
clear and unequivocal, Quantitative and qualiiative e:-:perhllenl:al evidenca
puch a2 has been carefully obtained in this ¢pae always has the lagt word.

It closes the door on controversy end opens it wide towand the dawn of new
horizons. Nature herself has given the answer which, in the wands of Enrico
Fermi, should "indeed be of great significance and consequence” 19 our
sclentific knowledge, The :lmplicnu_;:ns and consequences of this dizccvery
will be discussed more fully later. They do, however, lead us immediately
to the necessity for making inminr into the bagic nature of the anulnﬁgus

motional ¥ x Eﬂ: magetic fleld. This we will do in the naxt chapter.

-£3-



Chapter 4
The Motlcnal Magnetc Fisld

The classical belief that nature provided us with one and cnly one
mametic Held has so befuddied reaeon that physiciste have squght to ellm-
Inate the magnetic Held concept entirely. To illusirate the ambiguity, tha
magnetic feld arizing rom two operationally different sources will be de-
scribed,. The impossibility of these two fields being identically the same
becomes apparent upon comparisons

!'ili The magnetic flux arising from the steady flow of electricity
in a salencid can he mezaured 1n Intensity and in spatial energy content at
any point in the suwmounding space by an observer, aither at rest or in
InCion wWith respect 1o the solenoin.

{2} The second sowree can best be deacrbad by o quotation from 8ir

Arthur Eddington:

Consider an elecixically charged body at rest on the earth,

Sinee it e at rest, it glves an electric fHeld, but no megnetic
field, But for the pelular physicist it 1= a charged body

moving at LO00 miles a sccond.,. & moving charge constitutes

an glectrie current which in accordance with the laws of elaciro-
magnatism glves rise 10 a magnetic fleld. How can the same body
both give and not give a magnetic field? On the classical theory
wa should have to explain one of these results as an illuajon. . .,

On the relativily theory, both results are accepted, magnetic fialds
are reiative, 35 '

3%, A5, Eddington, The Nature of the Physicgl World, p. 22
{(Macmillan Co., 1929).
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The magnetic flald priaing from the =otencld is obvicusly born by
tha cooparmtive relative motion beﬁuaan unlike electric charges, such as
tha flow of nagatlve electrons past the positively chamged atoms in a copper
wire. This type nl:magmtnat-tic field Intensity iz given the symbol fis
and 1.3 ldentifled in h:pxowell's eqguations by Curl EIE_ aj whe.rﬂf is the cumrent
densivy. B =’.q,i::ln. jals the permeahility, (mks unlta)
. The pecond type wa identify by the symbol I'-I,- amxl arises wholly
iram relative motion wwith respect to electrdc charges. Its intensity
Hp, =V % D, =€V x E,, (mks unfts) wharetis the permittivity, and D, =g E.
That tha two magnetic fialds Hy and Hy, cannot poe gibly be [dentica)
in n_ature 13 proved mathematically as in the case of the £, and the E, slac-
trio fields, The gensral mathematical expression for these two flelds are

obtained from the Finatein transformation equation {5) in free spoce where

B = H In ahsoluts gpussion {¢.9.2.) mits as follows:

E'5=EIE=Eﬁ5 u-ﬂ’
pned - - - -
Hy=8_ =¥V x Ep =—=m=== (15)
Y]

whare § = lz’\r l=-lv/c)? and o= 3 x 1010 e;':m.fsa-::

Inspection shows that if the two magnatizrflaida ITIE ='¥ﬂ, and
'I-I'm =§i * E.:. were paralle]l amd halanced agalnst ench other, for constent
vnlne': of E! and 'E::, there 15 one amd nr-llr-nne pnu:;ihle value of v for which
theza two fields would have the some numsrical value, In other words, §f
thay wera balanced against each other in one reference feame, they woutld
immediately be ouwt of balance and could not posstble cancel each pther In

any other [rame of referanca. Hence they connot possibly be the same kinds

- E,-



of mametlc Hald, becauza thev bahave differently with change in referonce
[rames, ~
B aupe Em --f_z-fc is B magnetio vertor directad at right angles
both m?mﬂ'ﬂh the e.’l-acm.a: ﬂeldEc can do no work, since any displacement
of 5 mngmtlu particle will be a deflaction at rght angles to thia field. The
I_"l-l magnatie field, however, can imparl energy directly to a magoetic particle
from ita field energy.
The two typea of magnetic flalds described sbove have such obvions
dissimilarities that the only possibility of a consistent satisfylng pioture
of them i obtained by the application of Bridgman®s Operational Viawpoint.
Whan th!s iz done we ses these fields az unlque. The first typa ﬁs b
analagous to the Coulomb electrical field E_ in that it has phystoal realtiy,
and has a spatlal distributlon of magnetic energy Ju%i ergs/cm? . The
motional magnetic Held H_ is analegous to the By field n that it too dis-
appears when there s no relative velocity.
The intimate relationship and unity between Elect_riclty‘ and magnetism
is seon in these hvo fields, The motional electrie field can be described
as a magnetlc deflection phenomenon produced cn moving chamges, and the
motlonal maquatic Held can he viewod as an electrie Held deflection phe-
nomenonl which will act on moving magnetic pﬁles,
Cne of the thrills ¢of this research project was predicted by Bridgman
when Le wrote,-"In this :elf—mns.cinus search oy phenomena mm&
maﬁumEL&E eoyrationally independent concemts, we may expectto (nd a
pevierful gygtematie method directing ihe discovery of pew and sssentially
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important physical facts,"36

It Is worth our while to note that we have six such unigue field
concaptz gchown on page 1l instead of the elassical Wwo, or the modern par-
ticie dynamics with'-nmrel Theag new Aeld concepts when understood in
comnection with the equations of modem glectmdynamics completely elim-
Inate the paradoxcs =nd ambiguities whl::li have plagued this subjact for
years and sxplain electromagmetic induction which particle electyodynamics
cannot handle, Most of all, they open up new horizons for the unification

of the three great Helds of elactricity, magnstism and gravitation.,

36. Ibdd., p. 224,
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Chapter &
Gravitation
In the limfitad nature of the math-

ematically sxlstent simple flelds and
liwe eimple equationz possibile be-
iween them, liea the theorlsis' hope

of graaping the renl In 2]} ita depths. 37
It muy well ba that the appmoach to a
now theomy camot begin mtit the math-

ematics] nature of the old ones is clearly
wnderstood. 35

in the previous chapter we have shown huw Bridgman's Operational
Yiewpoint applied to our "...exdstent simple ficids and the simpie cquations
possible hetween them...” hay enabled us 0 gain an wnderstanding of
s o The mpthematical nabure of the pld. .. clazxical equations of elacto~
dynamica which befcre were beget with Lmitations, smbigulties and paradoxes.
In order 10 obtain correct answers to our problems, it has been taught
us that they must be analyzed nmratiunal.lf'm to determine the particular
types of fickds that are ivolved, and the particulsr formulae amoeng the six
fiald typas available muet be salected and employed for the solution, The

properties of each field type must be taken inte consideration in working out

3%. Rlbert Einstein, Essnvs in §clence, p. 110 (Philosophicat
Library -~ Naw York, 1934).

38, Freeman J. Dyson, Scientific American., Septamber, 1953.
40, This bacomes self-evident to anyone who will review tha pub—
Heatbons alveady cited, referring to Cohn, and ta Moon and Spencer.
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soluddons . This clarfied streight forward procedure, working with unique
fild types, mfords present possibilites that were not avalloble to Einstein,
dug to mental doors which wera closed.

1t was wlthrl:mt mquestion Frofesser Einsteln's )ife ambitlor. 1o Hnd the
link bmiween the yravitadonal flald and the phenomena of electricity and
magnaliam, The rcason for his [allwe ap;-haus now o he transparent i the
Light of this thesls. Most laterpretecs of his special theory, including Einstein
himself, recognize the exiatence of but one electric field, In spite of the
fact that 3ir JTames Jeans hes pointad cut such am interpretation of the tenne
in the transformation equations of his theory 1s not required by the postulates
of the theory itself, 11

[n tha English tranelation of his volume, "*Mein Weltbild: Einziein
makak several very perdnent remacks which bear upon this thesks:

It would of course be 2 qreat stcp farward U we E'I.II:-:I:!EEd-HI

in comblning the gravitational field end the elecTo=-magnetic

Held into a single stucture. Doly so cowld tha era in theo--

retical physics inaugurated by Famday and Clerk Maxwell

b Drought ta a satiafactory clos e 42

In thia chapter we deal with one of the "simple fields® which has been
known for yeare and undversally employed in the generators of our elactrical

power plants, the unigque nature of which has heen nnrecognized and its usefol-

ness ooly partly exploited,

41. J.H. Jeans, The Mathemptical Thoory ¢f Electricity and bagnetisw,
p. 606, ([Cambridge University Pross, 1023) :

42. Albert Einstein, Eggavs ip Sglence, "p. 19, = ~  (Philosophical
Library - Mew York, 1934)



The gremtest hurdle to be wumumu in attempting to link gravitational
force with any of the other known [ield forces of nature, is that property of E
gravity which enables it t0 act withoot ahparemt diminution in and thoouahout
ali kirulx and combinations of mattar, Ingofar as we are aware thare s no
kind of matter which acts as an effective reflector or absorber of this fores.
Let us now review the resulta of the n:l:pnr:lmants dascribed in Chapter
3, the Irondng Boapd Expeximent, the Trapaze Expeciment, and the Aluminum.
Eox Exparimant. In all ¢of thesa sxperimants the motional elactric fliald ¥xD
suffered no diminutlon by virtue of any of the kinds of electrostatic shielding
employed [.e,, iron, aluminom, bross, aguadag). We knew with certainty
whers the seat of action of the induced motional esilectric fiald was locsllzad
In these experiments. The behavior of thig fleld In these experiments, there-
fore, has aspects which are exactly similar to gravity. Even when the re- C

!.ultu.nti itaelf 12 reduced to zem, ¥V x B exists unaltored! ﬂ_%m

gxdsts, Ip our knowladge, with such gn unaltersble and pagsizating natue
excepl thal of gravity}

With the experimental discovery of the fact that the ¥ x B fleld con
in oo instance be shieldod from a region of space by & conducting shell and
that It does not possess the propertdes of an electiostatic fleld, as has been
tacitly assumed by theowetical ph;rsil:intl_l without experimental evidenca to
support i1t, we are brought face 16 face with tha fact that thiz ¥xE fald i3 really
something entiraly diffarent than it has been hitherto thought to be, in aplh_u of
the fact that it 15 the generating fleld =0 sctive in our elecirical powsr plonis.
Tndeed 1 will be ‘shown that this field should behave 1n a manner that 1s iden- &

tical 40 gravity. 60
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Lot ws remember that thls V¥ x B fleld is sn electric Held, that is, Lt

will exerct = force om, and will cacee the acceleration of elecirc -nharges.

In this respect it e similar to an electrostatic fleld. But .1.'.1'|L.rzl-aw::t:‘i.-'.:alll‘jlII
neutral conchactor p.l'-m:ed in a ¥ x B fleld is acted upon differently than when
it 13 placed in an alectrastatic fleld. In the latter Held only an ontside
surface redistribution of charge and field take place whereas in a V x B Eeld
lhe neutral conductor experlences an Iotemnal edlisiribytion of -l::hﬂé throsah-
out jtg antire imiedor with two types of el=ctdce fields existent within the
interior, balanced against each other in the equilibrium =tate. This Etate

of affalrs haz been expedmentally varified in the writer's laboratory and this
evidence is the crucial blowr which everthrovis the pogular view that the ¥ x B
figld is electroatatic im natare. In the electrostatic case the fleld is enticely
on the outslde of the conductor, wherzas in the ¥V x B case, this Held axists

both without and within the conducton, ~

Within & conducting enclosure which is placed in an electrostatic
field, this figid is well known ta be self cancelled, wharaas when plac-v.zd in
a motlenal electric field, this field gi.'.r-as rise to what has becn thought ta he a
cancelling electrostatic field egual in magnitude and oppoaftely directad, but

contrary 10 popular belief this motionsl electric field is uncancelled by this

induced electrostatic field gnd pemains undiminished in intensitv and in

balance with it. This immunity o capcellstion by shieldipg js the property
which it has fn compon with aravicy,



I §a the penetrating propesty of the B x ¥ flald which qualifies It

43

to play tha role of a gravitational fle}d. ' This field can reach to cvery

part of atnmic ggucturs and in end throughout the nuclour,  Bngnatic ahizsld-
Ing canmat prevent it bacause B X V exlxte , regerdlese of the prosance of o

I'ES'I.II.MHIE which may or may not hl zaro, [k seems .:lr_-::radibln that this
penctrating nature wap discovered aven in the days of Farnday and yat 30
little attention has b=en given to it.

In describing tha work of Feraday on clectromagnete fnducton, Maxwgll
stated that the Uttensity of the induced slactric Hald ~i3 entirely jndependant of
the nature of the substance of thi canduckor 1o which it acts 1 4This was atso

later found to be true for dielectilc swhatarwes g3 wall a3 conductors.

M.atter, a2 we Kiow it, cnnsist# of elecirons , protons and neutrons .
The actus! nature of the neutron iz not known with certainty. This wa do
knaw, that a nentron does emit & beta particle, an electron. Wa alzo know
that & proton can by electron capture tum lato 3 nettron. While the present
tendancy iz against the belief that the meutm conaists of a proton and an
electron in ¢losa bond, this thesis asswmes that it does have an internal
gtructurs composed of opposite electrical chages., Wa do know that it hae
a mrgnatic moment, If mngnal:ls;n is due 0 charges in motion, then we can-
ot be {ar wrong In this assumption. Electrons and protons also have mag-

netlc moments. In other words each of the elemettary particles which make

43, The term E x V is used when nnar refers 1o a socurce which
causee a wognetic flux B to move with a velocity V as would be the case
Hilm_t;:h& ficld criginates in atoms of mattar. Basthematically, Vx B =
-Bx V.

44, Clork Me=xwall, Eleciyicity fod Magnetizm, p. 181, Vol.11.
62~
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up ordinary matter hes agecciated with it a magnetie moment, clectric chage, -
or charges. In the experlments of Stern and Gerlnch mrgnatic moments ln‘ere

™
measmred by causing a bopm of particles to pass through a wedge shaped ﬁi
3
3

that in thias case the magnetic fleld doos not fotate with the pagnet, 1e;t us Q

magretic Held which deflected t-h-a.n!- '

o
let ys consider a eolid cylindrdcal bar magmet. of circular cross '.‘

section rapidly mtated about Lts longitudinal awis. While it Is 'Well Imnwn -

assuma for convaplanca, that it does rotate with the magnet. 1f the axis
of this magnet 15 vertical with the North pole uppersecst, then in the agua-

alplnnam!dwnrhltwmthapale:uiﬂmmmtwnwﬂlh!vuamagmﬂc Q‘?‘?
ficld everywhere directed vertically downward, nnd the motion of this fleld Y

K.

will be toward the observar on one sida and away from the cheerver on the gug .

cthar slide of tha magneat. [n thls squatorial plana thera will also be a radial < "’
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hardzontal B x V electric field. This fleld will be convergent or divergent

dapanding on the directlon of rotatlon of the magoet,

Timag O
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i3 placed in a comvangent or divergent B x V elactriz field, The planetary
electsons will all experience a force which will ahift their osbits slightly,
say avway from the axia wharaas the nacieus would be pulled toward it.
There wi]l ba a very emall diffexontial 11.1 the magnitude of thesp two foroex
due to the slight ahift in the position of the center of mass of the electrons

with respact o the position of the ruclmis, In this case, the push on thé

{M'%_ - P T

slectrons will be loss than tha pull on the ouclens. The net effect of this

will ba a small atiractive force which will tand to move the atom towand

bl
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the axds of the magnet. Pven a single neutron placed in a convergent
B x 7 elentrds field might experience this attractive Eurqe If itz consiituents {:
are oppositely chamged attrectve particles. Such a fleld might be smployved
io investigsate 1he mnmpusii:inn of the newtron! The omx of thiz pager 15 that
I propoggs that gravitayjong] force j& pone ether than the difference batween
the pull and the push of a converaent e diverannt B x ¥ electric field acting
on the glecirical congiityentsy of aicma.
The consequence of this proposal would mean that the phenomenon
of mass 1& independemt of weight. An electron alone 1n such & fleld might
be rapelled while a proton would e sttracted. This is o staggerning thought,
but do we know of a certainty that ah electron or a proton by itaelf actually
has Wﬂiﬂ'ht;i' Might not the negative charge which the carth is known to
possess be due ta a radial convergent B x 'V fleld emanatizxg from the atoms C
cempoeing the carth? Tirall nautrgl mabter comslists of cqual numbers of
oprpositely charged electriral particles then the total mass of a hn&r would |
be proporticnal [o the total charge of one sign contalned within §t. It {5 bepe
proposedd that the ganh's gmyitatiens) field might well be a ponve
B xV field. We kncw that such a radial field is uwnigely qualified to pene-
trate within zll space occupied by matter and produce a differential at-
kractive force toward the carth's center of grwi.tjr by zeparating elementary
charges of opposite sign only B trifle from their normal mean positions and
thus making the pulling force on tha positiva charges slightly greater than
the pushing force on the negative charges.
Ench of the elementary particles of which all matter is compased is C

Blso an elementary wmagnet. The atom EJE today ls & dynamic madat. Each of



theae magnets has mokon of aome kind —— orhital, vibrational, precesslonal.
_ In addition to possessing & nﬂgmﬂﬂ momernt due to spin, planetary electrons
orbiting nuclei generate magnetic flekis. These mnt.icma of the slemantary
magnets produce B x V flelds which extend Into space outside the stom.

Nowhers in modern theory 15 an account given of these supar—impoged B xV

flelde emanating from ali _matter. One might think that in ordinary nonmag-

netic mattar they would all cancal ot since this 1z what heppens with the
magratic flelds in such matter. The electrons erg palred in the various
enargy sbhelle {of most atoms) in such a way a» to effact this cencellation
of magnetic Halds outeide the atox, Theory shows that if two such paired
planetary electrons revolve in cpposite directions, ane clockwise and tha
nthal: counter-ciockvise, thelr magnetic fields due to spin at a point out-

slde the atom can cancel each other and that their B x V flelds can con-

structively reinforee each other. The capital theoretical digcovery, howevey,

comes fram a 3 of the magnetic flald gener, oo of
tho planetary electrons. The negative elecimon, revolving about a positive.

nucleuz, cloclwise ar counter-clockwisa, glves rige to a B x V feld which ig,

in either case, always directed radially jnward toward the nucleus from points

outside of stoms. The magaetic fields of two such appasitely revolving elec-

trons will cancel, but the BxV Elelds reinforce each other. That thess

Helds are directed radially inward makes it pozzible for tham to account for
the kmwrn drift of positive iong in the atmosphers down toward the carth and
the apposite movement of negative lons upward. Becauses of its promising

potentialities 1ot us now toke up an analysiz of the magnadce field and

- FIE.-E,-



motional elactrie Held arising from orbiting planatary electrons.

Lat us take for our model the simplect possihle example, the Bohr
Hydrogen Atom. Comsider the muclear Proton at rest and the negative eleg-
fron ad revolving In & cuﬁulnr orbit of redius r, about it with anguiar velocity
w. The Amﬁn!“a-ﬂlut—smrart Elprﬂﬂh-:lﬂ for the magnetic ficld B generataed
about a charge | moving with velocity ¥ is in mke units:

TR '] 7 - U —
where T 15 the radius vector from g to a point P where B is measuwred. If tha
electronde change ~q is mowving thivugh free space without sssociation with
naighboring charges then we know that E appears pAs a motional magnetic
fleld due 1w relalive velocity of the electrdc field of the charga with respact
to the chsﬁwer at P, In thig cass, H the chserver moves with the sama
velocity v a5 the charge, then the magnetc feld at P disagpears. ©n the
other hard, if =q is moving In a Mnear conductor with ralative velasity o,
then an obrerver at the paint P will chserve & magnetic snergy ﬂv:-*.ld E, whether
or not he 1s statlcnary or moving. The actual value of E will of course be
altered if tha observer takerc on relativistic velocitias, But B will bc ch-
served in any frame of refarence moving thvough, or statlomary at, the polat
P, We now inquira with regard to the status of Bata point P whzn the planetary
electron is revolving ahout the proton im a Bohr atom, Eir-u::e we know this
Hleld is pamgrated by cooperative action with the positive pucleus and that
Planetary elactons ln magnets contribute components of crbital magnetic mo—
ment, we know that 5 must be an enerqy type magnetic [ield. The Ampere-

Biot-Spvart {orpula requires that 2t any Instant the meximum values of B
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will be found at pointa along a rotating radiva vector drawn from the moton
through ~q to tha point. This means that the msqnetic field enemyy of B is
merving in a concentric crbit with the elactron, with a tangentinl velocity
Va= {ru + fiw at any pumt a distance r from =g, If_thf.- magnetie field which
the electron carries about It as It revolves in its.mbuwm of the motional
magnetic Hald typa E,  V genarated golely by the rolstive mation of a single
aleciric chorge and an ohseover, then mmld hardly impote movion 1o 1.
Howevar in this case wa kmow the magnetic energy is itself a physical realtiy
by virtua of it3 known type. Thiz loroldal-like band of encrgy obvicusly holds
a Iixed relativa pasiton with respect to the orbiting edactron, and henca
maoves with {t.

| Thie movieg megnetic ficld, we know, will in tum give Hse to 2 mo-

tional electde fleldd B x V, This is Hlustated In the accompanying fHgurs.




When the electron has & cownter-Clovkwisa motion In #3 arbit, it will give
rise to 2 B at the point P which will be directsd up out of the psge. ¥ will G
have the same d{rsction as v, and B x V will be directed radially itwrard
toward the proton, We will call this a convergent motional elechric fiald,
Let us nnwcnlculnteﬂlevahunfﬂlisﬂeldutnnrpuianmﬂte mdius vector
from the nucieus through —q when the electson i the wpper part of its orbit,

E_ B x V= wale x 8 %9/

m«m:}} rp ¥ = oW ond v B row

En™ -:Fn!rgfr BpproXimately «-seosssoso—sssms— (L7]

We nota that as the electron #Hl'l;:ﬂﬁ through the upper balf of its
orbit & motional alectric pulsae diractad towasnd the tuelear proton with a max-
imum :Inte:;ﬂi_w varylng Inversely as the distance from the electron should
he pepzent 2t the point P. Az it gonotinues to swing throuwgh the lower part C
af its orbit It 13 at thia timae not clear just what effect will be present at
P. Our knowledge of the structare of the fundsmental partictes is so amall
that we cannot say whethor or not the slectric field about the proton ltgelf
will rotate about it as the clectren revolves In its oxbit. The electron 13 the
particla in motion and there appeavs to be good reason to baliava that the
megnetic fiux generated arcund il will be confined, on ane 5ide mostly between
the alecivon and the proton, amd an the other side of the alectmn ogt inta
space with ita maxiwmum intensity lying in the electron's nq-uqtm'ia.l plene at
right angles 1}5 arltal velocity. Thix Iz claarly not the equivalent of the.

pffect due 1o a continuous currant flowing in a conductag circular locp. In

. this I.atl:er_ coje one would have a magnetic dipale at any instant in tima, C
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whereas In the case of & single electron we are dealing at ench inatant in
time with circular Joops of flux, without poles, with the electron located
eveentrically within the circles,

Let us dlgrn'.n at this point and consider nquther phenomenon to which
we shotild give some attention. An elactron has =pin.and Is iself a small
magnetic dipole. As it travels around $te orbit it carvies with it the magnetic
flux emanating from it. O experimental knowledge reganding the behawvioc
of magnetic fields with respect to rolation abowt axes of magnetic symmetry
1z such that we can state with considerable certaloby that the magnetic fleld
of tha epinning elaciron should undergo a motion of rpnelation qnlv. as its
axis revolves in the electron orbit, Thia means thet at the point P in Fig--
ure E; the magnetic Aux due to the sleciron will partake simultanecusly of
two superlmposed linear simple harmonic motions, ong toward and away
from the stomic nucleus and the other at right anples to this dirsction,

As the magnetic fiux moves acmes the point with these 1wo .;nntl.ms. .tH'*D
component motional electric felds will be induced there. The motion of

flux toward and away from the proton will induce an altemating electric

. field which will always be at right angles to the line 4. The woticn of Sux
at right angles to this Mine will lkswise induce an alternating elactrie Held
which will always be direcied along ‘I;his lirs: but will have a grester intenaity
in one direction than tha other. The vactar resultant of the motional electric
fOeld E at the point P will ba & variable vactor, rotating muﬂu'--:lonkﬂ_*isa
with atwyular velocdty w and it will tace out a lpear—shﬂpud Bgure with tha
malor axis directad mlong the lina d, The point P (s near the top of the fig-

urg farthest removed from the atom. {see followlny pagel
59—



E=¥xV
w =%‘-’lt; = angular velocity in nod/sec

counter-clochkwiss

E = Electric Intensity of B x V fleld
in volis/m

B=0 majnetic flux dengity dua to
D3 Mfn Whnt) at B Itie direc-
ted down Into the paper.

N = proton mucleuns

W = glectron magnetic mowent dirac=
tad up out of the paper.

V= rw = tanqantial valocity in m/=ec,
FIGURE &
it «an be teadlly shown thal the motional electric field intensity at P wil)

ha glven by - ~-—- -- 1B}

E - E xi - wa-iﬂi: “’hﬂgii A unil vector ]lﬂl'allt'-] g F
DA but cpposltely directed.

Bince D =_\;c= Findert-{d-rlos g 2

E= M
r251n29+ (d-y Cosg)2 J3/2

Since Sinté + Coslo = 1

- ™
E= Eg!m
Er +d2—2r:lﬂusg.33f3

and when@ = 0° E= Jugw toward the atom,
" {d-0)

whene= 180 E=Mqw _ - away brom the atom
(d + =

and when & = 30" or 270°

E =
[di+1-2| 2
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Graphed as & function of time E,, along ¢ would appear somewhat as chown

el
&y

FIGURE ¥

Whereas B would resemble a sine curve with equal positive and negalive
amplitudes .

Owr analysis ttus far has led us to two quita dissimilar motional
eleciric fields which should be found emanating from all mattar. Tha first
One ﬁa Inurd zrises fom the rotary movement of the magnetic fhux which foams
around the plenetary electrons in their crbital travel. The second aroze by
virme of the translational motion of the magnetic flux of the spinning elec-
trons as they ravolve In their orbits, The Hyst effect gmr;tns & radial elec—
tric intensity which vares invorsely as the distance from the planetary electron.

The second effect varles Inversaly ag the cube of the distance. We ghall now

. show that the firet affect could very well he the agency Siving rise Yo gravi-

taHonal attraction, whereas the second sffact would produce a very short
range sttractive fiald varying Inversely a3 the fourth power of the distance
which cbricusly disqualifies It for the role of gravity, although it way prove
1o have some utllity ntherﬁim, a3 wa shall caa,

A3 stated enxliexr in thiz text, any material abjact placed in a con-

wergent motional electiic fleld aheuld experience a force tending to move It



into the more intsnse region of iha fisld., When placed in the Held, the body
hlemmen-uleclrh:all? polarized and a very small separation of charge dis-
tribution should take place in every atom of the body. The charge nearest to
the more Intense regir:rn of the fleld will exporlence a pull which will be
elightly greater than the pash on ﬂ'.lﬂ chame which 1= more remote, hence

the resultant attractive force. Lat us calculate this force In the case of the
motional electric fleld generated by the electron as A orhits arand the maclens

of an atom.

-

Retumdng to Figure 5, lat os Imagine that another hydrogen atom Ls
placed at the point P, Evory Hme the alectron swings around in its orbit
at a fraquency of 6.8 x 107 rav/sec, the atom at P Hads itself momentarily
criveloped in a convergent B x V fleld. The pogitive nucleus will exparience
a pull taoward the attracting atom while the electron will experienes a pash
away from it. The {ield Eq at the point P I8 given by equation 17. A chamge
Q placed in an elechic ficld fm cuperjences a force F_gl'lrﬂn bf:

F=QE

Diterentiating this aquatlon with respect to r Ln ordar to obtain tha diferencs
between the pull and the push, we have:

dF,/dr = Q(':!Em -]
dr /

"

Hance, i this difference dF causes a srlnall ceparation dr of change in the

mean distance between the proton and electron in the atiracted atom, we have:

-:u-'=t:r{:£m’dr
r



Differcetisting (17) with respoct to r, to obtpnin 4B far
and insorting thia ia '(19} snd solving for 47, waich 1e

tha Aifigrence between the pull end the push, we have

It ia importont to wnderstand just wha.-l: squation

(20} ropreennte. The motiomal cleatric £iald intensity

lil Siven by eguation (17) rmnsen:tn B rodidlTy scrvaro-

ot fiecld. The intensdity of the £fiold docroeases invaTsely

a3 the 2isatanece », Yhen an H atom iﬁ placed in this field

tha ‘pﬂnitiﬂ pyoton ia attracted towverd the noure e of the

e while the slectron is repelicd, T4 g goperation of

the center of charges teken pla.ce.ﬂi.n., _.i:E thl_e Froton

movea slightly tovard the oumree and -!:hnr center of the do~

formed, somevhat ecllesptical,; electon orbit shifte alightlyr

awey Troxx the peoton, o that these -I:un_narrl:l:trﬂ are separst-

ed by & distence Ar, equetion (2D) exprosces how mich grect-

or the pull ocn the proton will be then the af:l.‘a-u:tiﬂ push on

tho gleetron in 1ts new orbit,. This we o2ll the gravitation-

al force minoe it iz an eptitractive force which pulls the H

atom tovsrd tho sovrce il it ia free to move. We pesume that

it is not cornletely fren to move but ie restrained by elas—

tic forcoan, cooouvhet saguivolent to thot of & Epring. et

the Q:I:tm‘;ed etonic pystom im moved a dictmace Qr' by AT

vork ia deme, If ve apsure thot ArT in directly proportion-

8l %o Ar, we then heve for the work | _
AY = AP Art = kCargw? ArlHT L..l..e.(21)

Sinee There are ooovorinstely 1007 pirwltonecus pulls and

F‘lﬂ-ﬂ-‘hﬂﬂ &7 ecch socomd which mm o Dmetion of time wowld be

sprroximately pinuseidal it chould jive riso o & hipgh free-



o

quency Vibralory oobion which should be spproximately

girmple harmonis in chereacier., %The polord=ation dic- (-
laeeacnt 0 » produced by vhe fiedd I, zhould be . 0° ”
diractly proportionsl to its intemsity. Let us nScwoe

thet upon Telease from thea pull of & single pulee thae

H atom would be pullod back fopard .-I‘.i:::. orimire] position

with an 2le=atiece Foreca negnti;al.ar rroportionel to tha

displacoaent & r'. HYe heve therefore loid the fownda-

ticn for & sinple hormoeis vibeetory poiioh of the ston.

“Art skAr = Fgrowtlr o aaiiiioas .- {22)

end 'd.r2=1{‘ qﬂ:r:gwﬁ'f 2 o ieean vasaaare(23)

‘where the k walues are ell constanto. Zguction (23) in

(z1) gives -
AW = Y oot v¥ el coesesae(28)

and minea 0 = g in the H atom Cr
Ay = go ohd WO/ Y L. P ..el25}

For thio type of motion we know that the maxisum amplitude
would be proportional to the eguare root of the total
enerpy (25). If the moxiows anplituds iam propartionsl
to the mavimom velus of AZF then we hava -

AP, = X2 02% w3/ »2 e e a(26)
Binne the phenomsnon iz simeacidel, ito effective value
wvould befy f. = ;ﬂ;?—u J ﬁ . If we nov let Q7 = ety B,
the product of the tvo atonmic passes, end G = E"'knruwjf‘ﬁ’:
we hove upen rovlacing AP, by simply P

Fsoliy = ...... e imeranen A27)

vhich iz Fewtonts Umdvercol Low of Eraovitotion.

q | C
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Tha foreproihg derivetion ig obvicusly s very el-
ementary and non riporous attempt ‘I:-:.r- the author to in-
dicate how two hydropen ptons gould comceivobly ettract
esach ofthor by nvans of their mctional slectxic fisldm
giting rice to Hewbton's Univorssl Iow of firovity, He
teach that two such atoms de attract cach other accord-
ing to thin law, T+ sgens :ma-mmable therefore to expect
that guch & dexrivation es is here suprrested can not be
too foxr from rapmenting.thﬂ elactronapnetiec hasis be=
hind tho phenowmenom,

A motional alactrie field im en electric {ield beocouce
it macts with Fforoe on electriec choarges. The cssential in-
redients of this fiecld ocnaiot of o mngnaetic field, B
charpge of plactricity and relative motioz between them, It
is presminertly an elcetromagnetic fiold. ¥We hove theorpti~
eally seon just how this field could very woll be the ?i'lr:nl
eenoy which produces the attrective forca we call pravity.
He hnve alec prosented e:qpnfimentnl cridenca that thia fiald
Fossesses 1ln common with provity its chief property of being
irmmae to phielding, Yhether or not thix field will uwlticate-
1y be idanmtified uith [;rawi-h_f_ rapaing 0 ba £hovn pmporiment-
ally. Yo hawa mado o closely reaconed l;pprnmh to what i =h g
wltimntcly prove 1o bo the niscing Link in e wndficd theory
betuycen the tlhree prent Sorces of noture, electrieity nnd.
marnatizsm on ﬂ'm orpe hond and pcravitotion on the othor,

| HYe have chovn theoretically that twe sloctromagncotic fielda
chould cononate fxowm ol ohboan, tho dwtonsity ﬂf- oG WAXYAnD Anvoerooly o
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the distances and the other invarsaly as the cube of tha distance. 'While

thene Halds radiate or extand ints Spacs surrpunding matarial stomse, there

15 no axperimentsl evidence extant that these felds ti'ansmlt enengy by
meand of quanta or uﬂ:ms . These fields, therefara, cannot properiy ba
defined as radiant energy any marq than one can think of the motonal alac=

tri¢ field in an altemnating cwrent generator as a forn of radiant anergy. The

. modus operandl of thess two flelds 12 one of slectromagnsetic induction even

as it is in our eleotelo generators and motore. Persuasive and excellent
reatons exist to predict that these two flelds, emanating from the earth,
might prove to ba the souwrce of freg electric power, ln & measure sxcasding
our preaent conprehension, A moperly designed witra high frequency =
celving cirsuit incorporating a transistor valve should by alectromagnetic
induction not only detect but transform and convert 1o usabla foom the kinetic
anargy of planetary elactrons Ln the atoms comprising the earth. Thle would
be atomic en=rgy In fts most uzable and nonpolsonous form. .'Ihmugh t!m
medium of the motional electric field emanating from aroms, both gravitationsl
dominion and free electrical power would seem to be within the pnuslhie
grasp of our age.

High-scmnding and speculative as the previous paragraph may sound,
we hava conslderable evidence in support of 1t, In 1933 at the age of 77,
Nikola Tesla predicted ascenti=lly Hrh.ut hac just been statod:

Ere many generations pass, our mechinery will be driven by

power obtainakle at any point In the Universa. 13 this energy

static or klnetic? IF statle, our hopes are in vaing If kinstlc,

and this we know for certain, then it {2 & pers gquastion of time

whan man will succeed In attaching his machinery o the very
Wheel-Work of nature.

- ' 75~



At this polnt in ouwr thesis, a rerent statement by a contemporary
scientst sesms most timaly and flding:

whan the great innevatlon appears, i will almest certainly be

in a mddled, imcomplete, and confuslog form, To the discoverer

himself, it wiil be only half=understoad; te averybody else, it

will be & mystery. For any spa:u!.aﬂun which does not at first

glance ook crazy, there 1 no hope, 4

. For many yemra the wilter has Xnown of the somewhat cbscure research

activides of kx, T. Henry voray. Hizs elatma, which appear to have been,
wall documantad, of having invanted a devica which would capture cosmic
radiant energy ::nntlmﬁusw. ta tha axtent of 508W, soundad almoat crazy
upon first reading. His regearch work on this davice extends back Iinta
the perlod around 1926, An aceount of hizs work has been written up In
s8sveral ﬁmﬂﬂﬂs.‘“’ The work of . MWoray is of vital Interest to this
thes{s, especially in view of the comments by Dr, Carl Frying (In 1925,
then head of tire Department of Fhysics of Brigham Young University) who,
sfter examining and ehxdying the device in aparation, could cnm I no.
other conclusion but that the electiical anergy was obtained (at least In part)
from fleld snargy generated *, | .in the sarth ll:sm":li.""lﬂl Whl_'te not then
understood, this concluszion of I-l'r. Erving made a0 many years ago i pow
oI gapital Intejasy,

Not understanding the nature of I:he snun:-e and furrm of the energy

his device absorbed, and his conaequent Inability to explain in understandabls

45. Frecman[. Dy:zom, Sci-odfic Agpericin . Septombar, 1538 .

16, T, Benuy Meray, "Iho Sea of Energy in Which the Earth Floste,”
{See also: “A Ravcivtionary Invennon”) publizhed by himself, {2504 South
4th East St. , Sakt Lok Civr, Utah.)

17. Ogdds . pr. 144-145.
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torms its cperabion in patant apgpileations, and his fear of losing patent
rights and & fortune, have chat thie man much digappointment and Bustration
resulting in virlualiy fisolating him and his device fiom contact with those
who could have been of great help. It would appesr on the surface of things
ﬂiall-i:;rw may well have tapped-. without ].:nuwim_;r iz, either ane or both of
the anergy sources which have been ﬂ.ﬁl:l’.lEE’d and mathematically predicted

u-udrglmﬂnn from the atoma composing the earth.



Chapter 6
Anti-Gravity and Electrics] Power
The thrilling thing about this research peoject is the potential pogsi-
blifties 1t presents, for cvercoming that which keeps ua down, and foe pro-
viding 23 with fres elactrical power ] These two possibilites, levitation and
electric powar appear to be practical when the oxperimental an<d angineer-
ing wiwrk of maklng an aleckronic ganarator of, and a receivaer for, the ultra
high frequency diract pulsating motional electric fields such as are emanating
from the atoms in the earth. Every place of matter on the amrth ta of coursa
such a very waak generator apd receiver. What la needed Io this peoject 1=
something somewhat analogous 1o what lacers have provided for radiant energy
in tha fIorm of an intense beam of concentrated coherent Might. Such a gen-~
arator of artifically produced gravitatlonal waves could make ant-gravity pos -
gible. Fastened to, and dirsctly abowve a space platlnﬂ-n, such A qenerator
with 1ts B x V Eeld acting in the opposite direction to the earth's & a1 ¥ gra-
Aty fiald gn the already polarized atoms in the platfur!n would proceed to
depolorize them and release them from _i:ha ﬂ;ﬂﬂl'.lls gravl’;ﬁatlmlal puli. A space
wahlcle sawouts 1o the moon passas through such a dnpulhrizad stala asg the
gravitational attraction of the moon oo it gradually becomes equal to and oppo-
sitely directed to the earih's gravity tield. If sulficiently intense the B X V

fleld from a generator might concsivable completely depalarize a space plat-
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-form and moks it weightlees. Further Intense actlon Ly the genaratet might
concaivahly repolarize it in & revarse direction, Thisg would canse the earth’s
tiald & then act antigeavitationally upward on the platform, and with con=
trolled apeed, :urnr.lt upward with mot only the generator Itsell and opemtors, -
but with a pay load! |

The possibilitles cf obtaining free electrical power from the sarth's
B 3V Halds appoar equaily enciting. Not only from stationery land Installed
power plamt receivers, hut from racaivers instabled on ajr:ruft ard Fpacea ve-
hicles. The rasearch and experimontaiion needed to redups to praciice thiz
exploitstion of the aarth's B x V Helds appears to hawe rolativaly few hurdies
helore it, The development of ulira high frequency rectifiers appesrs to be
ite f.I;'lI::ruquirﬂmnnt, and therm ars no yoad blocks pn the horizon to this
aceomplishment! ‘What the consumation of this profect could mean for tha
aeconomic devalopmant of remota  mrountainous, inaccessahla regions on the
sarth ig beyond all imaginaton at this dme. In the light ﬂf.this theais, the
new hodzons in fiald theory herald that tha heritage cf mankind 1s dominion

over sll the earth |
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Chapter 7
Some Confirming Buperiments

+*

Doaxing the past two years the writer hasg devoted hia full
time to the task of producing experimental sources of B x ¥V
fields which speak for themselves, HNatore hias the last word in
any controveray in physics and when she epasls her words are
Finall

A genaratoxy of a motional ¢lestric field, all electric amd
with np sechanical motions involved, has been bulilt anq n;pcri-
aontally demonatrated. Thix device projects its field iﬁtn the
space surrounding the generator. Being issone to shielding the
BEx V field readily pas=es throogh tha stainless steel walls of
a grounded Bonsing chaaber. Swrounding the genarater is mount -

od & eylinirical parallel plate capacitox. Tha outer plate is
connecied to 4 wery sensitive vibrating capacitor electrometex
{#eithley 444), The innexr plate is connected top the other ter-
minal of tha slectrometsr, one terminal of which is ¢ conded.
Voltages are induced in these wires, The pet resolit of these
induced veltages i that the potential difference induced in that
portiom of the wire butwasn the capacitor plates, charges these
plates, and in doing 30 s measured by ;he elactraometer. The gen-

exatar, capacitor and electromefer are cempletely smrrounded by

vl (3=



a grounded electrostatio shield, _Hnusing them in a stainleas
ateel box with a door bas served this porpose vexy wall,

Two papers describing the construction ﬁf the all-elent:ie
genaerator amd the experimente performed with it have been pre-
somrtedl to maptings of the American Physical Society. The ab-
stracts and papers will be found in the appendix.

A simple lecture table demonstation of the pore 8 x V fiald
is illustrated in Figure 8., Two short similar bar magnets are
spaced apart as whown. Midway between them & long stxaight, ine
Bulated wira, (surrommded by a geounded conducting shield), per-
perndicualar to the paper is Fived with its terpinals connecisd 1o
a senﬁitiue galvapometer placed tutside the imnediate vicinity of
the magnets, say overhead. The resoltant magnetic fluw density B
From thtitﬂn magnets, at the wire, is zero by the principle of

P .I'
superposition. 1IF the magnet on the laft be given-a alow unlforw

Figure B

velocity V and the one on the right a velocity V' equal and oppos-

=fl -



ite to ¥V, then ooe will note a dn:lant{nn of the galvanometar
nered la due-tn the pure indoced B x ¥ field acting in the wire.
Hote that in thiz zimple uxpurinant-ne have t;ﬂ sources of B X V.
Both the B and the:F nf 2ach source are identical in magnitode
but oppusite im diremctiom; thormfore, sinca B x V = {-B} x [V},
the products are both positive and additive. The movement of
one magoet aleme will b fourd to yiell o galvancmetsr deflection
of half that obtained when both magnets are moved simnltameously.
Note also that the wire is always in & regiom where 8 = 0, but
where E-¥ V is present and active.

Ona of the most fascimating aspects of our disoowveries is
that by the use of the phemomenon of m:pusi‘tim of t'i.u;his;

electromagnetic induction can seemingly be separated from mag-

netic flox snergy. In other words, cwr all elestric morienal
electric figld generater operates without the presence of detect-

able magnetic flux anergy as such., It is a non=ipdoctive device.

The magnetic flux intencity bas been reduced to zero by the prin-

ciple of soperposition, and the wirtual wndestyoyed field assoc-
inted with uncancelled ¥lux is atiil active agwl presént; hepes ,
the name "wirtpal®™ is used to describe it. It is this wizrtoal
field which produces the pure motional electric fiedd in the space
surrounding the generator. This newly &isnnwz:ﬁd pure B x ¥ field
iz the most anigoe phgnu;annn kntwn 1o electrosagnetism because

it is devoid of the electrostatic and sagneti¢ field character-

o
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iztice we hove hitherto Xnpwn. It 1 a B x V field with the

resnliant B = 0, Ite immunity to shielding gfves it a stature

and a character of its oem, hﬂﬂﬂtifﬂlly-unique and izclated f£from
all hitherto known spacial fiealds] Ouzr genexator praduces nothing
but this pexe previously unknoen field| -

Perhaps the closest approach to the E x thenn-enm inherent
in our moational alectric field gemerator, is the toreldal trans-
forner, In this device we are dealing with a transformer type of
indueced, eleetyric field caused by the growth and death of flux.

It is of great interest, howewver, to npte that the wires of the
secondary windings wmhere thae field 13 induced may be entirely ex=-
igtent in & region of space devoid of measurable nngnati;'flux,
since B = 0 there, This phonomenon i= always of interest ta stu-
dents, because 1he ipduction in the wires takes place in a region
of Em, #hl:n, 'r;}r superposition of fields the resocltant n:nguetic
fluox intensity 1s reduced to zerp without, in any way, isparing
The electromagnetic induction of the wvirtual flox Hhicﬁ is opera-
tive. It is of interest to note that our research simply extends
this phenomeilon to include 1o :utt{ng ac well ax transformer
typer of induction where B has bean reduced to zexo,

It is not surprising that many physical scientists 1i§ten
To this thesis with incredulity.  This is npt Aisturbing to. the
anthor . I£ ia hut the natural path of all new discovery. H;ture

harsalf bears the hurden of proof and she has Spoken out clearly

in tehall of the uniqueness of the motivoal electric field. What

=H3 =



the rolo of this now clectric force fiold will be in the faturae
development of electromagnetiam Ig ar present an open fguestion.

Ouxr critics point to the wvery small valmes of the induced woltages
ne have measured in the field of cur gencrater. The fiaeld inten-
sity close 10 the generator is at present, At TOOm temEperatuca,

appw cximately of the oxder of :F:i':'.t 153‘2 volts/mater , with a cur-
rent of thixty amperes. Al cryogenic temperatures, i.e., around
4.7°K, we could expect to increase the B factor im a B x V supar-
conducting generator, consisting of 12,000 linear condeciors, app.
100 timas. Our hope in achieving an intense B x ¥ fiold Iests,
therefore, oo how much we can jncrease the ¥ factor in the wvectoxr
product B x ¥, This we iknow could be greatly enhanced in an elec-
tronidc :I-auig: of our generator, We have expeximentally shown that
npe::at:i.ng! owf present model at the tempermture of dry ice, i.e.,
=50, at h'I.g'i: cuwrrent densities, appeoximately dedbles the value

of ¥, the clectran drift velocity, Our generator ia i'l:ltl.t: A unigue
and novel inetrument for directiy measuring V with considerable
precisianh. The experimental fact that thie guantity does increase
with decreasing temperatule encourages us in pur anticipation that
in the supercoxipcting state where all resistanca te electron motion
disappears that ¥ will be very great. The author amdorses the state-
mant of Wehr and Richards !H "at absolute zero the atom would have

no significant crows-secticn and electrons could streal through a

48, Wahr apd Richards, Introductory Atomiec Physics, p. 218,
(Addison Wesley, 19462).




conductar without encountiering any zesistance at sll." Should
very high valuag of ¥ be realized in our cryogenis expaximents,
it is the wmriter's belief that A& new exra in gravitational domin-

will be st band.
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Sonmary of axperismontal work dome by Dr. Hoope:



CAPTIONS FOR FIGURES

Figure 1, Dlagram of circuitry employed for generating and mea-

suring tha motional alectric fisld.

Figure 2, Capacitor potential differences measured as a funetion

of d.c. corrent t the generator.

Figure 3. Capacitor potantial Aifferences measured as a function

of a,c, current to the generator.
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ELECTRIC
SIMILARIIIES OF TME MOTIMNALAAND GRAVITATIQMAL FIELES

¥. J. Hooper
Frofessor li-nm-titus, Principia Copllege, President and
Directar of Research, Electradynamic Gxavity, Inc.,

P. O, Box 1976, Sarasota, Flarida.

That the aagietic flux sorrounding a current-carrying linear
conductor moves with the electron drift velocity is demonstrated
in a motional electric field generator which throws its induced
electric field out info the sn::uundi:nn spa.cé., This field is
not eleotrostatic. It is immune 1o shielding. Magnetic flux
has been eliminated, The presence of this unique, spacial =lec=
tric field is deteetable and its intensity is measuzrable with an
electromater. From such measurements, electron Arilft velocities
can be directly determined. The umique properties of tﬁis field
strongly sugQest its Eqpiuilence to the gravitational rield, If
equivalence proves to be a fact, then_direct absaorption of gravi-
tational field energy becomes possible for electric power without
pellution. If generation in great intensity becomes possible,
theory indicates that tﬁé concepis of artificial gravitation in
space vehicles, weightlesaness in limited earthly laboratorias,
anrd even anti-gravitg, or 1ift inatead of pull from the aarth's

gravity, have pozzibilities of attainment.



INTRODUCT IO
How can a force fleld like qrauité uriginate and emanate
from atomg of matter made up primarily of three elementary par -
tirleg~—alactyanx, p;-uutms and neutrnnﬂ'? Eingtein wrote, "It
wonld be &2 great step forward 12X we succeedoed in combining the
avitational field apd the Eleﬁ‘!ﬂHﬂgni;ti.l: field into a single

structure. ul

A very conziderable step in this direction nay
have been mhde by the adwent of the recently inventiaed potional
electric flield ganerator and the newly revealed properties of

this :E‘I.Ell:l.2

When magnetic :Elu:; is moved perpendicular ly across a con-
dgctot, we say that an aaf is slectrosagmetically induced with-
in tha r.un.r;l.u::tnr.. Thia phenonencn has been little theudht of
a8 involving the production of & spacially distzibuted electric
field. It arigses from the operation called flux-cut;:ing; where-
in the electric field is motionally induced within the apacs
pccupied by the mowing magnetic flux, and is present thergain,
whether a gopductor is present in éhin'!pa:n or not. Correctly
defined, we can say that when magnetic flux of veclor intensity
B is moved across a regicn of space with ?e-t;tnr velocity F,. an
electiromagnetically inducod electric field af vector intecnsity
BxV makez itz appearance in this space, at right angles ip both
B and V. For short, this induced field is called a motipnal

electric rfield, A study of its properties is ewciting.

-1“'



lerk Hhﬂwell_-rntﬁ in Bie description of the work of Michagl
Faraday that the intensity of the induced slaectric field "™is en-
tirely independent of the pature of the sobstance in which it
ncts."3 The arigin ;f this field, being Elec;rﬂmagnetic induction,
apd non-electrostatic in natmre, gives this field its penetrating
nature which enables it to ba present within either magnetic or
non=-mhonetic copducters o inswlptiors, eptixely iadependemt of the

nature af tha substance. The writer’'s extended e:ptriuents‘ in-~

volving shielding, confirms Maxwell's description of this field.
THE MOTIOHAL ELECTRIC FIELD GENERATOR

The iﬂtinnal electric fiezld generator was &esiqned-and built
to provide a devvice which would prpject a pure motionally induced
electric field into the spacge surrounding it, deveid of elecizro-
static and magnetiec accompaniments, It Lnvolves a néwly diﬂ?ﬂ#ﬂ
ered, non-mechanical methpd for moving magnetic flux, combined
with one of the most besic and orthodox laws of physics, "the
principle of superposition of fields.™ This principle =tates
that in prder top fipd the resuwitant intensity of superimposed
fields, each field should be treated as though the othexr is ab-
sent, The resultant is obtained by the vector addition of each
field coneidered singly.

In lﬂzu,_ths Christian Cersted discovered that a current

carrying conductor has magnetic flux looped about it. This dis-



covery served to unify the then saparate sciences of electricity
nné magneticem, In 1957, E. G. Cull-ick,5 in a careful, thought-
pr oy oking aﬁilysis of moving cha:gé:, sat fexth three documnsented
experimental facts to support the idea that the Oersted flux a-
round a moving conduction electron should mpue with it., The wri-
ter had imdepemdently been led to the same conclusiocn, A plan
InE axperimentally investigating thiz phenomenon was avolved.
The design of the motional slectric field generator was the re-
sult, and its.prnduntinn required the skill of an expert maker of
gﬂneratnrs‘and motors. This generator dempnstrates and confirms
that the Oersted flux Rctually does move with the electron drift
velocity of the current giving rise to it. This discovery is A
basic and fundamental comtribution to olectrcmagnetism, It also
shows how This motion may possibly zerva to explain the origin
of gravitation from atoms of matter. Tﬁé design pf the geherator
itself will aid in seeing this possibility.

Momzntarily, consider yourself ip the place of a Maxwell
demon, ong who can see, from withont, the planetary electrons
of an atom orbiting about the neclews. On the average, we may
assure that there are as many going in ope direction as in the
opposite direction, in an approsimate oxrbital plﬁne. I1f these
charges carxy their Oersted magnetic fluxes with them, then, in

the spac: smrouxling an atom of matter, these moving fluxes

will project an induced motional glectric field, radially di-

.



rected toward the nucleus.

The design of the mpticnal electric Fiald gehnerator was such
as tp imitate in an elomentary way the planataryv electrons in an
atom. The devics iovolves ne mechanically nnving parts. ¥t is
whaolly alectrieal.

The gencrator comnaists of 4020 incclated parallel linear con-
dugtors, #11, formvar insuvlated copper wire, nine inches in length,
all connacted in series and packed cwderly side-by-side and tight-
1y sealed together with epoxy Intoc the shape of a solid, right
circular cylinder. The series connections were accoaplished by
turning the wire thromgh 180° angles without breaking the insu-
lation. The twe terminals comngcted to this cospoasite of linear
conductors are brought put together At the a:is.nf the cylinder
amd connected to a shiclded and g ounded two wire cable. When
energized by direct current, 2010 conductors are atl apy instant
Carrying cwrent and magnetic flux wvertically downward, and the
came noaber of conductors are doing the same thing vertically
ppward. This composite cylinder is thus non-inductive with oo
measuible magnetic flux surrounding it. The principle of super-
position of fic)kds shows that Eacy nf'thé twn séts of linear con-
. ductors ¢untribuées a mpotional electric field directed radially
inward toward the axis of the cylindex. The superimposed wman- |
netic flux from these two setas of conductaors consists of horf-

zontal cixcular flux loops, half dirccted ¢lockwise and the

-4_-



othex half comnter-clockwise, haif moving vpward and half moving
downward. Thus, we have a unique condition in the space sura.
rounding the crlinde;!: the resultant sagmetic flux, due to sa-
perposition of fields, iy zero; aod the resultant msotional clec.
tric field intensity is 8= By x ¥, + (-By x V) = 2B, x ¥}, o1
double the intem=ity attributable to one set of conductors alone,
where El is the n!agnr_l-tit.: flux intensity ﬂl;lﬁ‘: to 2010 linear con-
duoctors and '-_'1, the electrom drift velocity in, say, the positive
upward direction. Although the magnetic £lux emergy in this de-
vice is reduced to zexo, the electromagnetic induction- giving
rise to what we term the z=otional electric field has by no means
been cancelled nor reduced.
The motional electric field [:ernjecteﬁ ints the gpace surs-

rounding our gemneratar when the d.¢. current, therein, is thirty
amperes, is equivalont to that which wnﬁld be associated with the

uncancellerd magnetic flux around a single conductor carrying a

current of over 120,000 ampere= (4020 x 30 = 130,600 amperc tUThs].
EXPERIMENTAL MEASIREMENTS

The motional eloctxlc field il'l.tﬂl'l.sitjl' is studied and wmea-
cured by the use of a highly insulated, stainleéﬁ steel cylin-
drical capacitor, placed around the generator, the inner ¢y1i@-
der of which is grounded and the oater cyiinde: is connected ta

tha input bead of 2 Keithley 640 Yibrating Capacitor Electro-

-5 -
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meter. A diagram of the civealtry esployed in operating owr
gﬂpﬂrntnf i& Ehpwn in Fipgure 1. .Thé generator with ite eylin-
drical capasitor about it is placed within a lérge gr sunded
stainless ateel cabinet. The vibrating :apm:-itm: eleciz omates
head i3 also placed ie the cabhinet, clome tn.thi cylindrical
capacitor, and connectipne are made to each plate., All con-
nnpting wires between the eloctrometer head and the galvanc-
meter arg elentrdhgatically protected by erounded shielding.
The electyiometer galvanoazter is putgide the cabinet and has

a grﬂundin? taxrminal for the whols slectrometar system. The
vibrating capacitor in the Electr;ﬂeter & energized h; a small
storage battexy built inte the elﬂﬁtrﬂleter ga lvanometer caze,
The innmer capacitox cylinder, wade of 1/8 inch 5tﬁinlns¥ steel,
is insmlated from the generater conductors by epoxy, mnd forms
a partial bousing. The epoxy Cowvering the two ends of the gen-
erater is covered with a heavy coat of sprayed silver and this;
with the inner capacitor cylinder, forms a completely grounded
eleclrostatic shield around it. The aptiomal electrie Field,
cansed by lhe up and down movement of the =lowly moviag {virtual)
magnetie flux loops, induces an emf in the sutrhunding spaca armd
in tha wire conpected to the electrometer head and its ground
connection., Yhe capacitor plates are thus :hargaﬁ. the poten=-
tial differcnce of which is registered by the slectromcter )

galvantester ,

The potential difference is obtajined by integrating the line

hﬁ-



integeral pf the electric field intensity E betwesn 1he capacitor

pIates. It is given in aks urnits by, -

r
2 2 - a .
P.D. = E dx = BxY dr = penlV dr L (1)
3 1 x,

whare B lJJ.nIIEﬂr HEbEI!-fIE‘tEIE and :'1 and 1'2 are the distances

respectively frox the axis of the generator to the outer surface
of the innor capacitor plate, and inngr surface of thoe oatside
capaciteor plate, Thuz, we have & typical exompls of how we Can

obtain the drift velocity V, when r, = -l meter, r,_ = ,1035meter,

2
_J-Lu- = 4-'“‘ X 1ﬂ-?-|. n-= 4':'201. L = 1ﬂ alq:l'E-‘ F-D. é 5 w ln-ﬁ\lﬂllﬂ.
Integrating (1), we have
Uy IV sz: pan IV |
P.D, = o i,'_"- Dy t]-'ll 1:2 - ln Il}i“lll‘iililiilzl
1

Lolving for the drift velocity V, we hﬁue .
¥V S aP.DoSugnd (1o r, = 1o x,) {meters/sec.]esccass..(3)
v = 1,78 x 10°? meterss/sec. = 1.76 cm/sec.
Tha elazzical derivation of the eE&ctrnn drift velocity is given
| by ¥V = j/ne where j is the current density (Inlo/S. 04172 anps./en},
and m is the number of conduction electroas per cubic centimeter,
apd « is the charge on the Eleﬂtfnn (1.6021 x 10-19 cout.).
Using Avogadro's number, N-= 6.02252 x 10°° for calcolating,
n 2 AN/M, where d is the donsity, 8.96 gmfom?, and M is the

atomic weight, 63.546 ga/mole, for copper, we have

h?-



v = 239,60/(8.96 » 1022 » 2_6031 x 1071 = 1.762 % 10" %cassec.

A decrease of 100 fold in n, as indicated by Fermi-Dirac statisties &
would bring the experimental value to the same order of magnitude
ax the thgntetinal.

Measurements oOf elmtrunet-er potential differences P.D., ver-
gz direct ¢mrrent valpes I, when taken quickly £o0 as to prevent
appreciable change in the temperature of the generater, due to
electrical heat losg, vields 4 mpst intéresting curve. Typlosl
af most of the curves is the oos shomn io Figure 2. The smagni-
tude of the motivnal clectric Tield intensity will be seen to be
dirn:tly_prnpnrtinnal to the wvirtual valge of the flux*ﬁrinvulvedu
am] hence to the carrent. The value of the electron drift velo=.
city will alse ;e dirgetly proporticnal to the current., Thus the
potential difference meaxuroed vereus current values yield a para-
bezla, -

It 1s interesting to note that when alterpating current valmes

wora plotied againet electrometer deflections that a strajight

line was opbtained instead of a parabsola. This iz illustrated

in Figuye 3.
- REW RESEARCH INSTRUMENTATIOHM

When improved and perfected thisz motional electric field
generator, together with & capacitor and an electromator, appcar

to offer wnique instrupentation for dircectly measuring the elec-



trom drift velocities in metals. Experimental values cbhiained
with our generater are in good agreemant with accepted waluoes.
Making measurcments at varioms temperatures will afford a method
of directly Jdetermining the quantity n, the nu;her of fras cop-
duction electrons avallable per wnit volume, thas affording an
experimental check on the Fermi-Dirac statistice method for ob-

taining this guantity.
CRUCIAL EXFERIMENTAL EVIDENCE

It was, of course, necessary to run down evary concelvable
possible spurce of error. The goneastion has been raized as to
whether or not the potemtial difference clectrimcter DEASUrEEEntS
that we have observed as a functiom of input curremt to our de-
vice might arise from thoarmpeleciric effects instead of from the
Inssu-ed BV ficld. Tt is true that at thirty amperes lnput, "ap-
proximately thirty three bundred watts of elecizical power i be-
ing poured inio pur device, and it heats wvp at this rate, per-
cepiibly to the hand, in a time interval of four to five minutes.
It bas been spaogested that the juncture betwoen the Copper wire
and the ioner stainless steel cylinder of the capacitor might be
_ ralyed in. ttlpur;.tu:ﬂ more rapidly tham the junctoare on the ooter
cylinder and thus give rise to an observed enf. Top oxamine s@nﬁ
& pniiibility, we have wade a series of nﬁasureuﬂntu requiring

mly a few seconds for cach reading. Starting with a thirty am-
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pere input, we have gnne-ﬂnln to twenty-five, and then to twenty,
fifteen &nd ten, then back up the scile in five ampere stups to
thirty and agaim back down to ten agper<s. The observed values
of potential difference at sach walus of curremt were substamti-
ally identical. It does not saem reasomable o think that the
inner most junctore coold jump op and down in temperature values
in a matter of cecomds, permitting the eloctrometer galvanometer
needle to return to its zero position lamediately after each input
value of current. When the device really warms up, each of the
observed potential differences becomes enhanced and the plotted
curves yetain a >mearly parabolic shape. We have, therzfore,

ruled cut thermoelectric effects as giving rise to owr chserved

mEASUr @ment s,

1t has been suggested that possibly noa-cancelled magnetic
fringing fxom the lioear conductorz acting on the immermoest itain-
less steel cylinder might change the Fermi lewel of the metal and
aller the comtact differences of potential betwaen the inner and
outer cylinders of the capacitor, T; eliminate this ae a posci-
ble cause, a muich largexr diameter cylindrical capaciter was placed
around 1he miginal ome. The twn_flaten of the first capacitor
wer ¢ grnuyded lné measwaehents woere pade from the cutermost cap#—
citor alona.

The possiblility that stray magnetze flox fxom the cumposite

linear condwctors, linking with the electrometer circuwit, might
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give rise tp tﬁn ocbserved mEASUTaBaAniS Was considered., A gensi-
tive ganssmetexr probe was employed to test foxr the existence of
such flox. The maxipum value found for suth Llux was of the o -
der of half a gaunss, found in.one spot. Inudiiptll all doubt,
however , as 10 stray mionetle flux, a fairly 1a:ge circuit, con-
2isting of filve wires was formed so that one side of the circuit
camne in radially from 2 distance of & foot to the central equa-
torial surface of the dévice, where it waz held by tape and
brought along parallel to tha axis for several feet. This eir-
cuoit loop was connected to & very semsitive microvoltmeter which
wat observerl while waripus valuwes of imput curremt up to thirty
amperc:s was =ent into the linear comductors. No indication of

T

an infduvcad enf could be obsexved.

It is evident that the charging of the capacitor plates
might possibly be due top charges carried by the cuxrent in the
two wires lepding into the generator. If these wiros are each
at different potential diffexences with regard to the ground,
they earry an electric charge into the interior of the comdmcting
Lhpasing Enl.;.lﬂEﬂIE of the generator and, thus, cause o charge of
sLmilar amowmt to appear oo the oatside bf it #ﬂd to produce A
pnlential_différénce between the capacitor plates. This was ex-
perinentally_:nnfi:ned by the ioventpr. When the geperator hots -
ing was thus raicaed te a positiwe potential difference with xre-

s5pect to ground, the electrometer deflections were tu the right
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of centex. When the hnuéing was raised to a negative potentixl
with respaect 1o the ground, the electsonctes def lections mere ta
the left of center. Thase tests were made in two ways: (1) with
no carreat flowing to the penerator and {2) with current flowing,
bnt one lead wire at a higher, or lower, potantial with respect
to ground than the other. Thus, it became evident that the two
wires leading to the generator, wmith the grovnded shielding, can
be prevented from caxrying a charge into the interior of the gen-
erator 1F the two wires are each constantly maintained at gxactly
the sape valwe of potential difference above and below ground
potential. A epeclal power supply was built to provide this re-
quirement. The voltage of each wire entering the gengrator wAS
tested for unri;us values of current and the poiential differance
walues were found to be accurately ldemtical, aboue amd helow
cpound. Kow, the deflections of the electromeler for various
values pf current were alwaye to the right of center, indicating
an electric field directed toward the generator was charging the
plates. This field could mot have cowe from a charge on the
groundcd generator housing with no net charge entering the gen-
erator, since such a possibility Was carefully eliminated. Thus,
the eloctric fieid must he due to the predicted BxV field, It is
almays direc;ed toward the genmerator. This iz a distinguiﬁhipg
characteristic of the BV field when it is doe to the movement of

aloctrons, If the current were due tp the movement of positroms



of protoms, then the BxV field produced would be dixected away
froms these currents instead of toward theml Alternating cuxrent,
thus, produces ¢lectrometer deflections to the right of zero cen-
ter the same as Jirect current, and this can bg explained only in
tarms of the BxV field. Had the electroscter deflections been
Jdue to alectrostatic charging, the electr ometer needla would have
re-na:i.ned wmmoved upder the alterpating ispulses, 60 times cach
gecond, when A.C. current was uged.

The ﬂ:l.'g'll-l-;EI!I:'l: has beet advanced that the movement pf the pag-
netic fiald with the fraee as waell as the ocbital slectroms in a
piece of metal would result im a considerable inwardly directed
motional electric field in the space aii ar pund thlis metal plece,
contrary to experience, Oux reply tc th;Ls arguoeent ie that the
motienal electzic field, thuzs undoubtedly built up 1p the space
arooncd the petal, is in fact the weak g::avita.tinnnl field exmin-

. ating fxom it. Truoe, it has mever beon detec.te;:l as an eloctric
ficld, and we elaim that this is probahly due to its very high
composite frequency nature. We know from gravitational expari-
.lﬂnts that there axigts just soch an inwardly directed forca a-—
roursd the metal, Wa kow that it cannot be ale¢txastai:ic nor
magnetic, Yet, it doey emanate frim an agg:egafe of clectyomag-
netic zources. We hauve gond rea.smi to beligve that im view of
the imwpity of the motional electric fiecld to shielding that

this Tield could provide the figld agency for gravitation.
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ELECIRCMACNETIC INIUCTION WITH ZERQ B NOT NEW

Our pancrator reassbles, somewhai, & properly wound toroidal
cotl, in that, in thﬁ sparne outside such a :nil, CALZYing ¢mxrrent,
we know that B is zero due to the principleluf superposition of
fialds, We know that when altarnating'curreut is suxging back and
forth in Iits coils that a nm-electrostatic, eleciromaametically
induced eglestric }ield iz present continnously in this space a-
round it, whare the magnetic fiald intensity iz continuously rero.

The reslutant magretic flux energy in our generator is reduced
to zaro whila the electromagnetic indoction due to the movement
of virtual Oarsted flux, in each of the twa vertical directions,
gives Tise to what we ¢all the motienal électric field in the
space surrpunding the generator.

A simple experiment can be parformed to coovince one that
electromametic induction takes place in a space where the rq-
sultant magnetic intensity has been geduced to zero by =uperpo- |
sition of fields. With eaft iron shest, form a cylindrical mag-
netic shield abgur a meter }n lang{ﬁ and a few centimmgters in dia-
meter. A stiff wire should be held centrally within the cylin-
drical iube, and both tube and wire moved hnriznn;ally in a Noxth
and Sputh direction across the vertical component of the earth's
magnetic finid, while the two apds of tha stiff wire are con-

nected to s gensitive galvanometer, A deflection of the galvancs-
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meter neaadle will readily -eanu¥¢ *he in&u:ed end produced with-
in the shielded wire, where the magnciic field intensity has been
redoced to Zero. The wire was not in motion with recpect to the
shielding lhgnetic flux Induced in the shield, but it was in mp-
tion across the ear;h‘s vertical magnetic cospoment. Now, hold
the stiff horizontal wire statlonary and move the cylindrical
shielding horizontally at right angles to its lenogth 2 permiss-
ible distance, approximately that ¢f its inside diamztetr. Again
4 deflection of the galvanometer will measure the induced emf
within the stiff wire which was clationary with respect io the
carthfs field, but was cut by the magnetic field within the
£hield, which reduced the resultant field, therein, to zexzo. If
accurately measured, the enxf induced io the shielded wire will
be foond identical for the same Bovement when no shield at all

it employed. In one case, B = 0, in the other case, it is A

rzeal seasurable valuoa.

MECHANTCAL GENEERATION AND CONFIRMATION

The spaciil distribpatjon of sotional elgctric field directexd
redially abont the equatorial regiom of the generator was ex-
plored by means of a squirrel cage like rotor, made up of paral-
lel electzo-magnets all siailaxly directed so that, in somc Te-
Epects, it sisulated the rotation of a uﬁipnlur ragnet about its

pagnetic axis of symmetxy. This apparatus is by no means such
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a magnot becanse its design is such to precilude a-sy-netri:::ully
upnifora diptyibution of magnetic fluox ahput its rotatiomal axts.
The rotation of this system of plectrooaimets affordsx ac intex-
esting experiment bechume here we have loops of magnetic flux

of canstant intensity completely £i1ling the space about the
yoter, all gimilarly directed from one end of the system to the
ather, and all in rotation about the sama axisg with the same
angular velocity, and having a definite and constant flux pattern
in space, oot symmetrical nor oniform in the sense of a unipolar
magnet thowgh iﬁ 3 s5ense ﬂiuﬁlhting anc. That thi: magnetic :'
field system rotates was readjily dJesonstrated by means of a Iec-
tangular pick-op zoil, placed clese to the rotor and parallel

to the azray of electromagnets. When rotating 4t a speed of
10,000 rpm an a.c. voltage of 15 wolis was obtained due top the
humps of sinilarly directed pagpnetic fiux which entered and”
left the coil. With a very zensitive zero-cantarad voltmetar,
one comld rotate tha rotor by hand and demonstrate the rotation
Bf thz fluw very visibly. A seui-crlind:icallnapacitnr was

next placed owver the top of the rotor, with twd wires centrally
and radinlly directed (frnl the rotor axls) to an electyameter.,
In this epxperiment, the wires from the capacitor plates to the
electramcter are cut by the mnidirectional rotating magnetic
flox which induces the motiomdlly inducéﬁ emtfl in this space,

and is detected and mcasured by the d.c, voltage to which the



capacitor platex are raized, With this apparatos one can demon-
strate that rotation of the rotor in cme direction vields a
radial Inwardly directed motional electric fizld, while rota-
tion of the rotor in the opposite dixection reverses the direc-
tion of the motimnal electric fleld, thus demonstrating the
vector nature of the field by changing the sign of V in the

. vector product E = BxV, and -E ® E::{-F}. By keeping a copstant
rotation and revEEEing tha direction of the current te the elec-
tro-magnets, the direction of B cam be nhanpeh whiie F ia held
constant, In this manner the direction of the motionally indoced
electric field ean also be reversed in the swrTounding epace and
can be made either radially inward or radially outward as avi-
denced by the zero-centered galvanuﬂetz; necdle of the Keithley
&40 vibrating capacitor electromatar which was used. o make the
d.c, voltage nmeasurements. The demonstration that a spacially
distributed motional electric Fleld exists arcond either oux
mechanical, or oor all-electric generator appears to ws to be
amply demongtrated,. To be more cartain, however, we obtained

the sexvices of a disinterested expert in electronic measorements

to come in and check our work with a sonsitive Toxtrenix electrom

oscillograph, which confirmad our observations with the Xeithley

Electromater .
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RELATION TO RELATIVITY

The gquestion arisez ax to how this pew Field fils inte the
Relativity theoxies? It definitely prowides an interesting
clarification of a hitherto speculative deduction which many
relativitists bave ventured to make nith respect to the )
gotimnal electric texm which entera into the transformation
equations of The Spaecial Theoxy as applied to electirodynamics.
It bas been claimed that this VxB term is electrostatic im its
fundamantsl nature. This conclusimm is npw_definitglr shown
1o be incpcrect by the advent of the ne-.nntinnnl glectric field
generniﬁr, the Tield of which n-anates_fruu a gronded comdoct -
ing metallic container and passes readily through any shield.
The non=electirestatic natwre of BxV has also been pointed oot
wy winch, "Notice that E of [E = ¥ x B) is not an electro- )
static ulactiic fimld intensity for it is not dae to & distri-
bution of cha.rges.“ﬁ Hatu:-r.‘e hax definitely not liIil.tﬁd a5 to
ong type of electric field, The wotional electric field is
different in origin amd fundameptal properties from tho elec-
trostatic field arising from charges,

The writer enbraces the positionm taken by Sir James H. Jeans
in his explanation of The Special Theory of Heiatiuitr and 1ts.
bear ing npuﬁ the two electric fields in the trampsiormsation eéua-

tions. He ppints out that there is nothing in the postulatas

of The Special Theory that requires a physical interpretation

- ip -



P

of the twp electxic field terms & and VYxB/c in the trans-
formation equation E' = [E - {1/e)¥xB]. He stataa, "the
equations may be taken merely as exprossing relations between
Auantitiez A9 seasared by one cbserver S and .annther 5% moving
with A velocity ¥ relative tﬁ 5."? Thue wa z2ee that thaxe ig
no conflict with The Special Theory of Relativity. The philo-
eophy of the Nobwlist, P, W, Bridgwan, whose "Operational

Viewmpoint Y ax set forth in his text, The Logic of Modern

?hgsics.n has guided the inventor ip his work on this project.
As Bridgmen pradicted, it has led te new amd fundamentally
bagic knuoerledge.

That the gravitational field mey possibly be identificd as
a sptional electxic field iz at least wvery strﬁnnlf HUQgesT ed
by the experimental work descr ibed hersin. The nln;n of The
General Theory of Ralativity that the Gravitational field is
aquivalent to that of centrifuoal force would appesr o be a
<oocept fax removed frxom that pf presenting it as a ' motiooal
alectric field. The Expe:inental.fact :Enainﬁ, however, that
a purs motional electiric field projected into space dpes simu-
late, in some respects, the gravitatiun#l Iielﬁ.

When the cux¥nnt flowing into this qeneratuf is constant,
the motional electric field surxmunding it iz also constant }nﬁ
static, but not alectrostatic, becawse it does mot originate or

ferminate an charges. It readily passes through two 1/8 inch
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thick sheets, or 1/4 inch of stainless steel, constituting the
cylindrical capacitor plates. The exciting thino about this
generator is that it throws this Bx¥ eleciric field pot into
the space avournd ft. Tt is not electrus;atic, not magnetic,
and is immmne to shielding. Ihese1prnperties wake it & vnigue

force in noature with possibly gremi utility to mankind.
POLARIZATION AND ABRSORFPTION

Ubjectis ﬁla:aﬂ in this field are tlnctfi:ally polarized,
apd, Iin making seasuresacnts of Its iﬁten5ityj the electrostatic
fields arising from such polarization have 1o be xeckoned with.
From a well-knomn general thEBIEIg we know that an intense conw
vergent motional electric field would be atiractive on any ma-
terial ohject placed witkin it, dwe to ihis internal polari-
zation. The recemt evperimental work of L. Brauncxy opn ;he elec-
tric polayization due to génvity, iz most interesting, as re-
ported in the Januacry 1969 issue of Endeavor mngazine.lu His
experiments convintingly show that the shoots and roots of
plants when lying in a horirontal plane become electrically
polarized. When turned into a vertical -plane, this polarization
noeon disappeare. Brauner prescnts excellent nﬁideu:& in support
of the conclusion that this phenowenon is due to the electrical

natuxe of the earibh’s gravitational field.

Thiz indiecates in a limited way direct absorption of gravi-



tational field energy. Of course, ocur hydro-electric power

' -4
plants a:elutilizing thiz: energy in lardge quantities where ad-‘é" f
vantagaous zltes for soch plants can be foursd, -Thn greatest
potential inherent in the rezearch described herein, the writer
believes, will ultimately be in the direet absorpiion and con-
varsion into useful electric power the wast reservoir of gravi-
tational field energy which as yet bhag haxdly been tapped. The
insight into what we believe to be the dechanism within atoms
which pives rise to tha phencoenon of gravity, encourages us in
the eonviction that we can direﬁtly absocrb and comvert it to -
the service of mankind. D;: resgareh in this direction has com-~
mgn¢edrand is very encoursaging.

Spacewise, this project has come speculative possibility,

_if ancd when, this generated field can e made sufficiently in-

tense. We have very congiderable reason to believe that bhy- the
use of supexComducting wire and liquid helium temperatures, this
can be accomplished. To what extent is a speculation at present,
hut fhenr:.r would indicate that if intense fields are ewver possi-
tle of generation, then the phenomenems bf changing the welight
ef objects, aod of sven producing woightlessness and apti-
gravity {(that i.:li, 1ift ipstead of downward pall _on pbjects)
wonld be possible.

Domestic and foreign patent -lppli{:a.t-iuni covering ‘the various
genelators and devices esploved in our work have been filed and

somCc have been granted,
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PREFACE

From IEEE tc 1971, my husband, Warren ¥, Gibson,
financad the‘rE3earth of Tir. Y1iljam J. Hooper. 1 worked
with Dr. Hooper as secretary and leborztory assistant.

He explained his theory amd the inient of each experiment
10 me as the worhk propresszed. 1 wes personally prosent
wxkten every experiment was perforwed during this time.

After Dv. Hooper passed on in I97Y, T Lraied to por-
form an experiment with a vacuum tube generator which he
had desigoed. On my first attempt I burned out the tube,
and with that ¥ lost confidence in my 2bhility to do the
resgarch on my DAR.,

] sati=zfied my desire tn continue the work with the
publication and sale of his manuseript, and with the bope
that it would spark an interest in fomecne who would want
to carry on the research. There has bees much interesi
expressed in his thepory and research. but to my knowleadge
there is oo one presently ehntinoing the work.

Manv people who have read Dr. Hooper's manuscript
have zeked for more experimental data. ‘This paper inclwodes

that informalion.

Frances . ibx=on



THE ALL-ELECTRIC MOTIOXKAL ELECTRIC FIELD GENERATOR
AND 1IFS POTENTIAL

The hielory of scientific progress shows that new
discoveries oftecn pre not made wntil aome old assumptions
are challengrd and found tao be wrong. Dr. Willlam J.
Hooper challenged the assomption of electromagnetics theory
that thcere =ns aply ooe electric Tield in nature, itha elec-
trostatic, and that led 10 more challenges of current
theory.

I his manuscript, New Horizons in Electric, Mapgnetic,

and Gravitatiopal Field Theory, Dr. Hooper defines three

electric fields with distinet charactearistics: the elec-
trostatic, which 18 very familiar; the tramslIormer electric
field, which is produced by o changing magnetic field in-
tenslty; and the ootiodally induced =lectric Tield, which
is the prodoct af relative motion between a conductor pnd
a magnetic fjeld. A fable op page 1o pi his.hnuk shows the
ma Jor differceces in the properties of these fields.

¥hen all bis experiueq}s ipdicated that the metioenallx
inducad eleciric field wes inespable of belnp shielded by
ordinary electrostatic or magnetic shielding materials. he
pondered the possibility that this field was akin to pgravity,
which has charBcteristics similar to an elsctric field mx-
capt for its inablility te be =shielded. This paper will nnt
deal with hix extensive shielding experiments which are thor-
opughly ﬁESE}ihEd 1n his i;nuacrlpt and wers done before my

time.



Let's review again the nature of this motionally
induced electrie field. ¥hen magretiec flux is moved per-
pendicularly across a conpductior:; we say that an e m,. f. i=s
electromagneticilly induced wilhin ihe conduetor. This
phepomenon has bean liitle thought of as iavelving Lhe
production of a spacially disiriboted electric field. It
arises from the operation cailed Flux-cutting. wherein
the eglectric ficld 15 moticnally induced within the space
pccupied by the moving magnetiic flux, and is present there-
in, whether a comluctor ig present in this spaece ar not.

Correctlr defined, we can say that when magnetic flux
pf vector intensity B is moved across a region of spaee
with vector veloeity ¥, an electromagnetically indeced eler-
tric field of vactor intemsity H X ¥ mukes its appearance

in thie space At right angles 1o both E and ¥. Therelore,
E=mBXTY .. ......_.. Equeticn 1.

It is this lield that [Or, Hooper felt might be related to
previty, 1-wil} hereafter refer to this Field as Lhe motion—
al E field.

After contcmpletiog the structure of the atom, Dr.
Hooper concluded that if the charged particles in the atom,
especially the eleclrons and protons, aeted like miniature
magnets, their moticon womld create ir the space surrousding
the atom this nntinuhl E‘%Eeld- The field craated hy'the
motion of both the positive aod nepative charpes would rcan-
erl t0 some degree, but hecause the velpcity of the negative

eleetron in arhit 15 greater than the velocity of the posi-



tive protom in the nucleus, the induced field of the elec-
trpn would predominate. He determined that the field due

to thu-nrhitl! motion of these charges would vary inversely
R3 the square-ﬂf the distance, the seme as pgravitv. He

also detarmiped Lthat the field produced by the translational
motion of these charges would very inversely as the cubke of
the distance. These nhaervation® may totzlly unite electrs-
magnetic and pravitaticnal field thesry an? acepunt for the
strong and weak forrces in ihe atom.

If his theory was correct, Or. Hooper enviziocned the
abjlity to tap the gravitatiomal field of any planetlary
Pndp for elcoirie energy, free Ifrom pelulants, with &8 nro-—
perly desgigned ulira high Ifreguency receiving circuit, in-
eorporating an antenna, a transistor walve, and ogelllating
tank ¢iycwmits. When bhe learned of the work of T Henry Moravw,
he wag convinced that Moray hag tappad the carth's Eravi-
tational field, and he expectad Moray to complete this work
Tor mankind, =or he decided to cancentrate higs rezeareh on
proving his theory. )

Fhen he passed on io 1971, Dr. Hooper wns sure he had
done this, as he had been issved patents ga two penerators,
2 mechanical one, Petent oo, 3,856,013, and sn all-cleciric
cne, Pateot oo. 2,610,971, Dr, Hoagper spent many years
building devices L0 rotat2 magnets ai hirh speedes tn test
his fheory, .but always quﬁd that the magnetic fisld of the
magnekte, and 1he vibration and nolse of the motore inter-

fered with hix atiempts Lo measure the field with either m



capacitor connvctled tg ao elentrnmeter-ur R Fyaviliy meter.

In 1968, =oon after I bepan wnrki;g with Dr. Hdooper,
he cnnﬁéived and built a device-which would eliminate all
previous probhleme because ithere would be no measarahle
magnetjic flux and no motars. He called it the All~Electric
Motional Electric Field Generator. Its desipn was besned
completely on bhis theory of gravity, and how he believed
gravity was produced in the atoms of matter. If hia theory
%A% correct, he expected his device to prodoce a moticonal E
field qutslde the generator by the movement of the magnetic
field associmted with the ecnduction electrons making up
the currént flowing in the copper wite of the gens=rator.

Figure 1. shows the design of the gencretor. It con-
sists of one length of #11, forwmvar ifnsnlated copper wire.
924 meters long, bent 1207 at pine inch ioterval=s and packed
side~bp-=ide with LLke two end= enerplng together from the
top. These pipe inch lipear condoetors, 4020 in all,.” were
then sealed tagether with epoxy in the shape of a right ctir-
cular cylinder. ¥hen snergized by direct current, half of
the conduvctors, 2010, would be carrying current and magnetie
finx vertically dvwhward, and the same number would be car-
rying them vertically upward. Thus, the generntor ias non-
inductive, having oo measarable mapnetic field around it.
EBut Dr. Hooper wped to find somcthing else arpund 1+, the
m:ticnal E 1field, :inill{atﬁ gravity, imn that, it cﬂuid nok
be shilelded.

Electromapgnetic induction with no measurable magnetic

field iz pot a'r. T1 i=s well-known that in the space out-
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Figure 1.

The All-Elecirvic Motinmal Eleetric Field Geaerator



side a properiy wounsd foroidel coil, there is no magnetic
field due 1o ibe superpusition of ficlds, and yet, when
altarn;ting cyrrtmt is swrging bacsk enpd forth in it, a
tranaformer éﬁentrin field is present in ithe space sur-
rounding it.

Let's see what haippens whenr we apply the princinple
of superposition of fields to thi= device. Thix principle
anys that in order 1o find the resuitant intensity of su-
perimposed figlds, <ach figld should he treitad az though
the ufher were absent;, the resultant is obtained by the
vector sddition of each field considered sinply. Whan the
current in half ithe wires in this genvrator is moving up,
both the currcent and the magnetic ficld follow the ripght
haml role, and the motional E field would be vertical to
both apd ipwardly directed. At the same time, the current
in the other bhzll of the wires is poviog down, andg Loth {(he
current and the magnetic field follow the right bhand rule
end the motirnal E field is agaio vertical to both and in-
wardly directed. Therefore! the resultant field ipntensity
is doublc the intensity atirivutable to one set of conduc—

1ors.

Here is how it is expressed methematically:
E=(BXWV)+ (-BX-¥)=2(BXV)...... Egualion 2

wherd E is the electric field intensity, F is the magnstic
tield thal is maving with the electron drift velocity, V.

The firgt B X ¥ in the eguation represents the flow of the
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nmagnetic field when the slecirans are moving in ome direc-
tion in the wire, and the second term {(-FE X -V) represents
the flow of the magnetic field when the electrons BEre mov-

ing in tha other direetich. E iz the sum of baoth B X V's.

Figure 2

Figure Z pictures how we meazured the presence of thiz
woticnal E field. A highly iosvlated, stainless ste=1 ca—
pacitor wmas placed around the center of the penerator. The
inmer capaclitor plate was connected to the heavy cont of
conductive silver, shielding the rest of the generator and
then grounded.- fhe,uuter capacitor platé was connscted to
the inpnt head of a Keithiey 640 Vibrating Capaciter Elec-
tromcter. This particolar elecirometer with its high shunt

resiztances snd its vibrating capacltor seemed ideal for
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this purpose. The generalor with its capacitor and the
head of the clectrometer were then plaééd ingide a stain-
le=x sieel gabinet. All the connectipg wires hetween Lhe
eclectrometer heed 1nside the box and the galvanometer out-
side the box were electrostatically =hielded, as well as
the leads to the generator from the power supple. Every-
thing was grounded through a terminal on the electromcter
How, we were ready Lo energize the gencrator with up to
thiTiyv amps of current from our power supply and mearure
the motional E field on the outside.

The- predicted wvalue of the measurement was in the lowv
mﬁcruvnlt region. Dr. Hooper, throogh working in collegs
physics laboralories for over lorty years, was well aware
of the many problems asszociated with taking measurements
in the microvalt region, and we had to test for and susrcd
against them all. Our greAtest problems came because we
were poawars of the tendepcy for an electroctatic faigdld
to be generzted squally and appositely to this motional E
field, and how frequently this phenomenon occurs. One time
when we used ope thick capacitor plate and one thin ane,
we discovecred Lhat the motional E Tield set up an electro-
static distribuiion within the thick capacitor plate, and
reversed the charge on the outer plate. When capacitor
plates of egual thickness were nand the motinnal F field
meazsurement wxs Always pqgitive*

Another problcem we bad involved the nnbalence of our
power supplies. We wsed two powsr sources: our own specizlily

built one, desipned to rectify 220 AD voltage to low ripple



IC woltage, providing 2 maximom of 2% DC volis and 320D
ampz, and accasicnally, 12 voli car ha;teries connected
in Ee:::ie-s to compare results, At obne poinlt we discovered
that when thé current from the power source enteryed from
ang directiop, the measurement of the motional E field
wi% less than when 1t entered from the other Airection.
Rere, in Dr. Hooper's own words, is how he accounted for
This prohlem, "The guestion arnse s 1o why 1there would
he a difference in remdings because of an unbalance in the
power source, ac the inner capacitor plate is grounded,
ahnd the law is that there womld be no electrostatic charge
on the outside nf & grounded enclosure. The interesting
thing is that the only answer seems to Iie in the fact that
there ias a motional E field present. If there is an un-
balance om the inside of the container due 1o an mnbalance
in input woltage, the normal thing would be for charge to
flow throwgh the ground wire Lo balapee the charpe on the
inside of the contaloer. However, if the motional E field
was acting in the groond wire ir one way, it wounld oppose
the flow of electrons toward the shield and, therefars, wonld
2llpw an elecirostatic charge to remain on the ioner capa-
citor plate and affect the readiogs." We had to realirze
the aignificance of the fact that this field parmeates
gverything.

Dr. Hooper's exﬁlanqgian seemed to be confirmed by
close nhoepyatlon of the needle on the electrometer din an

experiment donv immediately following this discovery. 1n
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that experiment, 100V wa= applied to the generatar; 28 amps
was the resulting current. When the direction of the eur-
rent was cae wAy, 1t.is recorded that the electrometer
needle, first, went negative to llpv amd, then, positive

to 17pv. ¥hen the gurrent was reversed, the elcetrometer
néadle only went positive to Z8av. The difference between
ithe two final readings was 11pv, the same ax the negative
deflection. When the Ioput voltage was balanced between
positive and grovnd and betwees negetive and grownd, the
measurements of the motional E field were the same when the
currgnt was Tlowing in either direclion.

The above Tigures nre not comparable to the measnre-
ments that will b referred to later becaunse different size
capacitor plates were oo the generator. Yhe measurements
I will be using were taken before this discovery, bhat we
did not redo them Gecause we zaw that the unbalance was
always a pegative Iaclor, cauzing our readings to be-lezs,
pever more. Dr. Beoeoper did not Teel that it changed the
conclusions ranched, even though the exactone=s of the mea-
surememts might be questioned.

Between February 4 and July IS, 1368, whem the gener-
ator wae in the condition ghowa in Fipure 2, we varied
temperpture, resistance, itypes of currewnt, and types of
power supplies. Measurements were takem by hand at 5 amp
intervals, up to 30 :a.mrp.:a':.Jl Wa did not have the sophisti-
cated equipment that 1s ;vailahle in many laboratories to-

day. Yoltage wae oviten not taken becaunse it wags felt that



Parabolsa
Voltage Amperapge PD pv at 30 amps
February 41
33 10 s T 6.7
¥ 1% | 80 15.0
73 20 2o 26.7
81 23 40 41 .7
110 30 &0 £0. 0
February 11
10 10 10.0
15 25 225
20 41 10.0
25 60 2.5 !
3 a0 a0 . 0 :
] July 19 !
10 15 i31.9
15 30 ar.z !
20 5 a5 .0 I
25 85 86.E :
an 125 125.0 i
L RS
20 =20
15 27 i
10 10 ;
15 26 :
20 - 25 i
25 87 :
30 140 "
25 20 |
Flgure 3

Meaxsurements taken wheh geberator

xark At room temperature.
if we tock our measurements only when the generator was
coal, the wvoltage would rewaln the same, and we wanted to
move up the scple quinkly_yéfﬂra the generator conld heat
up. Alse, br. Hooper felt that the smperaipge was the most

important factor because thedry predicted that the field



intensite would be directly proportional to the cguzre of
the amperapge, because it iS5 proportional to the virtaal
value of the magnetic field, which §is proportional to the
currest, and to the electron dr;ft velpcity, which theory
sa¥E ix proporlional Lo the current.

Figure 3 provides scepe typical weasurements of the
potential difference measured scross the cppacitor plates
by the electrometer at room temperature. The FD reading
in the third column will be the significant figure to
watch from here oi. That is whal we considered to be Lhe
measurement of the intensity of the motional E field pro-
duced by this pensrator. Thils measurement was never just
a sing of the plectrometer needle and then back. Those
measurement= wore steady on the electrometer as loog as
the amperapge rcading was held the same, showing that the
field was being produced continuously. Now, I dop’t mean
Lo =ay Lhat on such a2 =ensitive electrometer the need_le
was completaliv stable, but whep the apperage was turned ur.
the needle wenl vp £lso and-thﬂ instability was always tn
the area of the measurement; when we turned the amperage
up more, the needle contlisued up the scale. IT we had
jerks of the nredle in one direction or the other, we knew
we had something spurious sffecting our readings, and we
worked until we foernd out what it was, or until it was no
temper there.

The PD readings on the electrometer were always very

cloze tno 8 parnbola, as Br. Hooper predieted. However, the



magnitude varied from day to davy. ¥e determined that
there were at least tw) posxzible causé; cf this. One,
thera‘wus some evidence that B to 10 degrees vwarxiation
in room temperoture cauged variatfions in the readings--
the higher the temperature, the higher the readings. The
rea=on Ifar this may hecome clearer later. Two, the unbial-
ance of the power supply, already discussed. You will
note that the fourth colummn of figures onh this chart shows
what the predicted valuas Oof PD would be for the other am-
pernéﬂs, based on the experimental fTigure at 30 amps. The
predicted parabolz was Elways close to the actual readings.

On July 13, we went up and down the scale zeveral
times becayse it had bheéen supgested that our readings might
be Zune to thermoelectric effects belween the tewn capaciior
platex. This proved they were pot. If our readings had
been due to heat, they would net go up and doon the scale
with the current. These rendings slso show that the read-
ings were not due to am 2.t f. 1lnduced by changing flux.
You will rote, however, that after a few times up and dowrn
the scale, the generator did begin to warm up, and the read-
ings on the electrometer began to increase. We bad noted
ithis many times and had assumed that it was due to thermo-
electric effects and, imnﬁﬂiatelr, stopped experimenting
uatil the generetor cooled down. Eowewer, on Junc 4, we
decided to zes just whit the effect of heating was uﬁ ths
meR3UremENLs .

For compariscm purposes, the first set of memsurements

in Figure 4 wore taken when the generator was at room tem-
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Prrahola
Voltage Anperage o v at 30 amps
) 10 . 11 -12.B
Cold Ny 15 27 2B_EB
Cenerator 20 a0 Bl1.0
25 80 T8.B
30 115 115.0
10 13 35.0
Hol 15 14, oG, 32
frenerator 20 73 100, 0
25 123 156.3
30 220 220.0
23 130
FTigure 4

perature. The second measurements were taken the same
day shen the generator wag hot to the touch. When the
generator wax hot, the PP at all levels increasad, and
vou will mee the gurve is no lopger a parabela. However,
the difference wigs not totally doe to thermoelectiric
effeate, becapse there wias a substaptial jump back at 235
smps. Geveral measurs=menis werc taken with the hot gen-—
eratar that doy with almpnet identical resulis. We were
sorry that the voltage mras;rﬂments were not taken becawasc
they could have givern us an idea of how hot the generator
TaE.

Bechuse heat rasistnﬂce in the generator secemed to
increege the PO maasvremenls, il was decided to Iry other
forwe of resistapce ip the circuit with the generator.

The first set of oumbers-in Figure 5 was obtalned when
we pui & carbon plle rheastat in the line. The normal re-

gigtance of our penerator was 3.70L. The rheostat in-

creased the resistance §p the elirevit to 5.358. We dis-



Parzbala

Voltage Amperage FD) pv at 30 ampx
Rh=ostat S5.30 )
23 10 11 2R 2
B0 15 30 n0.0
107 20 TO BEg .0
133 29 BO-100 12&.9
160 30 200 °D0 .o
Rheostat 7.50
XB5 30 360
Photoflocds 12.30L
160 13 10D
hKbeostat 12.350
150 13 100
Nothipg addecd 3.7.1R
43 13 15
Figure 5

coversd that these first mezsuorepcenis were very similer

to the oneas wvhere heat was the added resistance, in Fig-

ure 4. %e then Incrcased the resistapce to 7.541, and,

35 ¥OoU CaAn EiE,

the PD readings ol 30 amps,

therye was inother substantizl increase in

Then, we added phatoflionds

at 1500 watts to the circult, increasing its reaistance

te 12,311, In order not to Suro them up, we only put 13

Aampe in the 1inc, but, if you will pompare that 13 zmps

with the 15 amps above, ¥ou will Tiod a substantjial in—

crepge. For more cowparison, we then returned to the

rheoetat and adjusted it to 12,30 and at 13 anmps we got
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exactly the zame PD reading. Then, when all resigtpace
was removed, the repding was suhstanti;ily less.

fheae experiments sbowed that ocur PD messurements,
belipved to bﬁ the mopzurewent 0f the motional E field,
increased with the addition of resistapce in the circuit,
and that ithe form of that Tesistance, whether heat, carbon
pile rheostat, or photofloods, diden*t make any difference.

Since Dr. Hooper anticipated that the best way to
intensify this fileld would e through the use of super-
condectivity, he wapnted to see the effect that coollog
vould have an pur generuzlor. Oo February 28, we packed
?he generatar, capacitors amd all, with 4dry 1ce Tor five
heurs. Then, we took the first =&t of measurements, shown
in Figure 6. Dafortunalely, there iz no reeord of voliape
which would bave indicated how cold the geperator had
gatten. At first, the resalts were very puzzling to us;
certeinly not what Dr. Hooper bhad expected. The curve was
not at all parabnlic. ¥hen you lock at the PD at 30 amps,
it 12 not moeh different thin st room [cmporature.

e soon discovered, however, that the results almost
exactly fit the curve haviog a formmlz of PD = K11 ghere
K is the proportional eonstant and I is the current, where-
as the formuls for 3 parabola is PD « K12. Then we became
excited, for it could mean that & radical change had taken
place im the drift urlun@;f of the electroms in the ¢5pper
wire, somewhere betwcen room temperature and dry ice tam—
.peratures. If thix was &¢, it could help explain the pheno-

menon of superconductivity. Whetheér it was a gxridnal change
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- Parakola
Yoltage Amparage PD uw at 37 mmps
Dy i:e, 2 hours
10 1.5 1.2
15 & 5.5
20 17 18.8
25 45 45,8
30 o5 95.0
Dry Iee, 17 hours
20 10 1.5 -
32 1D 2.9 2.3 !
43 2D A .3 :
55 25 14.5 17.8 :
68 a0 a7 37.0 r
l
21 1D - .6 ;
33 15 2 2_EB i
45 205 6 B.9 '
57T 25 18 21.7 {
TD 30 45 45.0
11 1 1.3
16 H 6.0
20 I4_8 14.°7
25 40 36.0
al B3 A5.Q
Figure &

or whether there was a ¢critical tewperature, we could oot
determine from thesa experimsmts.

Thet night we packed the generator in dry ice auver—
night, 17 hours_. The readings that were taken the next
day all it the formwda. PD = K1?  Fortunately, the First
two sets of repdings included voltage mcasurements from
which we delermined thnt‘Ehe reglstapes had droppod Ifum
3.7 te 2.3{2, aver one third. You will nota that some-
Ltime=s we misscd the probher D amp ilnlerval: it was beEcause

we were taking the meAsuTements rapidly bejore the paner-
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-+

Voltape hesistance Amperage PL v
< 10 -4.5

15 A0

20 70

25 115

30 150

¥With odded re=istantcd

120 4 [ 30 200

&l 400 15 55

120 1B L} 6,7 180

275 18/ 15 220
Figure 7

AC voliage in the generator at room temperature.

ator conld hear wp. I am sure lLhat is aleu why we skipped
1he voltage measurcments on ihat last run, and afterwards
we were sorry wa had.

Have you ever iried to visualize what happemns to the
electrons in a wire when AC voltage is applied? We decided
to try to find cut. On several occasions we putl AC woltape
intn our penerator from the 220 line coming into our Iabor-
atory and through our powcr supply. Figure 7 is typical
of the resuglts, You will mote that the DD readings were
o longer a parabolk, but almost a strelght line, having
its begimning at lexe than zare. The bottom fipures pre
the result of adding resigtance to the circuit with Aﬁ
current. Hcre agein, you will note tﬁat tha PI incraasas
with the addition ol resistance to the pircuit.

At one point we began to ask oursoelves, 11 this is
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the measure of the molicnal E field, what is hzppening 1in

those wires. Fortumnptely, there are I;rmulas available

ta give ws r clue. First of pll, we determined that thare

wasx ng reasonr ta belicve that the intepsity of the wirtual

magnetic figldd around the pgenerator chanped with tempera-

ture when the carrent was the same, so therefore it must

he the drift veloeity of the e2lectrons that was changing.
To get a close approximation of w,;, the drift velocity

of the electrons, we used the equetion:

PD = B X V-1 . iiim it it mnanennans Equation 3
where PD 15 the measurem=nt of the fleld's intensity across
the capacitor plates, 1 i8 the distance between the plates,
R is the virtoal magnetic field intensity, and ¥ is the
measurenent of the drift of B, which is identiczl to the
Electrpn drift veloecity, V3- From the formnis,

I = Aenvy ..o----.. e mr e ame- . Equation 4
where 1 is the currenl, B iE the eross-sectional ares of
the wire, e iz the chargc oo the electron, and n is the
nmbey of conduclion clectfons, we sce that if v4 chaopes,
R, the number of condnclion electrons, most also change,
for in thies particular gemerator 4 and e sre constents,
Therefore, if the drift wvelocity changes with tempereture,

S0 muat the number of vonduction clecirons. If one goes

op, the other goes down.

i=ipng egquation 3, qqﬁ vaing the caleulus to iptegrate
the line integral of ilbe electirie field intensity, PD, he-

teeen the capacitor plpiles, a more exact flgure for vy cah



e obtaiped. Dwiog it this way, using- the PD reading at

10 amps from one of the early experimeants, Dr. Hooper de-
termined tbe drift velocitiy to be 1.78 cmfsec. Using the
clageical derivation of the dArift velaclty, with Avogadm's
number. and then dacrenslnﬁ it by 100 ss indicated by the
Ferml-Dirac statistics, he arrived at slmost the came figure
Az the exparimental, 1.762 cmfs=ec.

These experiments show that the number of conductiorn
electrons remains Inirly constant at room temperatures and
that. the drift veloeity increases linsarly with the eurrent.
¥hen resistance in the forw of heat, carbon pile rhepstat,
or photo [loods was added to the clrcuit, the number of
‘conduction elactrons decreased from thal of room tempers-
ture and normal resisiepce while the drift velocily increascd.
At dry fce temperature and at low current, there were 2lmost
ten times e many conduction electrons moviog, but moving
very slowly, like cars om a crowded highway. As the amper-
age increased, Lhe number af conduction slectrons decreased
rapidly, ecaugiop & greatly'ncuelerated increase in the elgﬂ—
Lron drift velncity. ¥her AC current was put in the gener-
Rtor, it appearcd thet 3 to 4 times as many electrons were
moving at low amperage as move wnder DC current at room tem
perature, but ag with dry ice, when more elactraons were
moving, they ware movliag very =lowly. By the time the amp-
crage increased to 20 amps the number of glectrons had de-
creaged to ;lnust tha ﬁaﬁh cwnber ma with DC current at room
temperature. From 20 to 30 amps the number of electrons

remained Tairly constant. The electron drift veloeity in-

-
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creased rapidly at low smperapes and continued to inersase
bot at a decreasicg rate at higher ampdrages.

Theze obzcrvations regardipg elecetron drifc velocity
anf] sumber of conduction aléectrons wouwld appear Lo Le mors
consistent with lhe current theory regarding gases, semi=
tonductors, #nd Sémi-metals, than with the current theory
Ier metals. If those findings are true, they wonld seem
to indicete that the conductivity of a metal is related to
the pumber of mlectrons in motion and thelr veloecity, hoth
f wblch change with temperature and resistance.

In his book, Electromagnetism and Reiativity, published

in 1967, E. G. Cullwick predicted, based on experimental
ﬁvidence. that the mapnetic field of the electrom could move
with the glectron Arift velpcity., He alsp said, "Measuore-
ments af the normal Hall effect in metals are often assumed
10 confirm the conventional view that ill the availahle
conduetion elertrons participerte continnously in a econduc-
tion current." He then shows that this need nat he =a.
thir experiments alsp indicate that thiz= mipght pot be ap.
The que=stion ix u=ually asked about haow this motionzl
E Ficld Fils iata the relativity theories® Twr. Hooper has
A 3eCction in his mapuscript where he says that he feels
there 1o no condlict with the Special Theory of Relaiiwity,
only with how i1 is ecurrently being interpreted by some
relativists. )t does appear to conflict with the Geoeral
Theory of Relailivity. )

In the hepiming I aaid that Dr. Hooper began by chal-



lenping Lhe assumnption of electiramagnctiic Lhceory ‘that

there iz only one #leclric field, the EZEEthEtEtic, and
Lhinl lﬁis 1ed him D make more challenpes of field Lheory.
In formulzting his theory of gravity, he had Lo challenge
the current belief that the mepnetic tield, knows Lo e
present when ap ele2trom is ik ﬁntinn, docs not pove with
tho clectron. however, 17 his theory s correct, we bave
o soiid hesis for a unitied field theoory, Lased on Llhe
motional} F [ields cresated ahen Lhe chzarger in the aiaoe are
itt motion. Fhes ho bullit a gencersator lo Lest kis theory.
the resuites challenged the beliel in current thoory thar
the electran dArifl veloeity in metals doez not chanwo witl
Lepperature. an Aspect of current theorvy which makes mntalss
diffexrent from nll other substances gasos, semi-condactors,
and semi-matals.

Dr. Hooper not only vispalized that if his theory aere
carrect that we could tap the pravitational fieled fnTrnHErgF_
"atomic”™ enerpy in its most esahle form; he alsa saw the
possibilities, if this motional E field could be iglunsi
fied ennngh, of gravily free areags on 2arth, artificisl
gravitky ir spuce, space vehicles, and oven off the road
vehicles on carih.  He felt that this Jield could be used
[ur communication throupgh ﬁrevinualy impenelrable barriers.
and Lo separpte dong, such as io the desalinatipn of water
a7 fhe vonlrol nf thermonvcicur plasma.

Now, lats po Sack to Zguation 1, E=E X 7V, nhere F

reprasented the Inténsity nf the field we wore producine,



That 1alersily represents the strength ar the fielo. It
mrst bhe =mcbetantially Increased hrfnrc.thr Field can be
made uueful., The vV in 128 vguation ropresents the elegc-
tron drift wveloesitr in lhe malerial makiog up the generalor
Bu increasce i lhe deift velocity womld increase the field's
intensity. This resgarch lpdicates Lhal il cao be done ut
hoth higher and Jower temperatures, and with increzsed ra-
sistance in the cirecuit. Jence, it provides a dirsction
for me¢re ro=earch.

To begin, most wnuld want Lo daplicale the exverimenls
Fere outlined. All the original equipment is still avail-
able. That might leuwd 1c hoilding generaicors like this
[rom o variely of mulerials, which wonld give a great deal
of information about tbhe conductlivity of =molids, herelolorco
Ankoewhn, whicvh could iadicare 3 patterr of activity for
eluctrans in various watericls, wmaking poscibde prodictioens
ahoit what oappens te electron drift wvelocitr at bﬂtﬁ higher
and lawey tempoTatures, ampﬁragns, amd with »aryving smnonpts
of resistanes.  There would probabkly be smome materials tast
would be hest used al high tomperatures, others that wonld
e best at Jow lemperatures, and =still others thatl might oo
well 2t room temperalure.

The pogaibilitics are great that this experimentation

Depan in 19G9 will transform the world.



