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| - servetions nr effects which are usually held to be
relevant to rela.tinby theory, and vhich are' :anlud—
ed in all complete discussions of ite |
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_nals %o measure tho:

creased under those conditions.

It was this group of effec’bs 4hat wag first '

o

T
THE KINDS OF EFFECT OBM
An Outline
thall first list Lhose groups of ph;y'aical ob=

Effe«ts Involving Distance and Time Interval

Nemely, dlstanoe a.nd/Or ‘ca.me interval dis-
tortions referring to an object in motion
with respect to an ‘observer using light slg=
g6 intervals, the effects
becoming more pronmmced s the speed of the
motion lncreasese L

When measurkd under these cond:i.'biOns length
intervals appear shortened. Time intervals, .
as given by 'the clocked sending and receipt -
of a light signal, are observed to be ine

noticed by HeAeLorentz in 1895 as an explana=|
tion of the Michelson-Marley experiment. Lor-
entz expanded his ideas in 1904 with the con-
cept of 'local time' ‘and the celebrated Lor-

entz transformations, which were incorporated!
by Einstein in the special relatinty theory,

put forth :m 1905, ‘

These ei‘fects, largely because of insuffici= |
ently clarified ‘thinking ebout them, have led

to s grca'l, deal of unnecessary misinterpreta-
tion, largely in the form of generalizations |
quite unsupported by the phenumena themselves
and the physlcal bagis for them.

Discussion of the ‘matter in' greater detall
will be found in the second chapter.
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Observed lass Tnorend 0 of’

! With I.ncroime of l‘&l’ul’(}_]__e Vo.lom.hv
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I

. o | .
I The beginnings of Lhe «tudy of Hn o phnnmnenon
yere made by

J.J.'l.'hom"n,on m the 1n L 0‘mﬂur"y, |

The physieal hagia for 1 ﬁs elfect 1s ‘mmu
at the conclugion of chmpt,nr IT, and mmte i
nothing more that is mqu,l.rod to be #aid abcmh
! it/ in this ou“bLan.‘ | “l

| | ) ‘ i |

\ ‘ ; :
| ! !

! Massiin Energy, frxwm appr"rmmahe.l;y' by "L”’”p n,
| c..a

‘ e bmng the valomiy of‘ an nlectvo:ummmbzc
’ Wﬂve :I.I_A} __”_(A"guol ' | 1 ‘ i .

The above gtabement ia comzu dmmbl;y more ph\ym

' ieally corvect than the mnn: ugnal and more

immmm fdrm "the eqmmﬂonm of energy and
Imqs’ B

‘ |

’ |
| ]
,

| This mitual mvoivnm(»nh and ' nbnrchmweah LL{,;y“

- of radiant energy and, mass gives rige to a' |

{rr‘onp oﬁ extremely meor'bzmh physical eff G(..bSm ,

‘ [
As a anor of Mhe }nsipmr of science, neither
those' effects hor the above ‘aquation connect~
ing them were discovered by A.Einstein, Ine-
deed, as wo éﬂm,ll. see in chapter III, the e-
Qﬂﬂfiml E = me?  long ante~dates mla’ryvn tor
ﬂlaom,‘ nnd, pyen more ﬁmpnr’ta,n’r for ;mrpomq
‘of logical clarification, does mot avise with

‘ An the theory'becanse of the relativistic ao-

| s’tmnpmoncs Ler '89. ! o o

| A b P

~ How the squatlon getsito be in rolativit,
i1 theory at all sheds mogt interesting ans
eal light upon the foundations of the the

Fidom
v

L mi on, the dPJ"Lthion of the scope of 1

| Lo ! i

f

b
}

RELATIVITY T HEORY

EYALUATION (@

This view was first urgad by EeMMh [21___

| A dlscusalon of the matter is to be found in

‘As we shall find, this effect is gimply one of

between applied force, of whatever sort, and

competency in physical phencmensa.

chapter III,

i
i

The Effect of the Presence of a Gravitational

Field in Lammxg the Frequency of an E‘lectro-
magnetic Wave

Tn the vange of visgible l;f\ght , this vould mean
o shift toward the red end of the spectrum -
the so-called_ 'Binstein shift's

the consecquences of C, as well, as 1s the bende
of the pa.hh of light in gravitational fields.

The Equivalence of ‘Inertial and Gravitational
Mags

Mochanik in ihrer Entwl y chell,seceviii|
parel, Prague, 18831 as pa.r*t of his general ‘
theory of phencmenological relativity which
Jater go heavlly influenced Einsteln.

However, the a.bciva heading states and embod=
ies not a'principle! but slmply a physical
fact that stems directly {rom the connection

acceleration, It 1ls this connection, first
clearly stated in Newbton's Principia, which
consltltutes the actual principle involved.
Mach, when indeed he is not in actual error
(as in his unsuccessful attempts to extricate
bis theory of absolute and dogmatlec relativity]
from the grave difflcultles and impasss oo-
eagloned in it by the fact of the aimple ex-

igtence of the phencmena of rotation) is in-
variably found to arrive finally at some re-
formulation of Newton's mechanics and dynam-

lecs, often in more ambiguous and hence less
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Mf%abl.e {or'm, Seo Supra, chapter W‘LJQ it

1 |
I

[ “ I | 4
Fo T}i\o Oonf;ifahm* of Htheloai‘w‘:V of an Electro-

mﬂgnpt:lq Wswe 1ndepoment of the Spead of the
Lgource the wave bemp iLn an 1sotroplc,homo-

|
1 i

| Eqneous medium -

'Ihiq statement i.s o;f“ten :mnpmm sely p‘jven f‘md
incorrectly tmmad n prinqxpln $ nhanely, "the |
pmnm ple of tha cons tmu,y of the velocity of
1ightts I% is not a principle, but a single
Uthmtion of‘ a umvm*sal f”nct of 'wmfe mo-

[ Sy

qvmnmr and wnvelar\mh 0{7 a m,w, bu”b the pI"O""
duct of the two, the ve1ovity, migt remalin

' tonstant for a given sxott'cwpw c homomnecmf;
madium,  This s ¥nct entors in a'fundamental
wny also into the discussign of the i“f,eub
of G:mup A. Dis scuss don in, v}mﬁ)bm‘ [,

| i .

u» Hwotmmmne,blc Induetlion ,’ o

The attempt to reduce this group of physleal |
{effects to 'merely a matter of relative mo-
Ctiont, 1o discus md in ¢hapter IV, |

This Atlempt ik mln!mri .0 the more goneral.
one to mbs*’oitute }r\mmamyecﬂmhﬂv fielda for
‘foyeos, Since it is quite obvious that ab-
"stpact poometry apart from soma physical en-
tity could hnposn ne metric upon the p}w’r{iml
vorld, it comes as no ."Ul’pr'ise that ‘when euch
fields are scrutinized they turm out o' ba
foree fields, mﬂmm.mhly asoociated with
matter in some, form, and Hm's with the ix-
aradicable ﬁinmﬂamhe that ‘arise in the |
field equations and that present a funda~
montal, phyhical antithesi's to amy dogmatdc
form of, m.l.ativj‘.#;b‘ir ppocitlation.

A1l thess facts dre intimately connacted v
the physical implications of Cerenkov rad' -
tion that will be' discusred in, the Append: -

[

' i migleading confusions is straightway obviated - con-

"EVALUATION OF RELATIVITY *H

J ‘ : i ‘t

BORY. _ . ‘

{ measurement of length and time intervals by signals

‘have peraistently dogged exposgitions, even the most.

II

: MEA"URENE‘NI‘ AND MEASURABILITY IN RELA—
‘ . TIVITY THEORY

The essentially distinctive part of relativity
theory, defining it as such, is cancerned with the

of finlte speed, the sending and receiving points of
guch gignals being in motion with respect to each
other and the meaguring observer being at the re-
I'cedving ende ‘Tho slgnals are elac‘bromagnetic radia-

"blon,
When the e:mc’t. condltlons are thus clearly enun
ciated and born in mind, a host of troublesome and

fusions that risht up to the time of this writding

technical and advanced, in relativity theorys

First, there are some basic consoquences shem=
ming {rom two of “the above conditions taken together:

1. anj'be aignal speed
20 Motion of the sending and ‘receiving
v - points with respect to each others

This combination lmmediately means that length
and time Intervals, as arrived at by such a system of
measurenent would naturally be subject to 1llusory
digtortions, inherent and inescapable in “bhe defects
of such a system of measurement. :

The time distortion arises from nothing more eso=
toric than the 'elementary relation that distance e- |
quels speed times tims, or, in this instanoe ‘

g = ct,
vhere ¢ is the velocity of light, assumed congtant in

special relativity theory (See F, page 4). We may re-
write the equation as
" s/t

Nemely,

= ¢ (congtant )

e i v —




[ i
6, s !”tALU

4L B P — e -

1‘ (TW“T ously, Jf’ ;3, t}m d cxt,zmoé, is mnn,rnmml ag
qhnr'tnned, the time interval, b, mug t b meagured as
Jdengthened in order b{w pvnm‘mm ,ho cmmimwv of ¢y =
z{nd s0l H; proves, in tm Lorent? | transformationss 1‘

| [ |
|
!

T}mm transfomations are simply ihe mbhemz\mral
dxpression for the obrm'vr‘rd i m,or tong of lengths
and times (and honeco, of oourge, 'of unlt lengbhs and
tines) occasioned by the nlinvmdpﬂcmkmd optical il~
lugdon, inevitably mmmngf from the method of moas-
urement smployeds 1f 'seund aipnals had been uped Iin-
stead of 1ight, the distortions of moas sured lengths
dnd times wold have beén vormwmndmp];y yremzox' ion
ddoount of the Jdovar velocity of qrnmﬂm The Lorents
trmn fomabmnm ,ﬂ.opbad by Einstein in his mnf‘iqj
{'heor",r of rolativity,:would exactly npply, mqmr:mgj
nlly thHs substitution of the velocity of sound in,say
a,ir for the gymbol. ge 'l‘hm1 the  sensory '11,11)‘?1‘071 would
bo aa'ﬁ 1y sppavent. I'or the 1} sh speed of light

ite [See ' Chapter IiI also, discnssion on page 11f.)

t de elevation by a ho L oof wrlln‘w'n, learmed and
cthorise, of Lhe opti vh,l sancorty 1llugion here dine .,
volved Into an agserted intrinsic mlal,.wiby' of mmw
and tine’ fhpnqnlves }m hem‘x perHaps the most gigant—
ie }inax, pmhabl beatise lavgely unconscious,! ever
to arvise in tho history of sclencea LL was nol per-
coived for what it was becausa of men! h&bLtUﬂ.L rmd
preferential regard for the sense of m ght, blurring
their! otherwlsn nmmm,}. mudancy to check an 1l )us:mn
by the neo of hnothor serges Pm'f‘ommny the same
mqthethﬁic‘wm] sonnd al mml undmL like ocamlLtLons
would :instanbrly have nrovep tho point,.

But what actual 1y hmmvn1d wag like = man say LIJl{f
that because a peneil appeared bent, and foreshortened
if half-immersed in uﬁimm that therefore ’smnc‘e' a8
cm"‘md, tulsted and ‘relative's " Op that becavsela
ﬁ‘mbch alowed down in a magnetlc field, that thopefoy

time' vas ralative's Indesd, a ‘dlogoly velate forn
m‘“ this absurdity o8 actnally put forth in ;v eral
relativity t‘wor'y‘, ‘where pa.rt of the relativi‘y of
time id derived from the slowing down of (ﬂm“‘r( At
netlc vibrations in a ﬁ‘wwﬁ tational fiold, i ob
of the 'rolativity! beiny dus to the opbica’ il sion

)
|

[

hbove 'discusseds Why not add to Lhis ‘wot e ho

mass

i

EVALUATION _OF _RELATIYIIY. THEORY '

| ence of a magnetic field? There no reason not to, f@:‘

'magpe tic relativity of time?! observable in vibmt-
ing gystems made of iron when they are in the pres-

it is on the same footding as the gravitationally in-
duced 'relativity's In fact, because of its very -
vaunted accuracy and attention to mimutiase, the the=
‘ory should includs it What dif:f.‘arance wuld it make
if a fow more heterogensous effects of quite definite
and clear physlcal explanation were oonglomera.tad
together under the catchall, ‘relativity'? [See
Chapter IV, section on gravitation, ]

Tndmed, that very procedure of conglomeratiom in- |
'gbead of explanation has all=too-often bean the mod—
us operandi of the theory, The ideal mathematical in-
gtrument for such déscriptive conglomeration ingtead |
of explanation lay close at hand: the tensor analysia
~ Which by its very nature can lump together all sorls
of heterogenecous phencmena, the relations between
vhich are not known, and present them in one format
with a disarming degree of formal mathematlcal ele~
gance. We are not here disputing in the least the

| glomerate forth as a proof, demongtration, or explan—

|his work with the photoelectric effect rather than fon

place and usefulness of the tensor analysis in de-
riving and presenting, say, field equationse. But it
is not either physlcal wnification or explanation to -
Jump electromagnetic and gravitational factors to-
gother in one tenson and then put this contrived con=

ation of unification between the two sorts of phano-
mens, The tensor analysis, and not always in its best
aanse, pervades general relativity ’c.heory.

i 'Ihe groat search in aclence is toward the greater
unity of nature, as reflected in a minimm of assump=-
tionss We would all like to see gravitational and
eleoctromagnetic phencmens wnifledly explained, and
that in particular is an old quest, arising shortly
after Newbton, Bubt Einstein's suggestion, first madse
in 1929, and recently revived, is merely to make a
tengor conglomeration, with no ‘genuine ezplantion or
fundsmental concept, whatsoevers It 1s perhaps not in=-
slgnificant that Einstein received the Nobel Prize forx|

his relativity theorys which nevertheless ha,s per~-

['omed a useful Hlstorical functione , J
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! I.et Hmm 'be ne doubt abdut what we are saylngs

Wa are making this tmatifm as ghort as posgible in
prder to keep it as clear as possible, in contrash
to the mltitude of publi ,cahed wordinegs on this sube
Jact, attesting on. ly to the confusion surrounding 'i.”tml i
For exmmple, even }“.drimptnn and Milne ,thov‘ﬂph they |
disposed of it mathematieally, did not roalize the L
- notorious ‘tuin paradox' of relativity to be the trked |
1al thing that it ig, lariging only from the simple |
fact that the domoalled 'paradoxical' time “lengthen-
mv’ wag an npﬂvnl 3 ‘.Lum on due to reading a clodk
dal by mesns nf a Yight' signal of nategsarily j, inite
speed under conditions of 0hsmr"vntvmm,l motd.on vhan
such fintte smod needs mist introdics an erronsoua l
axpﬂmmrmml distort: ion of measurement. Using a sound
 #ipnall under like conditions would introduce a mch |
‘gma*er time retardation? bacauge of the much lower |
veloclty of gound as compaved with lighte. If deh.ng«m
ton and Milns*had realized the trivially simple basis
'of the ‘'paradox' thay would have pointed it eut in-
gtead of merely showing that whnn the traveling wm# 1
are again together, the time riLar"r*epau('Y disappears |
(as of course 1t must, for then there is no chance

' for gignal error) in a manrer congistent with the ’,

mathéma.ttcm of "the Lorentg trmmfommta_’onm oy

.

1’1 lustrating the point further, it is no% generale
1y realized that evnn the ordinary Doppler effect will
introduee a 'time. retardation' when signals subject
to Doppler's affeoh hre u%d to read clock dials on
two mitually mmdmgf mm'trmm of obgertat Lorw Similary
Lapseding up of,
mmn“ if the two syst hns ' were. approsching éach othav,
‘VWhat is more impmﬂﬂiﬂ,, gince light signals kwa &b K
Jject to Ihpp‘lear a affe ct,‘ guch time-effacts mugt be
a:lgebraic&l 1y added to these stemming from the Loventd
optieal $linaion, RTI}(‘B’ the 'canges of the two 111~
glong are indapendent,

the Loventz effects ariging
solely from the fact of Lha finite speed of Lighty in |

connaction with motion churd. ng obgervatior. There isg ;!
mbqo.lutfaly no question of an int't'jncatc df shortion of |
jepacet or fime! baing Involveds Long befor relativity

. reference discovered after this study was under =

1 ativistic and claggicéal formulae for the Doppler Suift

“travel a finite distances" This reference will prove

eritical acceptance of an erroncous interpretation of

{18 a very different matter, should of course have bea

| forthy s0 much so. as to have become characteristics

thnc)mr, Lhe well~lnown Dr)pp'lﬁm offect wa:
distort rl 'Loca] bime! hed been @

giving ug

'Aujﬁlinb«.m_w_

hgglm o accep an opr l.msifm iQ,‘C

physical reality, much as an unSOph:Lstica.m\; savage
viould view any experimental or sensory illusion. In

taken, we are happy to note that as far back as De=
cember,1938, JsReColthurst remarked in !'The Mathe -
m;ﬂﬂ,r'a"l uq,wtte'(p./;fJO)- "The sp~called Lorentz con
tractionsse,the Lorentz transformations, and the rel-|

effect, are all obtainable from a conglderation of
two photographs, and an abstract didcussion on unitse
This interesting result ise.eultimately dependent on
che ginple fact that 1t takes light a finite time to

to the reader, as it did to us, an excellent confir -
mation of the results already established. ‘

If we allowed every semsory illugion to elicit the
irresponsible %ateﬂn@n"b that thus the non—objectivi-
ty and relativity of Tspace!and/or'time! were prov=
ed', there would be confusion worse confounded, and
nO't:. science., A by no means negligible tendency toward
gich confusion has been evidenced by the hitherto un=

the distorthon effects called to attention by rela-
tivity theory. Worse still, as a factor working for
guch confusion, are the. semantic misrepresentations,
ariging from miginterpretation, to be found in the

theory itself ag it has beem put forth. No less than
Singtein has said [ 'The Meaning of Relativity',1946,
Pe36]: " This follows from the second of equations (29)
and shows that the c¢lock goes slower than if it were
at rest relatively to K'§ The correct statement,which

that the clock appears to go more slowly when observ—
ed fran the moving system K' by means of light sig-
nals, than when go obgerved when K! 1g not moving in
raspect of the clocks Thig 1llustration ig typical of
the sort of misleading statements (whether uninten— .
tional or not is beside the point) that have been put

in even more sbriking and séientifically inexcus-
alle instance exists of the naive acceptance by Einstein
of the Lorentz ai‘fect ag physical realities in them~

aelves rathor than the simply optical effects of tha‘}
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meoa. .“)" situgtion that lhm nra. He in effech
[ hg Meaning of Relat ivity!, 1‘ 53,16 59=50] thatl an oby
gerver atl’ Hm center df n r"n; bing wheol wonld, by
jl_ip‘nk :f*m g MoASIr ;{}m ratio of Lho clremferance
aince the }Jorw

to the dianeter of the Yhaeel ag w4

RELATY ¥ 1‘7‘ ¥

By

torthe divection of m.tions Binstdin char nnlnt‘? sticals
ly does not *ofdr to \t'm opltdeal r"wmo ofl the measure
meht distorts (m, and seys ~Jr’1y r(’q”»’»m("LUV that:
[J_b,,nwf‘-()] ”hth peane ! o }\U'm ()(‘.f(""““f“ al the oane

ter} the rods uron 't ’w pariphery e.ipemex wa the Lo

!

entz coht mvtmn,” (italics umﬂ,,) ¥
Ac'l*m:l v they do votnmt* af 'the ldndy ‘and the

r-ont,m.r‘hon nmwm* rm]‘ in the ﬁbse"r"vrﬂ*' eSO

menbe anrl no vhers els ,-~‘ tey tn,»,nly not in the wods.

Bui,? more surprisingly,, beeanse [ ro unvary mxtndlv“'

stein goog on Lo conclude that [_Lb,,,p O0] e Mt Lhnmw

i{ﬁnx*\a follows that the lnws of cont imration of g

bodies mﬂl m speet w0 F‘(l‘m‘ vnifersly rotating’ oin
|

cumferential 5y Lmn\ do not agree Yoo Jauwg of

THHOR Y,

rontn gaf!f.{,act anrearg CT“H alon 'y and 'not perpendionlax!

Wi, U
confimration of ripgid bodies t h,a.t are Ih acco mLmue
with Enr*LLdeam p,raumcatum” ‘ 1 ‘
Unirwtmmtnlx, noithbr Buelldean trommm m noi the|
lavs of the confignration of rigid bodies'are involy-
edy and nothing even yemotely LIJ\,{";HW al >('aveww(r~,mted °
conclugion follows from, sueh rm agnariment, ’l‘lie Yaws
oi; the cinfigiration of 11? W1 wdlos b,oor gmvtmw
aven FmLt 80 pampous and dmﬁmaf“ﬂ Cy are o Mob in the
least invelved here, {vut. oniy an opltical measurénents
effect on the sone physl oal level, Qi gimifice uce as,
the 1 Sm’l.o‘r ol fect. S3ince! tin :ﬂ)(@vp avpiment is the
basis | of Binstein's vali. dation of ' 'genaral ‘t'iv’i‘tv”
it is lmariy patent thab' tha general and special }ai-a
ativity theories,ng }mv hn\m* baen put forth, hrvvé
been egregionsly misinterpreted and mcm sented,
ow\i'l e thr’u{ acts on whi ch "Lmv jore primardly bogsed
are thbge of aetually the mosh ﬂJmm*ntwy‘ k,mﬂ m the
theory of phym eal s rvations ‘

‘ |
wentd 1oL YLhe

B ol
aen'te royaphe

it The entire rm'{i,"(}x'* e strons Ly mmuei
e clothes! of the mnu"(‘ﬂ!‘ in Hans Andor

[ for too Tong been
!
|
ltorprethbd, It J_u b
, R

ing 1itd le story. The mwpuor' m im" ingbaave hae
the 'seience of physicss The new T

Are T(YJ(Ltl'v'lf\f theo Cag ok forth_ang i
finea {Uu’ L, ,H!%xnmm C‘XJJ( g? ,,ES
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ion to the acb that, Elie amperor a.ctually 4 nothing

Yunintellipgent! for not seeing the 'fine texture! of
the non~existent cloth, that no one spoke out except
a atreet-boy, who named the subterfuge for what it
ung, If any mipght wvikh to call us 'a mere street~boy
in the ficld' we pla.dﬂy accept the appelation.

Tt will be useless for tre school of relativists’
to a1y alter this publication that they were aware of
thege points, for thelr mountain of published papers
and books on the subject prove they were note Indeed
o concarted albelt u.nmtting tendency has exlsted to

ohscure, ignore and pase over the very basic and vitel
points that would once for all have made the subject
clear, and so increased both its usefulness and under-
qi,amh_np in' science. We frankly admit that in the lasy

{wo paragraphs there, has been a bit of emlnently JustH

ified lack of pa’t,lence vith' the notational and verbal
obgeurantian that has in such quantities for almost.
five 'decades been stifling.correct interpretation in
thig field, and hindering the progress.of fundamental
c‘onw»pbs, with respect to which physics is at such “an
impasse today, reduced on so many fronts to a practi-
cally empiricel, trial-and-error affalr.

Dre PeWo Bridgman {'The Logic of Modern Physics‘,
Pel71] may well have had¥reason for wondering whether

B8 a very wnvemen“b wey of tylng together a large
group of important physnLce.l phencmena, but not as be-

ing by eny means a full or complete statement of nat~ 3

ural relationge' [This is profoundly true.

The distortions of len h and time according to
special relativity theory (which is to say, according
to Lorentz! transformations) are quite usefully cor-
rect it regarded and inteipreted ag what they arejylze
corrections to be introduced into measurament gy stema
involving motion betwien observed and cb.,erver, to
offsat the effect upon measurement of employing sig-
naleg of finite speeds But when such distortions are
taken literally instead of simply as heuristic alds
in our utilization of the necessary optical illusionsg
involved in onw‘ ‘gystems of measurement,- then we are

ir Mmmf in f‘antasy',m th necessarily’ “bvis’oed notionsc:

|on. Vet in the story nearly all so feared being called|

5 special theory may not be regarded merely .-
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What males the matter move difficult fo 'dieon- | b R
tangle 1¢ that' the so~called 'vrelativi atia! ‘_wm.;éméémbirw |
o ;‘T“:’l;‘vj? Of;) n Glm.l{g\e:d pn,,‘x*"c;:i,‘ <1r’ with ‘"vr.a.',l,.m)j:l;yf,‘} mid fhe y’ ! i IiI
» charges,, are phenomena of an ‘entirely differ- ‘ Vo TEMTT AT R
P e;{‘i:.xt 01‘@9:‘ and different phyaical ml‘ii.‘a:ﬁ,n :mr]ﬁyei{m{;;;m C THE UERIVATION OF E = MC™ AND THE
, tion than the Lorentz effects, They, arise in rel ,W{;-i oo b POYNTING AND POINCARE VECTORS
| ity theory only bacmise the aignal chosen = j‘.l_:i.;f.'}ﬁ:, e Jai ‘ ‘ ‘ ‘ . ‘
. an ;elec:L‘tmonmgne'bj.c wave, and for 'foasong uamcm.r;,m:'md ; Prior to proceeding to the main point of this disy
i with rolativistic asmmplilones Indeed, 1t is only the { * L cuggion it is necessary to state an important short~
| 1 Lorentz, Doppler, and similavly oveasicned effects ‘ coming of relativity theory not mentioned thus far,
| {which can rightly be cAlled 'relativistict, and they 1 | ong ‘that affocts it even within the bonafide sphere
all have in comon that they are obgervati onal 171w f, ‘ of its competency, lage in the matter of, accounting
| aions fof meagurement, SI:;(aﬂn‘r%:?!nf{!i‘x'cﬁn‘ the signal situa-~ e i 1 jand correcting for optical 1llusions of the measuring
tion under f-"@ﬂ:i.:ttzlr.»n.s of motion batween the obsarved i * laituations This shortcoming is that the ¢ of the Lor-
}_ | gng o"t:,»c»ex:‘jver,‘ Thn aberration of [11ght aleo belongs in enty transformations ig taken to mean in relativity
: | this class of effects. - | SR ) | theory the velocity of 1light in vacuo, whereas ¢ act-
T l‘ b N J ‘Blli‘, t}np magg-dneregse’ of o (.:}1&‘1?[{0(’1 "pﬂvr"l;j ola of | | A ‘;’?J‘f‘]’”“rxm."“sjc' bo L?'k e-m‘ t? me%n ‘t;he.tgelo%ty Oflii gh tI}n
’ Hgh veloalty, the hagnetic Meld surrounding a mov- P cHa medium in which the observatlon ces placas
[ ‘ ling charge, and the b@baimz off the pn’tﬂf:nf "l*'f,rix‘t- in m o the observation culs across a boundary between two
I g‘:}mi‘t‘,m;;‘_o&:m;]..‘ field, are pﬁémmmﬂd of n vm"y di éfmr‘mﬁ medin, tio Lorents transformations are required: the
’ dort, and thoy will bo dealt with in the Lohlowing o . teipst uging the speed qi‘ light from the obgerved
[ "bx-[ro chapters, b S Y ? pﬂing t% ;ck;e} Te?:i.ux& boxm(larg; anlg the seogﬁcel glmtin the
; U7t pemaing onlv to ad P . ' Iapead of 1ight in the second medium over 1istance
o interprdtationsy up to the point mmm; L\mr dmm;-,-n " h | ing taken into a.ccmmt‘ifl fche.,lord;l_‘nary fashion,
'wprlc‘i\ is qrz}shﬁc‘l by veridiecal phehomens and valld eomd 1) Fa:i.].;?ng 'i;hus“'p roper Ly to define g f!.s & serious
; | g_%l:umon g which it had %mht‘., thouiht to toke inbo aoooul ; ! m-;.ortccim;{.n.g in relativity theory, parti cula,rly in
! f wo regarded a pencil ag banding whenever we parti- L view of its inslistence on the refinements in accuracy
ally immersed it in water, and then unbending as it | I 01 lof its deductions as regards length and time intervals.
wag rqmqﬁ{ed,m corbainly our results would £it obsep- || ' o Tndeed, the factthat ¢ mugt be taken as light!ls
| vation a8 long 88 we confined our Inqulxy bo the uge - velocity in whatever medium the measurements are made
, of Lieght alenalg. For the illugion wag' caused ‘ny the " overthrows at once the over-bloated and quite incor-
natural limktations of the tachnitme of Inquiry, But || | rect phrase Mhe principle of the constancy of the
: let us uge the' panse of totch w‘,:hi.lfﬂ] the pencil is ' velocity of lighte! There was nelther constancy nor
. gemi~inmersed, and at once our illusion is disparsed le. principle. S
{.;.gd ;ir.tswgzmhiawh‘ m,lir.?yz:i..*t;y_, bqﬁed. on the nature of ‘ o If the entire gystem of observations between twy
l T‘Diﬁ:(ﬂ,lﬂiﬂ T‘rzﬂl"i’“l“‘”tﬁ{m bent, not the penclil. Lo jmutually moving systems were carried on undsrwater,
. v means o physical entity with merely a contempor | |then in all the Lorentz equations ¢ is not equal to
‘. ‘ Iy ona of 1t8 measurability 1s to eonfuge and ob- ol o1 L0 " Dz 010
i gtmet inquiry in the namae of nothing more sgacred | | 3°107" cm./sece, bub we must use ¢ = 2625410 Gm/ Se
than a4 demonstrated dedrth of experimental ingentr! ' |and likewise for any other experimental mediums :
To eulogime suck dearth into a principle 1s dieas ol ) C Uil The only real mesning of some lprineiple! of the
I e e e T constancy of the weloclity 'of light 1g one that,oddly
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| ]ano{w‘u, mnb qnw.n unpm*mlvnd and unghnrm by Bin-
‘ eﬂ'm velowdly of a wave in a modium ia independegt of

‘\‘Mﬂki her the motion of, tha sourca or ths observer, imi
PR g vnds only m»rm Mm deneity and Q]mmﬂ% lelty' of the
‘madium, It may beihere mmﬁthaﬁm] 1y renarkad that
jthe fact that light behaved in this mamner should ime
*madim,aw bave suggegted the pmvén presance of . aoma |
medium,  from gur experdi nnm wi’cfh all other wava mwhwm

But the Lhmw’hm of mnqmm and the valab HHMM
!sr*hml were in a very differ fw{‘. dimﬂllmm oriented
o {#nvmrd the purentt pf maasuremant 11lusiong ag rhaii-
o 'hiﬂs,, and thus naturally fatlad fo ens tha eignifi-
carlbe of a rather almple physieal. facl Hirwnl_,.y T
| |foxe their very ayee, Hoaping Ossin upon Falion thet !
x hryl hwlndml a ramilt of that nnrecognizad ., faet ra AT
imJlu trary and wiexpl. adned Mmmtpf,mm "ha pr mmpm
of the mnm,mwy of tha veloelty of 1ight!'t, whi ﬂ\, .1
a’fwva ghown, g hwmw»nob in the terms vnder iminh ik
1d conmived, urmd and' stated in' gha"lmbxvi ty ’rhnm:sr,

I [ One m“ the qni(vqursl and clearest wnys to demon-

¢+ i strate tha sariona errors of i nterpratation and the |

| {despwsantad artificlality and ad hoe shructure of rel-

] 5 ativity theory as 1t has been pmqun%m}, 18 to geh up

an ideal experiment, a device vhich thé ‘relativistlc

'achool s go fond of pmpmmr?!nq@ A1l wm mist do 1o

isw cmmlmh the demonsatratiem is to r*cmmoer the o‘mm‘»i
vm,mnm aituation with Jight as the glenal in al ed-

| ! 1um such as water in whish the mvip’in of mm m‘»rwﬂmm

stein. This meaning eomsists in the physleal faat) thet,

- gﬂzﬁﬁ system, say a particle anergized by s Mew photom,
- 1dls moving with a veloecity greater'than that of 1ight
in the medlums Thus let s aay” wich A particle is '
' travel: ing (as has hffvrm expemmmﬂ,ni 1y proven pmml‘tﬂe){
‘ &’{ a gpbad of 2.75e 1010 c’mm/ M“
of 1ight 'in wa’wr is only 2. ?5«1()1.’3 ana/s00s

tmnq{lom:ﬁ‘ 1ong of mla%vzﬂv 'h.., _‘X”V“ b rmk dowm xzw’i
lare revealad for the artdficlelity of measurement

| they dre = usefl when rightly Smemmhi within = ha
¢ secope of thalr compatenay, umlnqs bayond that pe
I ﬁ’moh pnrt;tcleﬁ can emd do em,Lah, B,r'd l;hﬂil' "lmm!t d.oj
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] mr.iab, ‘and their leangtns do ‘not become 'z.ero. For fur-

an elechromagnetic wave that did cresp into relativity

| mass With kinetic energy, are fundamentally derived

L ho the rate of flow of electromagnetic energy, and

| Ingte vector is aqual to cf

magnatie enargy and masg,

‘ 4! . : 15

ther interesting snd most relevant consequences of
thig sltuatlion sde the Appendix on Cersnkov radiation

But there 1as an effect of the light signal's being|

theory through the back door (that 1s, not through te
rolativistlic asmmptiond. Entirely unsuspected as to
1ts origing it becamg misrepresnted as 'the relativ-
fotic maga~increase! of a charged particle with velo-
oltys It is not generally realized that the relativ-
lstic expressions for energy and for the increase of

solaly from the conglderation that the -energy be of
electromagnetic origin, and, the mass that of a charg-
ed pzwh?o]q (V. ppe 42=0, 1The Meaning of Relativityh
As Binsbelo,cite Supels On the bagis of mich a derd-
watlon (whlr'u wag ‘englly managed becanse the signal
‘usad in relatlivity thaory i phys:l cally speaking an
vah‘omngmtlc wve, nossesaing electromagnetic mo-
' mentum and mase), in vhich wasg madced the entire in=
dapendence of the reslt fromr relativistic a.asumption,
the electromagnetic mags—energy interrelation given
‘approximately by the now well=known equation E =me2,
This squation is part and parcel of liaxwell‘s electro=
magmabic theory. ‘

Tt ariges mogh gimply from the direct equivalence

of I’o‘yntmg g and Poincard's (sometimes called Abra-
ham's) vectorss The first (formulated in 1884) refers

the second (firgt formulated in 1904) represents the
denelty of the electromagnetic momentum assoclated
with that energy in an electromagnetic phenomenons
The relation of eaq\.livalence ‘between the two vectors
on the basis of Maxwell's theory states that Poynt~
times Poincard's vector,
vhere ¢ 18 the velocity of 1light in vg,cuo. If the
flrst vector be P and the second,p , we have hencse

'P—-pc2

which immediately, upon oonsidera,hions of anergy den o=
1ty, ylalds the relation  E =mn between aloctro='
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‘Tt 15 extremely imporiant to nots, in view of bthe
obvious' confusior. mirrounding the point, that thias
sruation warrants no general egquivalence of mass and
shorgys On the contrary, under the condltlons of its
derivation its mays quite spacifically that mags can
esmvert directlr only into efl,.e»qtmﬁnagnmﬁ,o anergy = |
| which then in turn way be, eonyerted to other typea |
of enorgy’ (eege heat) by the ronditions affecting the
primary release, Thus, if a micleus'fisclons there 18
suddenly a buge smmmt of elactromagnetic fleld ener-|l
gy velepged, somo of which is observed as gorma. Tey oy
md‘ some as the kinetlc energy of the emltted part-
1cless This energy is indicatedy én the basls of the |
Poynting+Polncar®, relationship, ad the di.fTarenco bow
twoen th@_mm of the fissioning nw_éji‘mm.m and tha mm
of the nhsses of the fissiowrproduct nuclel ‘and o'bhml

| |enlited particless S

i ‘What 18 even more“interesting is that the claggl |

I oal density of the luminkfarous ather, 163889« 100

g/’ oan divide 1 'Ule elastlg energy density
lof the ether, L.47280 »303L ‘args/am3, to glve tha
| oldstie etherie energy per gram. This quotient is !

i eanlly computed to be 8,98657 args/gn, which is none

- ekber then 32,‘ the electromagnetio masa-ersrgy equl-
' ivalent, Thus, tha inherent energy 1n a plece of mabe

Iter is showvm primarily to'bs the elasgtic energyiof
 the ethar which ¢an be releaed by the dislntegration
of that matter. The da&hmt;i;on follows from memll.la
o Diras from other mbnzﬁ.dmmmoﬁ‘:ﬁ@a“ wa.8 ﬂ,pm,mnwiy
il “l&mmg led’ to think along ‘tlm sanje 1ines when he eaild
18 1950 that, the structure of a ‘vampm' ls more ocome
1 plieatad tham vhat we 'have 'besn led to believe, and
that an ether 1 necsasary for electrmagnetic wave
propagation, Relativity theory had all along beem de-
nying %,n ether on the poor grounds of equating s nome j

' | temporary stage of Jimltatlon on meagurability with |

:nom@xti,st;ntlca. As stated before, the wery independ- |
1 ence of the veloalty of 1ighty of the speed of eitnar:
.. 1 bithe, obgerver or the source rendered it mova then - ry |
| §prlc.ﬂr.>ab;f..a that light, vhatever elen it might be, w =

vl motion in a medium. That mediim embéred tha o=

:,t"‘;‘*f?? agaln ~ as eleotrimagnetic waveg — in tha de - ?
tvabtion of the mags-energy relatlom.
[ | .
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to gtress that in the E = mec~ relation it is eleo- :
tromsgnetic energy that is basically and gpocifiicald -

eral magg-energy relation, indicated by the presence
' ifesting with wave motion.

. gpace!

" becange not arising out of the relativistic assunp-
" tiong at all),

elastic energy of “I;h.sd:i medium appeared as the basis
of the energy of that relation, It is important again .

1y involved.(All along had been kmown the more gen=

of the mass term in the expression for kinetic ener-)
gy, mv2/2,) The basis of the electromagnetic mass |
referred to by the Poynting-Poincard relation is
now meen to be the inertial mags of the medium, man—
In Chapter IV we shall
confront the difficulties facing relativity theory
in its 1lloglcal attempt to deny the existence of a
medimn for electromagnetic waves, while talking ab.
the same time of 'field! and of the'curvature of ‘
in which, absurdly enough, it was nothingness
that was supposed to be curved and have gtructuree
, ‘

* As regards E = me?, it is a historical fact that
its pseudoappearance in relativity theory (pseudo

diverted from Maxwellian elechtromag
netic theory where it belonged, - has held back a
great desl of prograss in physics, and gpecifically
constituted a block to the understanding of the
exact nature of electromagnetic mass and of the
fundamental details of the primary energy rolease
in atomic fissions Without such obstacles, we are
now in e position to understand why measurements
ghould show the increasme of electrumagnetlc mass
with velocitys -

Wo lknow from commtless experiments thal a mass A
of neutral atoms cannot disturb the ether. It is
only an excess of charge, jece charged particles or
\particles of charge, that can and does disturb the |
other without exchption, in the form of elactromag= ;-
netic wave effects. Since magnetic fields are ul-
timately the result of the motion of charged part~
icles, the foregoing statement includes the electro-.
magnetic effects(ises other disturbances) caused by |
magnetic fields. J . Y i

The eritlcal nature of the veloeity of light in
vacuo(leee in qth.er) with respect to the apparent

[ e
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; Aneraase i‘ﬁ'? Hm mags: of o r*hm pad pln"!ic’m with, "mm vy honest in a simole nanner Lt tmes ramlniscent of
A % TRRsing volocl Y is no different from the eritieal foaviside, be never indulges in mere notational sem-
|

i natura of ' tha wmva-apaad Ln fany madilm vith respect | *‘ ‘qn"]',ir“,, it gives onhe solld deductions from funda~
| to the lddloaity of n body i,mxmnmr thv{mph that, ! montals all the wny through. His remarkable theory
¥ I J} mpd‘hm and. Lo the attendant dynamical phenomena upon Pl (of electrons cnntﬂj,nn(l all of special relét;v:z.ty, 1o~
| inerease of thAt velocitys Every jeh pildt ia wll . | " (qwhnr' the mass-energy relations, and [p.50 opecite ]
| acquaintod, with the “mll of air! that tuilds up be | unmd stalably antlcxpatrad the Heisenber? principle.
| fore him'as hs approaches ' the speed of acund, the e

| wave velocity for tha madiim hare involvad - Mr,,‘"lf \[ Lo c

| )n hall in air anproachad the speed of fzmmﬂ, 14 wemdd] F | é‘
P beithe inertial mass of, the alr plling up in front of ;
! ‘,l ball on itg path that wontld make Lt goem to the ‘ i
f‘amm_] obgarver, that tha ball and 4.t galf increasad in o : o . |
t
|

)

;l {rmns, e nm it med nokr qunﬂm mrm‘& than tha pravi-
. jouk:forep. 'to drive Hm‘ ball on at/'its pravious geadsi | ‘
t |1 There is pothing sacred n,mm the lgpend i off 1ight any b ‘
mowL than thewre ig about the mmwtbmmmm Prov P ! v | v ITT
Jectilen in air have w&md far! bayond tha sonto bap-| ! | /1 T

;‘m ar and wa have sont pm"h iolag thiowgh wmbter and | GRAVITATION AND EIJ&CI‘RQIAGNETISM m. RELATIVITY

| ‘other media at veloelties pmn,téar' hmu bhat of 1lgbk ’ S THEORY
waves in these modis, , |/ , P ‘
ll T fact, thera 1as'n direct mv], in the 1ight of _ Ue have just seen how the very important Max - a
the foregoing diseussion, an immedi ately nf\dnvntmd ST wallion f‘f\h(f:pﬂ (made explicit notably by Abraham | i

and Peineard) of eléctromagnetic mementum and electro

| 17 able rolation betwesn the' Carenkov and tha Mach angley
magnelic wagse lead to the relation E = 02 vhich 1s

Thiy | "nafim* 15 referred to the Apmndﬁm f‘pr- th@ apprw

’“"MG i qmmainﬁ, : b 1 ' "1‘niﬁm*m; L in electromignetic thedry and which enters o
vanminﬁ pmﬂ 1y {rom’ ﬂm ncrptm ioh of’ tha Taw pdnto dho relativietic equations by an indirect route,
mnrknb e "plonnemurf worle of Jade Thomaon in the 18800% : qm ‘o independent of relativistic asmmpmons,cthra@L -
the disenssion of the mrmwinomnsa of an eleactron . the nee of an elsctromagnetic signal - lighle Close | 5
alal th kinetic energy oceutred: in, the firvgt expressions | axamination of Finstein's derivations shows how he
jioff Lorentz! electroni theqry , as early ng 1904 and bor b  {lunvittingly introduces the electromagnetic momentum
i fore. Indeed, the increase of o/m with v/e was flrst ; J n{ ﬂm gignal into the formilas. After that, of courss

| B = me? followad, but not ds a regult of rela.’civn.’cy,

formilatdd by Kaufmann and Abreham in 1901-04, As |
I'ag 1t was presentede

{mmnbz go honastly admd tlnd ("[’ha Theory of E 1hetrong

2nd eds,1915,p.192], hig tranaformations, unbolmownst IR (Noeely related to this topic is the increase of

; to him, ware anhmm ad in sibstance by the phy ki [ , | elactromagnetic mags (e.gs the mass of a charged par-
,m gt Voirrt. in 18287, The contribution of Lorentz! derw ' i ticle) at high velocity, known since the brillisant
livation of hia transformationd wme that he dld ¢ not | L rasenrcheg of Sir Jede Thomson in the 18801s. We have|,
by ma—m}x of any arbitrary porbnln toa, bub dich" mad ' ‘ugrerted in the' foregoing cha,pter(thﬁ reader ig al= !
l‘cheh byl dint of excellent analysls based on tho =t " | ao 'raferred to the Appendix, Cerenkov radiation)that
m"l data monmminr* Mequnq thRt - wnm kmowm, at the | the inoreagingly high resistance of a medium to pro=
{time. Haho Inmn’t? i8 n far "ma“ber '“’Lp’u:m than sve | lpotilen traveling with velocities approaching ths

11,}»3 degme oi‘ cnpm”ampﬁmm' m"ai &, shcma,, memmbm ‘ wnve gpesd for that medium. By direct imp]ieation,thei

et = et - — " | et v et e e

I | ‘ t




P w oo
20 1 b ‘ | vuwrmzv @ murlmry tHBoRY

[ et e

fnqb dpmvativa of he mediim'a resl c;i,ﬂ,m‘e as a i‘u:nm

o e e

<oy that 1s, R,/dv = 0 ‘pmist producd a value of
v=k, where k ;‘L Hence, the gf‘mphed function mast
be asome sort of ‘modd fiod algmoid enrves From empiri = ||
cal data obtai ned by Bairstow, Fowler, and Hartree in
1920 and Yy Cranz in 1925 {(v. ]?Jbliogrfaph‘y), g wall
ag from von Kémnén's and Moore's mathematical analy-
sls of medium-reslstance to the motion of projectilea
wo obtain 'a striking confimmation that the curve (re-
fs:i stancs as funcbion 6f an,nrlry) 18'of & ﬂjgmntd
\W‘pﬂ of ghapo, showing the raqulmrl pritical value of
velocity, after wm,ch rosiglance QBQ“LmﬁMﬁm Thisg ordy
ical velocity is of courge: p”mnmr than the wave vel-
ocity § {o‘r the medlmm. And the ratlo of the two might
well apply to other madia, than air by reagon of the
gimi.l mr"i't iy of the dynamic: sbmictura of the mxpnwirrimum
al situation, If ¢ }m*mmn a8 tha wave-gpeed for the
merhmn, wa obtain for the critieal ratie in air, N
i/ ™ 'h.?n Wo note alao thal,, the expresaion (L-b-%) |
vhere b is a eongtant, enters ad a crd tleal dlem c*,
criminant i von KéArmdn and Mowm s theory of mmij.qmw
resitance. (1932) ‘, ‘ , N

an ﬂ,ppnmnt inereass of the mass of the project Hm,
since the inertia of the medium, ag wall as ita yo -
sistance 'to shearing siuma%q are f Frxvnl"md., Bven wlth

q*pi“rv. the apparent {mné\ of a projectile can irmmam
to over 20 times its 'rest mass! because of the rem
ol gbance of the medium, in this'case, air. A meh
graaster factor n,ppl“lﬂq to tha ratdo of npmmnb to
rost mass' 14 the case of an airplane propeller in
motion, What complicates the mm,mx" gomewhat 1g that |
rmoh increages in affective mass on'Accoimt. of real
physieal caubes are combined wilth mmmwmmu?mdlw
tortion effecta of the Lorentsz l"yfre Af distance-tima
x?[*a'bim are ugsed to memsure: mamn by neay of aceelersliay

! W' con ensily pm?n thd s f’vgjm lh’n‘ fundamental ‘
Newtonian eguation Wn P65 s, vheore' g is di - o
and t, Hma, Since im optical #1lugions of the 1. ~ |
%ﬂfz tl%m in the measuring, ni{,}mﬂm wn have a di oy
on o dBGI‘B&&@d length memwmmﬂnm and fncreas
: o - . e e g !

i o \
. ‘ i ‘ (Y

'Hmn of ' the p:r*o;ertﬂe]s velocity must have a ma:x:imum "

i
Vo
(o
|
l

| 'One of the effavts of such res gtance is, of cowm ,

ordinary artid Lary poaseaaing conaiderable mzxle vale | |
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]

| medium(the signal speed in'the Lorentz effect) is im-

1 tionss Iikowise for the bending of the path of light

1

2

| other actual - are' entirely dlstinc't, though they
| have been extremely and almost inextricably confused
| in exigting relativistic interpretation, - the first

'not realized at all,

| of gravitation in relativity theory. For general rel-
| ativity states that measured time intervals (i.ee by
| light aignals) are subject to an increase which in =
| volves not only the usual Lorentz effect, but also

| ent from any other mass, and there is no reason to

broduction of electromagnetic mass dinto the relatiwe

meagurenents of time intervals' due ‘co finite ‘signal |
speed as before shoxm, it is evident that any mass
measured in such a manner would, show a purely fio~

titious increase in addition to 'the actual ei‘fectlve '
anreaue due to medium=resistances It -ds entirely a
fortuitous occurrence that a function of the squane
of the ratio of ths projectile speed to the wmve vel~|
ocity of the medium should be included in the mathe—-

matical expressions for both thess types of effects !
The reason for its double presence is that in both

effects, for very different reasons, the relation of
the speed through the medium to the wave speed in the

portant, The two effec’cs ~ one fictitious and the

not being realized for wvhat it was, and the second

" The preceding dis scugsion of certain mg.mfice.nt
congiderations regarding electromagnetic mass forms
the necegsary pmlude to a discussion of the place

the Newtonian gravitational potential m/r. This is
no more than saying that the speed of light becomes
leas in a gravitational field, thus producing a red
shift (the so~called Einstein shift effeet) But any
wave motion In any material medium would become de-
celerated in an intense gravitational field on solely]
Newtonien principles. As we have seen, electromag-
netic mags possesses inertial proper'ties, no differ-

oxelude it from gravitational actioms Thus, the in-

istic equations led directly to the result that light
would glow down in a gravitational field, and this
quite independemt of any of the relativistic assump-

in a gravitational field, though here we have a re=—
Iractive effect also, due to a variatiom in mediwm-

—

density, beoause of the gravitational fields
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Tye 'nhr'mﬁuvhnn o,{l' % e olwr"“r&*'mm*‘mtir' mogs, a8

Lho essentinl element in all thebe effects, 1& hid- o
Jan and masked to a ’;‘r roat oxbent by Eingtoinfe Hapile|: o
Jbonian’ ‘WWWO'\"h and tonsor nobation, aficl, ag gaid C

* *orn fean belused to concaal as wall o %o roveal.
f\*‘ uged in 'Mah vity [ilxrvwr'v, the oo vmum ths have A11
[t ina Lietit mLm nmh oabion

He mﬁrm rogul "ok nH!y
of n})mmmmm(\n th no added f‘nudmvmm'ﬂ ph y:ﬂ ¢l eope !
popt Or dinaight) z‘mrL/ur in an ambipguity leme bhgeful
than the original uncongloneraied Tplnaeical! pagulle
IThis ds partl e ladly drue in the atbempt to combine i
in n wwﬂ" Tormnl mmmm' the reosults of electromsg-
netic and gravitat ional Lh 0LV e withoul any new
mmnntal physieal insightb ‘l“m"t would actually unify
them. That ing pht, 1% id now mummm s OF COUL ”qy | v
in the (h rection of a nml um .f.(_)!.“ﬂ)‘.}.‘{?(‘fWJJ'M{’T"F)tJ.C' aned
,P::c‘aut,_‘{,niy,wna.__ wwes (a c:hrm e oin ore ation is pr.mw‘;
mihicatad with the gpzed hmtﬂ ~ a direction and | :
insi rgxb ontirely 1ncic. ng, i ruiwtjm iy theorys which

of the'theory's ad Log, and: |

Thck has ceensioned niich
procrusbean nairo, :m«l the aljnludlwl 0 gd abgurdy
lﬂss p WABOS T 1

of thb 410('q:m"t of using Hm *m\mm

Fpit]

ui'

Ml‘l\ Iyjou

| ferring to a mnvn.lm"rﬁ or wlqw rur‘tﬁme of r{opnmlj
P ically “nésertod 'emth [ The 'cuvvamu‘e‘ of

v_)})‘l(:(? [
Hintowdrian apaco~time (v !Xpnehd}x, ,}1@11) ig a hovso
i of diothor colors This,

| df;{mgwmm phrase can mean any b

1 adcelorated notion at all, or any motion Lucmﬁ ] Mvw

f ed path in three dimonsions, ) i'uﬂ, 117, tho hmnilbnmw; .
;1 bm treatrent of (ravitabtion, vi via Bulerts theorém of | !
-
|
|
{
!

1736, that when no fmm ach upon a }MI“L!G o Aks mo-|
tion is . a r'm\r’o de, = such treatuent by 1o moans e !
1iminates forces as physical wn.l LU.rmw ag go oftten
and em*onatmﬂy atated, First, tho geodesic is
L aled at consthnt velocity, the initiation of
mrmmd forees of acceleration. Second, the geodose
L des of relativivy are Lm‘ ambiruous geodegics qf the
| Pictitious M m‘rm: kl'ﬁl conti, mzmh,’ with the coordin
iCu ‘mn“! t“ mrw'hwn e n»ra,r*n iomml, m'mmﬂlﬂ*w*wn to an- |
mmmmm ‘\,mv ® g hoe condi-
mémns va old and wl | |

')f locx st ackion, poer e grbe |

Lions 'x, "m@dnm.f" rhnv
kmovm Thmtlurwnm,n twm

2
.

Teagk in it abe |

1y trme. ‘and not re! ab;vu tie Im the | ea% fn it e f
gumptiong, T ha sphere of 1ell iLv*L v QLU’ ge ds ro ide |f
| l;' :*m"in« JJJ.,E{ to moaam okubntw«mnu.)) Llor «ml;y@ o k)
i
N
i

and that the second way was thmugh the rociprocal

Initions do not differ at ally much less "fundamental=-

| periments
* iome, or any other kind of force, to produce acceler

FVALUATION OF PI‘I,A?(VII'Y THIORY

A word nov as to the relativistic- pm.nclple of
s aquivalences In " The Meaning of Relativity'' pe56,Eind
stein writes: " The ratio of the masses of two bodies
‘is defined in mechanics in two ways which differ from
each other fundamentallys in the first place, as the
reciprocal ratio of the accelerations which the same 1
motional force imparts to them(inert mass), and in the
second place, as the mbio of the forces which act an
them in the same gra.vi“bational i‘ield(gravi‘bational mass)

¥

Both the idea and the manner of expression arv de-| .
rived from Mach!s Hechanik(cited in saction E,ChlI),
but the thought i8 very confuseds First-of all, the -
two ways do not *differ from each other ﬁmdmnenta]l;g
If Eingtein had written that the first way, K of defin-
ing mass experimentally was through the™ reciproeal
acceleration impartkd to a'body by forces of impact,

‘accesloration imparted by forces' of gravitation, there
would have been no problem (again, a purely semantic
one ), for it would' vanish im the fa,ce of the simple
fa.ot that the same acceleration, no matter how pro-
duced, is the samne physical phenomenon. The two defi-

1*.5" Since they do not, it is obvious that experiments
using gravitation to produce the acceleration of a
body must yield the same meagsurement for mass as ex=
u.,ln(r impact, magnetic’ force, electrostatic |

ation in the body. If the last two types of forces
were ugsed, naturally corrections because of Lenz' law
milght have 9 be applied, depending on the experiments
al conditions, but the principle of measuring mass by
‘means of a produced a.cceleratlon(however produced) re-
maing oxactly the same. Mggg = Fo;gg/

i bhe only principle nesded to demonstrate the necso~
 sary equivalence of 'pravitational' and 'inertiall't
‘mags. Any experiments Teonfirming the equivalence of !
“the two were misconceived and completely uncalled for,
as there wuas nothing to confirm but what the ‘ordinary .
‘Hewtonian mechanics had already confirmed long sincee

' lowever, that equivalence does pot mean (as it has
‘haen mi.. ,w"\d to moan) that every accelerated body may

13'

‘hence ’% %Qn%emd to be in a gravn.tatlonal i‘J.eld,for“
& pravital ileli must bend g ray of lit,ht and do
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j,’;‘ne compags pemUe and the plth ball were at regh

|
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rvumurw Ot r*‘z:uuvrn'
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‘mmmf other, ‘mmwn whi.ch hy no moans can ocour if the

cemisa of tho aceeleration wasg mmpln Impachs '[‘hr-s gt |
rfvhv'ﬂnnvn of two effscts by no Innmm aagorts the o
rﬁu:wa?rmm of their causes, for the same effect'may’
be producad in several ways. The very principle of
mﬂatnmiv 1taelf is rjhﬂnienh logi nnily for naglaﬂlm
dnr thig sound qxpovimental nmnm[plra over and over
agrin(see also Appendix to Ch,IT)i In the cams of the |
anmpkw of equivallence', first a false dichotomy
vas' o 'ﬂnd whare none exi. ﬂl,m‘l(qﬂnmmlo fallazy) and
hen correct pri nmph of equivalence of effect was
mi sapplied ’m mrmn nqm VaJ ence of musﬂ(mgﬁ eel fal~

1acy)s

THEORY
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Another cnse nf‘ fmnhlminql gemahtics 1a ‘b‘.héa m’_‘mm‘
tivigtic sbatement that electromametic effects are
due 'mnm]v' to 'relative moti nn',’ vhich is sometimes’
even more confusedly stated as 'tha relativity of mo-
tion's Ve shall 'dispees of thig mhtter briefly, for it
is tr*iviml, But just bocause they are trivisl it is
mnpor't:um that gophi. sﬁrmq bd not allowed to be eone
l'mdﬂmq 48 otherwlise in seientifib dnguirys If any ooty
isfider that it might be unfair o conclude that sophe
ligbry was at work in these instances, then let him,
Twtier consider that the only alternativa to soph- |

igtry in these ingtencds would have had o be extreme |
}xmtvew The choice is horewith Jof“b quite open,

! Ever slnce Arago! q"diqmver in 1824 of the dsmp-
ing effect of a copper plate on the vibrations of a
compags neadle, 1t wma steadily realized that far
more than the mere relative mo tion of the two bodida
vas at wobk. to pTY)(iU.f‘f? such offacts, 1f a chargad pith
hrﬂ]_ and a compass needle are placed both in the aoma,
cardbohrd box the naedle shows no deflsctions Put if
|th@ boxita moved (either uniformly or not) the needle
will he defelacted according to the magnetic field
generated around the moving cbfar{mm In bdth 17’\9&;%%{;
re ]l
‘ative to each of herg },mt obwiougly not at reat %o the
medium which tmvmm!hs elevtrmmgmet'_o meﬂm The ']
mve]mmﬂum, ncmrrinmnﬂy ovel’"”l ooked by relativit. .ls
Qaf"ﬁn the orux of the mntber, Another consequence »f
this point, one devolving upon elagtic hysterest .
A1l be.‘mn’rioned at the clo:»e of the naxt chapbe .
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,_rﬂatwﬂv theory can, perhaps be rost appropriately

 tion of a theory must be based in the last analysls.
"It is the rationale rather than the costume of a the-

ASSEMBLED _CONCLUSIONS

A gimple though basic. critleal-methodological
prineiple emerging out of the: foregoing analyses of

stated firsts Nanely, that slhce tlie concepts and

assumptions of a theory underlie and determine its
nathematical expression, it is upon a scrutiny of
the nature and the degree of clarity of these founda=
tional concepts that any dlscussion or true evalua-

ory which must be carefully exsmined, and vhich will
{finally be used in the ilrresistable judgment of his~
1011/', quite irrespective of the merely notational as=
lpects of the matier, whether these be gimple or cams

plex,

Spacifically, the following concluaons have been
reachedt ‘
1. Measured length and time intervals, using sige
nals of finite specd with vhich to measure, vould.ne-
ccecsarily and quite clearly have to vary with the mu~
tual velcelty of observed and observor, It is the fi-
nite speed of the signal used for measuring that i-
the ultimate couse of such distortion effects, as is
easily seen and as may be ‘easily demonstrateds
Using a light signal, relativity theory is
quite incorrect to interpret such effects as anything
olse but an opliecal: Jﬁuuulon for which it can provide
pI’OC:L s corrections. The sphere of competency of bona-
fide relativity theory is ‘1imited to such correctionss
Such effects are due to errors induced by a
node of measurement and have nothing whatsoever to do

vith the nature-of]space and time as such, as has
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been sp ’uﬁfmk b Ix; anld widely mis s shated, eveh in |
original sovrees, I nOT"i'] ‘be substituted for light
slgnals this bagic point abi the Loventz effects
is'easily apprehendeds A slovar &ignal magnifies Lor-
entz of f m't;s, a: faster signal mdu.r*ea their magnihu}m

i

2e Im*emvm* it maly wilt] mnt mlc‘) be shovm[v. ‘pr |
pnnrhx to L,hn”j that there neverwas any ﬂnhmw#nh
dbgtacle to the kmdwledge of the individual vechor -
contributions of  two or more bodies in uniform mo -
tion with respect to each other,'but. only difficule
tieg m'h,\mp, from precedural and’ a1l mient deficidn-
eles, or lack bf nxpmnmbnt,al mpnnmi‘ym Rolativity
theory haq bean notoriously and pessimis tmm"l*ly ready
tol enlbgi. 70 sueh purely hnH\rozwmarlwm1Lx(, failings Lo
to alleged 'miverasal ifacts' of natures and to O
fuse axperimentinl appearance with physieal reality,

10?1 ms a Tpreen' desert scout would fecopt a mirage
ki fado va]nm N ¥ P . |
| o Lo ! :

3. Bven when mmkmchnr} Wi Mmh 1té ovm sphere ofl
compotgncy, that of moagnrement “i]JLtﬂHﬂW, relativ-
Ity t}mnwy' ng hitherto presented is incorrect on its
own femv, for'its serious neglect to specify that
the signal spaed wuged in bhe Lm’enfz aquations is
Hnn‘b ixwaﬁfmf it mist bo taken as the spead of the
i omnl ﬂn w}mlevm*'memmn {ov todiumg) the messuring

‘ .
i dmm, as in. VAU, n‘u',, mtnr, etca ’I‘}n

tmp’l et |

mhﬂ‘r’nr‘e uprm 3 {.ﬁ proc’i,n ona Fxpemmnnts mwﬁ‘dd on
upderwater would ba 25% in error 1f the ordin ary | Loy
entz hmmformntwmq pv‘osonmﬂ by Einstein were useda
This aspect of the mather again points up ’Hm‘ oyl
fieinl antd 117 0Ty nat of the Loventz effects,so
. mntnmmﬂ ed, Wy relativity theony. P
O i ‘
" e Einstain"s m*!Hmrhmre atrained dictum that
th € 'edvariance of general relativity 1‘;‘}1001”‘/“‘ Moake o
nmy J"mm‘ space’ and time the last vor mant of objec- |
m\mt,y "[Anna; ey vole4d9] ig seen not only
to ba unimmdad with' reference to its own premises |

D

in fact] tut to rest on A basic mis r‘dmnwhens,x‘.m4
the meaning of the Loventz tranef omations in the

4

pet'Lmenm,l m tmm on,,tm pUL jL vozy mildlys 4
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- er then his definition of mass vla produced accelera-

‘electromagnetic theory from congideratlions of electro
magnetd.c mass and momentum (as also does the radla~

'to ite derivations. This wag comparatively easy to
| do since 1t had chosen to begin with an electromag~

|
5. The sgo-called 'principle of equivalence' of
inertial and gravitational mass (one might as well
add cohegionally, adhesionally, electrostatically, or
magnetically,etcs, accelerated mass too) is vholly
inherent in ‘Newton, and requires no assumptions othe

tion,vize m = F/a , vhere F may be any type of ac- | |
celerating force, and g 1s the acceleration producedy|
whether F was gravitational force, impact, or any
other kind of i‘qrce :aci‘;ing;to a.“ccelerate the mass m.

6, E =me? arlees difect]y out of Maxwellls

tion presgure predicted by Maxwell), and specifical~-
1y from the relation between Poynting's and PoincardH
vectors. The expression enters into the reldtivity
equatdlons simply because the slgnal there used, i.e.
Jirfht, 18 an electromagnetic wave. ‘
It twms out that the energy inherent in mass

18 the elagtlic energy of the elechtromagnetic vmve~me-
dium the achtlvation of vhich s mass may seffect in
various ways. This elastic energy per gram (Leee E/m)
is'found to be mmerica.l]y equal to ¢?, thus again

rosulting in E = me? by another’ deriv:ation,bo'th der-
lvations quite independent ' of the relativistic as-
aumptiong. Relativity theory obtalng the result by
surreptitiously Introducing electromagnetlic mass 1n—

netic aj.gxmi lights

7» Similarly, it 1is electromag:aetic mass and mo-
mentum, and not relativity theory, that explain why
the, path of 1ight should bend or its spaed decrease
in a gravitational field. Again the electromagnetic
mags 13 Introduced in a masgked manner into the rela-
tivigtic derivations, the results obtained stemming
directly out of that aircumstance alone, and not.
from any relativistic assumptions as claimeds

8, The mensured mess-increase of a charged partidd
L gl v e!ociues is (asida from the contribu’cionof
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| Lorentz offnots) is the f‘ami:].‘:i.z}a.r great apparent ihm

| mentim, the independence of the wveloeity of light of

‘ Ba.?li_‘}_ the difficulties into which relativity, theory

i
'

- state of elechrioal neutrality (and even then if its
 Atoms are magmetieally alipned) 1la constant]

| dum for thelr transiissions In any event 1t 1 gate

t

! ! , ‘ ‘
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crease in mass of a body moving through a mediym at
speads approaching the wave-gpeed for that medium,
guch effectd baing'a combination of head pressuve of
the medium, piling up in firomb and the viseosity of |
"the medium. Ience, AE£ chargsd partlcles traveled at
a speed greater than that of light there should be

angle. An analysis of Carenkov radiation acfually de-
monstrates thig to be the case(see Appendix)e

q

. | - | R . . . ; .
I ‘Q”w The ireality of electromagnetic mass and mom

the welopity of either sourceé or obgervery the appar-)
ent massinereases of ‘charged particles approaching
the wave velocity for the medium, the Cerenkov ar
ghockmwaye effects at and {Jeyrmd. thae barrler, and
last but by no menns léagh, the demongtrated ganem:;g
tion, reception mmd h‘s‘;:i. shepce* of electromagnetic nn
ghravitational wnmvesdidturbances, all divectly and
uequivocally shou the exigtorice of the wavormedimme ||
" -Agide from certdin essentimlly trivial komantle
gophlstriens, tha nature of which is purely verbaly

4
falls are dus %o its complete: overlooking of, and inm
deed arbitrary denial of,(whille it made use of eled~ |
tromagnetibimass to 1te own advanbase ) the substan~ |
tial ‘medium for, eleotromagnetic mve~propagations. We
add ihare pm.“mrt,.}get;ipdll;‘y‘" that even within its owm

proper derdvation, from Magwalllan electromagnetic -
“ ‘bheéry) the relation E= mc* says that mass 1g energy |
no more nor leag than one could say that a plece of |
'conl 1g the energy. of the heat and 1light procduced by
ite turnings -Even ithe 'pre-electromagnetic aquation
for energy, B = mv?‘/?.,_ thlma;}sraato L] _'_mmnmxm
noygy gyt ey nrendver aisspogted nifethyy ©

‘ satting
~up elaetronagnetic waves ag 1t moves through the me-

ting up gravitational waves in so movings

: 11s In any manifold with physical eharatte: ctics ,
1. to ggiak .of‘ gtrueture without' gubstance is a: b=
surdltys ieee a oontradidtion in} berms. . ]
. G | e -
|

shock wave effects, and something comparable to Mach |,

‘]
! I o [
. k

F

[

i Lave been 8o mlsleadingly included as relativity the-
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Also, in any such manifold, curvature is neither{

| préducible, maintainable sNOr variable without forces
- (vhether acting singularly, or quasi-~contimiously by
. belng distributed through a medium)j and this - as
one proof among several = by reagon of the connection
betwaen foroe(via accaleration) with the 2nd deriva-
tive of a funchion, and of curvabture with the same
| derivatives Thus even uniform motion isg physically
dmposgible without originally initiating forces.
-, 12+ The unity of gravitation and electromagnetism|
is not demonstrated by notational treatment of the |
‘gravitational field so as to present it as a formal
mathematlcal analogy to Maxwell's electromagnetiec
fields First of all, such presentation has nothing |
to do with relativity per ge, and besldes the analo—
gy vas long since(in 1893% asploited for all it was
worth by Oliver Heaviside{'Blectromagnetic Theorg't !
}VolsI, CheIV]e Indead, Heaviside's exploitation of !

the analogy possesses more value for physalcal ‘sciancef ‘

than Eingtein's in that Heavialde was admlrably aware |
jof the fomalistic blind alleys which later were to |
tentrap relativity thedry, For he warned [Preface,Vol,
I, onegite)a gainst Yoo easily being satisfied with
an indlseriminate use of field or "potential func -
tions, which are such powerful alds to obscuring and
complicating the mibject, and hiding from view useful
and sometlmes important relationse! ' And the same may |
be applled likewise to invariant theory in physios,
;ﬂm it atbempts to set 1tself up as genuine explane-

ion, ‘

Hoaviside was on the right track. For the ity
of electromagnetisn and gravitation 1s a physical cne,
and conslsts in the fact that the same medium trans- |
Hmlts the disturbanoces ‘regpongible for both kinds of
‘gefi‘ec'l;a. The true angwer is elegantly aimple.

' | i
.13 The various commological spéculations which

i

pry have nothing to do with relativistie assumptions
a8 guch, Thus, to take one fundamental example, the
Rlemannian or positive curvature of 'space! is silmply
a dlrect consequence of the shape of the lines of .
force in the Newtonlan gravitatlonal field, with re~"-

grect to the center of mass of the universe., The by
lCSM‘*«bﬂ@@d-Lm‘is ‘again the real quostioma Py i

i
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. Thero | M a wral w0 nmwﬂnpplor vm%»mﬂb ]
‘obasryad in tho light from \TJI‘” distant nebulae,’ nnd
proportional ‘m the diasthnea, Dacause of the mh«m«
ent wanknnsses and ! mmﬂ feability of It asmmptions
when extendad beyond thair very limited sphere of ‘

Il lustrated 4n Lhe Loventn affectks),
ory wag Cbread to n whﬂ 1xlrf11 rm,(U rm o axbroma &
l%mrm!tmn on Lopgic ﬂm:l m"nr}ulu.y hy the - imp!n fact
iof the nelmlar rodeahilfh, Tt wms farced to wl’!ﬂﬂ.l mff.
| an_oxpanding unlvarsg, at the ontpoghs of whiech '
,r'ﬁbulnn,‘ for no good or apparent dgnamle | W‘nmn Ware
[rushdng apart’ from n'wH other at 1,3pezerarjn ampp'r'n-ar» ﬂmz
that of Jirht, ‘ |
wh Apaln, the rwrmv?hnklnrr of, the ﬂwninzﬂ madiym
| oy \rrWO""mﬂn'ﬂ‘li'lmﬁn i# at the voob of tha troubla.
‘1 For +he nobuiar rode: shift, vhen the niadiim of 'the
! ieht wovaes ia balen ]mh m~r'mmi,, bacemieg aimply the
i st,zmvh*fommrﬂ q‘f‘t@%h of elastio hyqlnmq}xm
. lf !

,,{"i‘vvmmmm'um vnves are bBased upon somo ||

b od by (!m all waves must he) then thare
ls rﬂn"ﬂv }‘ffztmm'xim vhereby 10 tho eneavgy of dig-
pmcement iis B aqQ and tho enerfy of recovary ia LW
ﬁ;‘nan By > E_ by an smount depending ppon the alastic
)nmwim\h” involvoeda '_Hj, ig ‘W)M”h noinwrt hat theosa
constant g gt involve the wigdoaity of the mediim,

f m'r"mimrt v algo of aribieal inportance in shock-~wmve
phnnommm., It da q]ﬂn vorth neting + hat elagstic hy atmd
GH‘EH"’H of a modﬂﬂn, othar thingg being eqal sarvps

qmr» may be exprossed by a partial differentinl A cnm|
tiond In elastic hysteresig wa hava a. domped oscilla-
tidn of al sp cons Lant) *,r"dmrmdlnp' frocquenay. It 1g

Imown that 1a'75 /IOQ Light~yoarts ig the eritical dis-
tance for 1ipht. mn?e tho mm:r"{w of the avora{fe 11t
‘r"W“ = Oh x Loe15 arpa, w*mm h'is Planclk! # congbent,
wa £ind Bhnt, the }wmemqj loas, on the average, for
V‘imblq 1ight 1o only e/l X1 ]U’"ﬁﬁ nmﬁs par ome of

Yo h‘éwe], '[ ha m«wrmmly ow £ e anrees mv';

pall with & tha immenge olastic energy of tho wmve o~

!
g

diame Tt nl g0 agress mth the, approximata Fawi v
e may \Mi te ne H» = HatMy , vhoere 1 ahd M are he
J}wstam N rm'l the, nlm ic- mg hﬂus, the "uvervriy e

to moamire tm vigcoglty of Hm medirm. Un 5 rolationt

!

-

vmnn%nm‘y(tmh of menstramont (i1 luslond of tha gert
ralakivity tho-
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noting two different substancess

There 18 now an even greater significance in

the critlcal value 1,75 x 109 ught—ycars, for ther-
odynamically it relates to a state of 1007 entropy
with respect to a disturbance of the electromagnetic .
wave-modiume Since the same medium is involved, as
before observed, tHis result applles also to gravita=-
“tilonal disturbances of the medium, as well as to the
pogaible (and with high speed particle—particle col-
lisions, very proba,ble) longitudinal disturbances
‘therein.

Since neither electromagnetic nor gravitational
disturbances could go beyond that distance(1.75 *x107
1ipht~years), then neither could the changes which
must be sustained by such wmves, and hence all com
ymindeation of physical effects from one; part of the
universe to another must cease after that dlstance,
Cineluding gravitational effects directed from the
center of mass of the phyalcal universe, Thus the
upper limit of the diameter of the material Universe
is placed at 3e5 % 109 light~yearse .

16+ Tho misconceptions regmng relativ:,w the-
ory, ovident in even technical treatises of the last
few years, have not been lessened or mitligated by
the often over-dressed and overwrought semantics,
both verbal and mathematical, in which the theory
has all=too-{requently been presented from its very
moept,lon., That presentation actually worked to ob- .
goure what was useful in the theory and to furnish a
migleading impression of its nature and scopeywhich
in actnality is seen to'be quite. circumscribed when
a correct analyslis of the physical meaning of the
Lorentz effects is carried oute
| In addition, there was found to oxigt a desp~
t panted Iack of wilfomity of bagls in the theory, a
great many of its olaimed results having nothing to
do with the relativistic asmmptions, but arising
from the astual introduction of electromagnstic
mass and momentum in tho derivations, the claimed re—
mlta thus springing directly from Maxwell's electro~
‘magnetic theory based on, strosses and strains in a
wave-nodium, Indeed the prmen experimental exisgt-

ence of thoe profoundly impérta.n’b concept of electro-]
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fome oo e s

mnpnetlc mAss “and mamentiny djreofT ‘xnvnIVGq “thel fn -
mﬁinof e very vnve-moedium wﬂﬂivﬁg'tmowraMm ‘
tamptm‘i b deny, and had to deny in order to retain |
any conaistoncy, with ibs ovn agsumptions. Conso qnenbw
1y, i thoge assumptions £ail with tho failure of ‘that
denials What further confused the anrepiitioﬂq in =
troductioh of‘ olo&trowmmm‘ib momontim and mags into
the deriyationg of :coht, ivity Lneory" wag the fact thal
the neasuring s w”mL it mnplbyed wa a form of elec
tromnanetlc‘enorvvg o \ ‘ S ‘
oy ! | o ‘

It 48 nod, Ai{fienit ’m 00 thm ‘sich a gitiation
ag described in thoso rTYthnn concliiglons demands | a
searching and ﬁmdnmant*ﬂ clarifichtion, leading)to
the! est aived and wambi.gu-

Lablishrent of r‘MBn_T'lv cones
ously gbnated inlerpretationsg and fundamental ' prinadpkd
The preceding pages provide an introduction to * that
tasks An «mtjml nau wrwh, ag the foreg oinp chapters
have uupvdstﬂd‘in retwll,ﬁquL have to‘be Lakenﬂ

| Rn]ahvi‘.,y Hmmv as pmsnnbed to date Ims been
mi aleadi, ng to ‘the extent that it has been serl mm,l.y'
| confumed, ! Lo ;o ! ! |
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APPENDIX

Oy Cerenkov Radiation

. In 1934 PeA,Cerenkov, bombarding non-fluorescent,
non-radioactive licuids and solids with beams of
Compton-effect and beta-ray electrons, reported the
production of a viaible radiation when the electrons
traveled through the various media at velocities
greater than that of light in those medide
. He proved thatlthe radiation was not fluores - |
tence, that it was not emitted spherically, but coni-
cally, and that its intengity depended only upon the
index of refraction of the medium. Three years later,
X oFrank and I.Tamm were able to show that such radia-|
tion was a congequence of Maxwell's electromagnotic
eruations and that the semi~vertex angle of the Cor-
enkov-cone could be calculated from the velocity of
tha slectrons and the refractive index of the nedium.
A new physical process for producing radiation had
been discovered, and a new physical effect as well.
‘ If we call rthe semimvnrtex angle of the cone (the
axig of which is the electron's path, the bage being.
direoted Iin the game way as ‘the motlon ‘of the elec -
tron) C, for Cerenkov angle, then Frank and Tam
Lowed tha;

cos ¢ -c/vn

vwhere n is the reiract1va Jndex 1nvolved, ¢ is the
welocity of light in v cuo, and ¥ (>d) is the veloo-
ity of the electron, :

However, this Lmnortant formula is not as reveal-
ing as it can be made by a simple transformation, as
folloyss Letting ¢! be the' spaed of 1lght in a medium
of refractive index n, we have n = c¢/c!, whers g is !
ag bafore the speed of light in: .yacuo. Substlﬁutlng i
for n in Frank and Tarm!s fonmula, WG obtain the more.
analytlcally uuaful equatlon ‘

cog G = '/v

O
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| of light in the meditm and the greator speed of the
‘ e‘lec:froﬁ in the medium. Put it ig thils identical ratio
of phygicdl quantities that can furnish’'us the . pgener-|.

{ kov radiation had to be ingluded in the mathematical

fg‘hnoe of the radicall V1-v</ ¢ in the speclal Lor atz
ftransformations ¥ Eipsgtein's nhive acceptance's tha)

L
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It is now immediately apparent that the' cosine of the
Cerenicov' angle is simply the ratio between the speed

, alizad Mach angle (hore called'M) in the case, of soumd

i | '

‘Tie ha'v‘ca‘ ain M= div | | |
whare. v 1 g the supersonic "ﬂndd of a body tbrough’ n
medium, and g''is the spoed of gound in that mediume
If s'=g, tho speod of sdund;in air, wo obbtain the
ofdinary Mach angle nsithe arce-sine s/v. Hence, we
sea that thd cosine of the Ceyenkov angle is obhtalnad
from the game sort of physaleal relationshipd used o
determine the sing bf the Mach angle. The complement-
| avy natuye of the two angles arises from the fact the
JTongitudinal 1mvas(asg. sound) are pmpn;m#ed a.].l_ong the
‘dirr"aéhioh of loxcitgdion, while ‘transvorse wives (osf.
1ight) are propagateld at 90° to the direction of ex- !
¢itatibne. The Cerenkev.angle is thus soen to be the
physical equivalent of 'the Madh angle when siperlumenr
al instead of supersonic #pepds are attainede The im-
portance of this finding is that it brings to bear a

i

ical mediwm propagating electromagnetic waves. Cerenr|

| |y - | I - -
consequences of Maxwsll'a theory, as Haxwell'a baalc

. . ! t .
assumptions were stressed and straing in the medium, |

il new seen to be every physlieal reason to believe
that particeplés cani travel at spoeds >g, the apparent
mass decreasing after v/c rep,c,:}ied about 1,25, jas pre#i
viously! calenlated, w(p..QQ:,gt,_l_g};g,‘) . |

In the'light of the present discussion and those |
in Chapters II and IV, one is in a position to per ~
calve the obvioummesas of the extreme superficiality |
;‘of Fingtein's statement [n The Meaning of RelativitypM -
11953, 'pp38]s " That material velocities excesding thel

f"l ) J o i ]
of Jipht dre not posgible, follows from Lhe appaar—

Lorantz op‘ti_eaﬁl 11lusion arlsing simply from ‘
mea suwing ai‘:mm'tio‘x‘x employed, dis only too appar le,

. - - Lo

i P JJ

particularly tangible experimental prove of the phyei

Cerenkov conas are shock-wave cones. Horeover, there | |
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'|The ladk of progress engendered by misconceptions is

In addition, as we showed on page 13, the "c' in the
Lorentz transformations must be taken as the gpeed of
1ight in the medium in which the measuring is done,
and cannot at all be restricted to the speed of light
in vacuo, Thus, on this second count, Einstein's state
ment is completely disqualified by the experimental
proof of particle speeds greater then the speed of
1ight in the same medium. His fallure to grasp the
hyslcal significance of the Lorentz transformations
g thus confilrmed by the fact that such particle speeds
wore known at least since the early 1930's, widle his |
gtatement, above cquoted, wag made in 1953, We haveno
interestaother than service to historical and sclentd
fic truth, and the rectification of gross misooncep~
tiong, in thus petting down these impartial facts,
painfil. though we realize they may be in some quarterd

yich more painful, especially when such misconceptions
are volced as dogmasy and sst up to be what they arendy

gl to IT

We shall first exmhine the fallacy of equating
A.££10ult measurability (or non-measurability under
certain impossd conditions) with nom-existences This
18 very relevant as it 1s the underlying fallacy of
the relativistic assumptions in generals ‘

Ag ve have ghated it, the reason, for the fallacy |
is apparent. We have now to clte examples. We ghall
‘see that very real #nd effective physlcal differences
are under the realtivistic assumptions ¢ited as elth=
oy immaterial or non-exlistent, both eonclusions being
aqually falege. - ‘ : I ‘

Lot us first conglder the case of two bodles in
und form motion with respect to each other, say at 900
mph. Furthermore, let these two bodies be rocket shipg
at great distences from any gravitational masses whaty
soever, and let ome rocket be traveling at 900 mph
while the motors of the second ship are entirely shuk
off. An observer in the instrument room of the second|
ship, observing the first ghip through a win@ow,cm:ld;
obvioualy tell from a glance at his own instmment |
panel and at the light from the first rocket's ex~ =~ /

haust

that 1t was the first shlp that was moving and| - -
fdng the tolal vector to the mutual velocdtys| -
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Tha mitual, veloaity will agdin: bn 200 mph, ag in bthe

]f‘ ndm he gt m'fppl the mot,nrqu‘ hin own ship(the
gpc-omi) nttaining n gteady speéd of 500 mph, he wouid
hon! wnow bhm he wmlg ooni*rleHzigf bhat meh, and the
mrtual 'veldelty of the £ bodiés would now be AV SR
mph, Now let the fipgt ehip, pmviém.slv traveling |
at 900 mph, attain another atéady spbed at 1400 mph,

boginnings ‘The relativist would eay that since qmvm
thing other than ‘rel ative mnﬂinn‘ 1s not demonstrably
LOr moasura ble, that the first and last condition of

' the fwo ‘ships art exactly the smme physical phenomeny-
'“m " okﬂnouql,y wmtrud a.nd ubfsﬂmd in the light of this
examplos w P

| Since ona mephitm sarves Lo xweﬂh'r“ow d’wma‘ww&“
al proposition, the (%)y}mutlmi that the jnrﬂvirhm
vector gontritution in the mabual uniform motion of
Hwo or mom bodles damnolb be ageerbthined and doas
i not evtq for, phv akegy ig horeby, not only disproved,
lmt ;bmm to. reast on nothing mowre ‘aubstantial than )
h]n("‘ of mqmrimnm 1 T‘Dﬁmﬂ‘m’oﬂﬂﬂﬂﬁﬁw and o, emlwpy’ of
i ambl gty for reasons he ng batter than 1tg own ' sde
' lAnother asimple disproof of the velabivistle ag-
Haartion will be givem. Let a wide mhl\m' band be 1
stratched with,say, a'finger, while held At the other
ond 1y a hook, Hewbon's third law still applies, and|
the fbrees everted by bhe, finger And the hook ATo
alialy but!they are not at all dlstrlbubed ecually

{ throughout the. rubber band, par ticularly 1f the b~
ibor 1a losing its elasticlty and hag' corres p«mdmp]y
I highar bhan normal. vi acogity, 1t refuired time For
the Init 1al pull of 'the i neex td b Lmnqmj tted to
the end held by the hook, As n,‘gc(wn sequence, there ls
g’r‘e’lixarrL qtvefﬂh (aq ghowvm . by ]mS ing ,iphb th‘tmurh ‘

I

SR

I}m band) toward the f‘mﬁmwbnd of the rubber band
han Lﬂ{mm’l the

‘avay from each othor at uniform velodity, the . m(fion
veateot ghbretch in«hm*,ﬂﬁ Trhm‘
tribubing morn to the mutital veloclty of receasion .
Apaing it die o ily 2 mat tor of fir mm

of

than the hbalk,

hoolpranda Ad

]
the Linger and

1 hools

the finpger is

Inc YV p

(’OI!‘"

in dxperimental avrvangemements and conditions 1t 1s
necessary in order to analyme relative motion i o _
ite mwnwnmlt, part s Theye is mo .Lnl_lr‘)mnl,w obs L{\ a in
i nature a{, al 17 o | ‘ ! !
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It is WOx'thy of note that all one is ohliged 'bo
do 1s prove gxiglence in these matters, and not, in
addition, susceptibllity to measurement, which we are
also and gratuitously doing in the interests of com~
pleteness. For the exigtence of a state of affairs
i and 1its wqoep\“ibi Uty to measurement can be two very
different things \mdex- different impoaad or chosgen

conditionss It is notable in mathematics as well as
in physlca, that one may have established existence
theorems long before more detalled theorems pertain-'
ing to the analytical nature of the existent fact
 have been proved, There 18 every reason in logic for
‘mere exlistence theorems first to be established even.
befora measurability can be analytieally expressed.
To say that the first cannot be established before
the second can be'expressed is to commit a gross fale-
lacyy~ one of the main forms of false reduc’cd.vim

‘ Thig fallecy 1g at the baals of relativistic
thinking, which actually encourages and delights in
a lack of wnamblguous measurebility, and which thus
operates actively to halt progress toward sounder and]
more resourcefil and revesling experimental tech -
niquag. In this sense relativistic thinking as ex-
prazged in relativity theory beiongs rather with the
arts of the ancient and modern Sophists than in the
Jaboratory or the chalr of sclences :

Ve shall noir furnigh proofs of the ematenoe of -
unambiguous direction and unambdguous similtaneitys:
Congider two circularly revolving bodies with a com=
mon center of revolution, and with uniform angular
“volocitles of 120° and 72°/sec. respectively, As may
be eagily caloulated, there will be only two conjuno-~|
tion points for the two bodies, with respect to theirn
common center of revolution, and these two places are
diametrically opposed, thus establishing an unambdgue
oug direction in space, namely along the line between
the two conjunction points in the common orbital -
plane. This direction arises entlrely out of the sye-
tem itself and mqui:cea no axternal gystem of coor-

1 dinatess,
Next conalder three revolving bodies, A, B and C,}

}, about a cammon center, each possessing a differant

wmiform angular velooitys At any given mement A will
‘L‘b{a a um"ta,,n angular digtance’ from B, say dap3 and.B




SO A peduetio ad abgurdum, that'the cause of a fast
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mﬂ “be' n
(!)f dpe and d AR Y the phirs of bodles BC and AB a,m

absolut,ely unebi guous st “Lnne(buq mmnt,m ; |
The possibility of cprml illusions of the Lor!

entz rmd/or Doppler t,*ypn mder cefrtain measuring cone

ditiong imposed or %Jnr-tod ls nnbtm"ly jvrn,lra‘\;ant

stmiltaneitiys Even within their
own sﬁmm of mlavaﬁ‘no and c-ompabom'y, mwh ef‘fecb
ginply demom defi clencies and AiLficul ties i H‘n_n ,
the mothnd of ’mnqmmmnnl,, and pm‘mib no conclusions
outaide the prov"invo of medsurament-di stortions pro=
duced upder vqﬂfms axpewnmnhml conditions, Evon
without the simple exdstenca roof‘ abova {fivemh it !
ghduld have heen nnoqmvmmﬂv clear that tha iommm
eff_eatq had noi,}unp whatsoever %o clo with ﬁpane or

tiop And unambipuons s

[t, shoul 1 ho ilﬁh]]v nubnd Hm tlm exl sml&c‘e of
’1 elactromagnetic wnve-medium rehders the measira-

of notion' that mich more axperimon bedl, I,V approachabla,
(H‘ the marlm*‘hrw not jot seen C’hnpbnr'j IIT and IV he
ig' referred to them hamm th in re this matter.) ’

" One Jast obqnmrqi,mn remaing to complete this
part of the digcuss slong’ namaly the non-relativi stic
and unambiguous character of rotational motion well~
nigh irregardless of particular diperimental c'rmdw
tionse Thig fact has «}rﬂmn the mére, dogmatic relasm

gﬁr:unsts gineo Frmet Nm'h to tha' ronl,‘ami,mn, in it

tha grav-

romtmp flw«w‘leel g bhureting apart ]ir—m in
itational effect of the sury oﬁnrivnff fixed ghars in
mnce.! Hot only ( and ﬂus should not have been neces
pary to.atate) 1a such a mniénbmn wnsupported by
All we know of gravitations, ut, as any engineer
Imows, it is the angular velmotiy and type of materi-
j;al and construction of the fly-vheel that alone’ de-
| termind tho point ‘at which it!will bursts Centrlfir

= from the vary forces that ini! at-
20

ing of thd wheel
ad and maintalned the rotations W& do not have -
aven oub&lde tho whienl, much loss traverse qH A

1light years to the f‘q:wd stars, to cnow rmd pmv'

3 ceriain rlj q‘tnnm fr'ch Gy dm- The a,htalnjn.gf

to the fact of the ex! wmeﬂ of unambipguous chmor i

lli%f aspact of mmmhjlpumm diraction, and assigmment|

gal forces arise —~and it ig they thal cause the Prirghd

O
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iwhgy 1t bursts apm't vhen rotated too rapldly. The

| ed by Einstein, wherein the coordinate jot is arbi=
| trarily chosen in order to obtain a formal resem -

| ficiently, if at all in relativistic treatises - that

Ty Xo3 7, X3 and ict, x;(the i being necessary so

fact that Mach gt gl. were forced to appeal. to the
fixed gtars in itself bears direct evidence of the
poverty of relativistic theory when incorrectly and
unwarrantedly extended beyond its rightful domain of
alloving for the errors of measurement occasioned
through the use of dignals of finite speeds

‘ We now arrive at another aspect of measurement in
relativity theory. We already have had occaslon(p.22)
to refer to the heuristic Minkowsklan ~gpace adopt-

blance to a Cartesian distance—element, and still em~
bod;v the physioal fact(though now in conaiderably
mdsked form) that the measurements wore porformed by
the uge of light signals,

It should be emphasimed -~ as it has not been suf-|

thls space 1s simply a mathematical working conveni-
ence for the purposes of relativistic dlscusalon, and
that its use as a tool in such discussions dows not:
‘et all endow it with any intrinsic physical reality
apart from its employment ag a formal convenlence.
lnclaed, when we examine the Minkowdklian element

Cds} m P ag- oCat? )

where ds; is the' /-spaco element and where x 1s x;3

that squaring produces the negative sign),- we find
that it amounts to‘ sa;ying nothing more than

ds3 cRdt? = dx?+ dy+ dz?,

In other words, cdt = d63, where dg, is the ordi-
bary distance element in three spatial ~dimenslons.
Integrating this lmt equata.on, we have

ct = g, ;
which represents nothing more abstruse than the fam-
iliar "rate times time equals distance' of secondary

school mathematics, put into terms of the speed of a
1light signal traverwsing the distance g In thia conr

'{ nection another fertile source of misleading notlons )
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and another demengbraticu of in Lernal confugion in

the theory ls Einateints very objeotionable ude of
This migleading phrage confusas on two countss
1, The phrage 'light~timg" has long been |
and;ig properly used in ashronemy to denote the, time |
intorval betwsen tha panding and rocolving of & lighty
glgnal from a pém‘v‘enf]y bodye Astronomy has for long
poyracted for manmrement arrors, :.i.‘_hdy“c:ﬁd by the optis
'cal illuglon cansed by Light-time in ita Lrue sense.

SR gh e notia time at all, b a digbance

| Remming Aiscugsion of Hinkovddien 4-space, w0

nota that “

interval ig
ad Minkowskian /egpacd interval may rdfer to elther
unifom linear veloelty alpng'al curvad path in three
spatial dimensiong,«pn lngh as wall to an acoslerats
ad motion along n s,:"m:"m.i.gh'h path in threo apatial Aixo
anmiong. A fourvatnre of apace-tima! in the oFarmcols
srad terminplomy of relativity theory, thua bolls
IE wm o nething mora than pome Jeind of n&xc}?l‘lafnjmd
motion of tho parden varlotye YSpaco-time' is motd.on.
(I Beflore J.G&"V.I,ng the mibloct of Minkowskian arbit~
rary /mmmc@‘ s i% ia nocagaary to eay a fr.faw‘\'mrds on
gaodanles, or patha of minimm disbance on.a glyen
mirface. |Note that 1 we ave not restricted to ro-

- main on 'the gli‘wm surfacs or, in general, in a cer-
tadn “t,;‘ypé' of region, then irrespective of tha numbar
of dimangl.omg, A stralght 1ine 30 still the minimal
dighance between two points in any spncm] A ‘
f The geodegicos of ‘relativity theory are nothing
but, the' gadmetric priDe

|

form, which the Hamlltonian
ciple of least action nssumes when ' the Minlcovslcian
aoordinates are employed. This fact constitutes the
rail' gource of the convenlence of the heuristio Min-
Iouslcian' lmgpnbey quite aside fram relatlvistic as-
gumptionsa 1 | w Co ‘ » ‘
Finplly, the Minkousichan /edpgco, ag afors fmiri,
pre sonta no actunl physioal unlty of space and tima,
That ﬂnc'p ig additionally evident in ite nom-how -
gmnei‘t@y; The non-hemogenaity of the Minkowslcian
fpaco shows not only In the s waelal factor J¢ pr - !

T the ’dr'h stance light, travels in <~ib:i,‘méa L al spesed g. 3

deapite it other flommal, conveniencen, it |
very urmsafully ambignoug, Thys, a cueve

fﬂ,:xéc’i to the time coordinate, but algo is ghovn ¥

! i : O

the phrase 'light-tima’ to refar to the quantity ghe |

‘ |
y THRORY |
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the fact that in the Lorentz transformations, to
thich the Minkowskian type of arbitrary 'space-time'

i
i

‘exerted only by a substanoe, a mediume In no other

nddreases iteelf, tims distortions behave quite dif-
ferently from space distortions, 'slnce’their combina~
tion in the velocity of the light~signal makes them
inversely related to each othser, as explained on pp.
5:and 6, guprae Bridgman [ The Logic of Modern' Fhys-
icgM pe74] most accurately sensed the difficultles
ariging from the artificiality of the Minkowsklan
/rgpace, for he wrote: ¥ Although mathematically the
mmbers measuring space and time enter into the rela-|
tivity formulas gymetrically, nevertheless the phys=-|
joal operations by which these mmbers are obtained
ave jentirely distinct and never fuse, and I belléve
1t can lead only to confusion to see in the possibil-
ity of a four dimensional treatment anything other
tham a purely formal matter.' Again (see also p.ll,
gupra) Bridgman's sound physical intuition was right)
fe regards the Minkowdlclan space o£ relativity theorw

," " Ag the concluding section of this Appendix there
will bo consldered another agpect of the 'ourvature
of apaco! gpoken of in relativity theorys As pointsd
dut In the 11th conclusion of Chapter V, the phrase
smowmts to a contradiction in terms as far as physics
18 conesrned, structure without substance being im-
possible. Similarly, to talk of ourved.geodeglics in
gpace 1s to make the unanalyzed assumption of a fleld
of force. And such a configuration of forces can be

way could a field in physics guide, or impose & metri
upon, the path of a body or material particle,

Interestingly enouﬁh, the actual relativity in-
volved, and one entirely overlooked by relativity
theory, is what might be called the relativity of
vaouas On one level of obgervation, say to the un—-
alded eye, a room full of air appears empty. It 1s
empty Vralative® to the eye, though even here such an
artificial way of speaking helps not a whit, nor ex-
plaine anythings The eye perceives what it is equip=
ped to sest anything more than~this in the way of
verbalization 1s word-mongeringe We must find better
and added means of observation, that is all,

low gome comparatively simple tests, one so simg’]g
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an mmiy f]m]nnp 'thn aIms mmm, proven Hm,r, the

room ig not empty to the sense of 'touch. Moistening
the flailing amms confimms this conclugion by added
Fﬂff‘amq,

A Tan confirms H, and by means of the meo-
idlum, air, in the room, the fan can even gend bits
of paper scurrying overia table. What appears to be a
magnetic wind ! when we swlng a m::!ogne‘t abcmt, ean
gmlm move iron ,Eijimga» o ‘ }.« ‘
I |

! mﬂlngf tr) ﬂm next !mm\‘ of vrmmm, e now dew
aerate the room or enﬂmrmm, A1l ‘the phencomena dew
pendent pn'the previously visual W now-axi atent, al-
thomgh qni,?m ronl and now vanished substancs, alr, |
disnppeara Homdvem (f"wwimt fonal and electr mmgﬂ@”«-
ie effects of apparent notion- Atmbedi stanea gball
t ke places Obviously, our vaomm 1s not the absolute
'dne v had thmmht 1t to bae From our fi rqb lagaon ‘
with tho alr, we' are veady to nrim% L that a still mére |
impalpable rm#m{mm ohservable 'only {"mn ite effactp
(now congl sbing solely of g avitation and nloubi‘bmap~
netdsm) ig:still in the ropm. B I

ALl nppﬁrvnn{, m-Hmmn e n-»dhhaum implies the e
icrbonce and aety_vw Ly of mma phyaj.c*&l mediums .
| Th@ mammnv lmm Imc»n maiie pu:c;mqaly as olpment-
ary, as poasible to q}qu how sinply the relativistlic
err‘ora could have ‘been avolﬂqdm ST ‘

[ ' ; |
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l EVALUATION OF RELATIVITY 1. Ry

viscosity, a definite type of tliree~dimensional edd;wg;n Fdfm
Awthe mediom, which chn‘Qe mathematically deshr@bdd as

1 . | | ' .

L A K oy 1

Re™ | = g(t) . |
; ! |
Ande "The‘]muginary‘aa‘a Diménmionnlily OperatJr," an ﬂqpub -
lishéd lecture by C.A.Humes copyright 1452/, ‘1‘ !
i gl | ‘

. i I

Such condcal-apherical eddies thus conmtitute rhafged pant-
ficlen, and "charge™ becomes sioply thibb-dimenpional nﬁfrl in |
the medium, The sende of thig 8~space rotation(4-space if its
time cqérdinate be freated in Minhowskian fashjon), which im dn
vatiant or coordind'te transformations, determimes the mign of
 the charge, FurthnﬂL thare is a definite relation between ture
bulent flow in the wave-medium add the formatio animaintenance

of Huch threewdiWensionnl eddign, or particles df matter.

i | . | . ‘ |
v 1t iy sow c]bar‘why fandamentdl, phrticlea are found in

quantum mechanics to Have no'de!iqﬁte bourdary, as well as why
s particle hasa Ay wave nature, Also, the Iundamemtnl physical im-
portance of spinofs becbmes obyions, as well as 40 the linka

between fitld and partitle theory. It can, "however, be shown hy
actual caleculation that thé Dirac aspin ic comparativély qmite
dlow, like a precedsional spin, while the swirl-speed that ig
the basig of ch%gpe is of veryimuch greater anguar velocity.

| It is now also @deeﬂt‘Wh& elentric and magnek;c cmmponemtﬂ
are perpendicnlar, for thle Coriolis and centrilugT” forces of
the swirl are "electric)" while the much leassar vortical forcen
created by premaure of ‘the surrounding madinm, snd which are
perpendicular to *the firmt set of forces, are "%agnetic' ay we

observe them in their dfﬂppts,
|

\ ‘
. Tha phneral refation of furbolent flow to thd wave-medinm
incimie, afapo grnvit@tionn} effecta around sawitls and swirle

clustersiponderable matter] by Bernonlli' s’ principle,! dppearing
thus in' a new fofm’ap the basic reason for griavitation.

Byt there is no Bpnte orirenson here to prdsentv&ny further
ﬂévelﬂpmﬁnta. It is hofficient thit we have established the =mig
~nificance of the epinodr solutions and their relation to the pre
ceding text. It rémnins only to he said, ip connection with the
techaical difficolties encopntered in Attempts at:a formally
nnified fligld theory - quite 2hide from the inevitable confusion
ftemming from the ldck of physical inmight of & |merely formal ap-
gtroach, ~that the reanos fom the imp iowsnesg in this respect
of thealectromagnetit field to won-spihor treatment lay in . the
cd:l vectors of the Haiv*]lian'elnctromagnétic Tield equations;
while the gravitational Tield vectors, or the other hand, con-
tain. o cur) operator fdr the vnpertirbed field,

Bl
[ P
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tehgor equations c

tantialfiialdn; by

|maticallambivalence relating

In the meamtime t
had first specifically
id order, tn have thé sp
In the very svgotfsl year 1038
pet forth th first mathemhtica)
or, Tan dsar Waerdewn's reprénshtatid
ments from JaAmScbronteﬁ goon after. 1|

! i ; .
Dr. Veclay Hlavaty's pulblic roleans, o0
spisor ﬂOiUXiOMB to
pﬁgred afipr this Heok b
thia supplement dinsarted,

1997, J. 'von ‘Maumanm in 1828 pnint
terpretaticn of Nirac's matricen

in 1009, H.¥eyl and
to gederalized field: theory,
ing thim relation f

clomay matricesl [Tt wan
that ﬂh%rplj Mightightad in qraotom
complex conjugates,

inally, in 1858, V.Hlawvmty'{lot the Gradnetae §
ﬁpgliﬁd Mathppatics, Indinne University) aolved the Rinateininn

|

chmplmg”vmriable theocy im

agsume mathbix form.

pally coscelived in matrliy form,

jemda itzelf to apinor motatina. | o
| ‘ ‘

Anidp from thair famdaman
phass-mpacen Of gmantam machanics
ponents piay am essentlal role), spinore ponmsat a formal mf;ﬁm-ﬂ
them also to, generalized Haxwe'™ iam

| i
SUPPLEMRNT OM SFINORS
! ‘\ i

I

l

prther.
be eminent

oty 20,1988, @f hin
the Bimateininn mnified fiald equations,ap-
hd gope to press, hnn we mamaged toheye
to licinde the llatent posmible rele-

rant' daths Since Hlavaty's tiethod ntildead nplmnrn vary jeanenti
slly, we umall firgt beinfly mupmmer

Tha 'theory begas in phymical conrnptidn, ifimide in\math@wktfq
renlization, with F.Dirsc's firnt papar on aelectron spin in
od omt m hypmr-goometrical in-f |
Indepandamt]y ﬂ!\mﬁcp nther, |
V. Pock mathematically ralated Ukran'm[mnrk
‘Re Sehroedinger and others clarify-

ixe the history of spinors, P

mathematipal ghysicinat Phrenfant
callad far, a "apinar™ oh phyaical grownd
inning alpctros mhthamatically denmcribed
ih' thia ranpect,! van dev ¥aerden)
theory ofin two-gomporant mpin-
ing obtained further refine—

Ta l?%ﬂ'b.Veblmn related mpiﬁoyp to the mathematiconl apace
wreld by relativity theory® Ha did th i i
geoﬁetry of 'a tipe lnitlally svggenthedd on, wholly mnthpmmtgcmw«
1y theoretichl grounds by CL Segre ard (. Juyel at tbe'ulonm ot |
the 1ndt century. W& may remark in pnﬂﬂ‘n% that Veblbn'a geo ~
motric emphasia wam a very aonnd one for

lg in thrme Of projective

phyeical theory. On the
aame primciple, without Schrnodiﬁpprﬂn mwave mechanicn, quantom
theory wonld have flonmdered is endjonaly awhwacd sea of
3 almo Sehropdingen's froitinl concept
thhory the imporfence of
which im one of the nowtes whereby mpimors
eater the qmantum plotere, |

)
Ingtituta For

ebining eleactromagactic and gravitatiomal po-
ﬂweanm of a complhx generalizauion
or, | 1. e by apimor theory. 4 !

ofi a-ten

iSpinor theory might be c&rﬂorily detfined e the ntilization
oA panerdlized tensor analyaia. Ry
adding the complex domain apindry g@qeralhnm tmnaﬂrm‘mof@ than
aven the very ganaral gamge-iavarisnt tessord required to rep~
resent alectromaghetic potpatinl tinlds, Reducad to simplest
terms, anythipg which spinm or rotates as it
pgth’ml'mutlohunuy rave a apinor.
thé came ip invariance-theory developrients, splhor
Thos Divad’e electrom apin theory was origk
"“thowgh it most conveniently

procasds on a g ran
to describe it. As is gaenerally

thaory may

walralation to the probability
{whare lconjugate complex ~om-

}fl@lﬂ thqory, wherein slactromagretic and ggmvitmti@n&l pot-
icombinad., For partial differemtial eqne
ownkian apace, whare accelaratad motion

ialp nra tewsorial)
iin gemarplicad Min

"allowed, may too qm‘uccnruthly,@nd compa

rnotntiom, |

d
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Arelativity only becanse the theory had from the very begimming

{this problem by removing Tt ~ as even the keea G.D.Birkhoff did-

EYALUATION OF EBLATIVITY THEORY : o 47

; The physicol reasom for the validity of this 'last applica~-
tior im that sccelarations appear as curvstures in a Minkowski-
am, pmendo-Buclidean space, 224 all curved paths of motion can
nitimately logically bhe related to & general spin or rotatioa
concept im amch a mpace. ‘ Y ‘

. Hlevaty's epinor goluntions of the gereralirzed field equationt
of gennral relativity only make now utterly explicit the comse-
guences of tha implicit imclunaion of the fact of electromagmetid
mass of its signal ins special relativity theory (see Ch, I1I sup )

Maturally, the final sxplicit solutions must demomstrate e-
lectromagnetic mass in the fundamental though umackmowledged
role it han played in relatirity thedry from the start, without
the mlightest obligation to relativistic assumptions as such.

Hiavaty findps 'that gravita.ios may exist “without matterl By
this is menant Bi thim is mesvt that gravitational effects can
exiast withont those collections and combimations of electrical
particles we call panderable matter. But, as the foregoing has
deponstrated (Ch. V supra), matter also embraces, and extremely
importantly, the fusdamental snbstamtial wave-madinm is which
bpth electromagnetic and gravitatiomal disturbances are propa-—
gated, the wave-medioum that relativity theory had omitted and
even deaied ostenpibly althongh it had lain there all alomg in
the nawittisg inclusiom im relativity theory of the electromag-

netic magen of ite sigaal.

How the attraction of electromagnetic mass bg a gravitation-
aLineld {e.g. the bending of the path of light by a massive
hodj) also demomstrates the converse by Newtoa's law of the mat-
nal gravitational influence of two masses as Gmm'/g<. That is,
the elactromagnatic mams has also very slightly deflected the
hody whome gravitational fileld it estered, Whatever in sumcepe
tihln ¢p & gravitations! Field must possews » gravitational
finid of it own. Thos i1 is possible for two foviag electromag
netic masaes to eveércise gravitational effects (slight though
they may be) om each other, thws yieldimg gravitatiomal effects
*without matter. " This conclusion is mimply ome of the neces— _
sary compeguences of the physical fact of electromagaetic mass.
It emerged explicitly im the Hlavaty apinor solutioms of general

carried electromagnetic mass as an unrealized stowaway.
‘ i

Hlavaty's solutioms only make it tha& munch clearer that act—
ually concrete triumphs (such as K = mc®) were im . fact due to
the mathematical consequences of the Maxwell-Poyitiag-~Heaviside—
Thomsos~Abrakam-Poincard concept of electromagaetic mass, based ‘
ip tnrn on the mubstantial natute of the wave-medimm for gravi-
tational and elactromMgaetic disturbasces.’ '

For mimilar tresasofs as discussed.we may have im'a givenphysd
jeal context neither gravitational distarbasces ia the macroacop
jc sense nor particled matter, aad. yot still have electromagset-
ic disturbances is the medium, for it possesses a very low vis—
cosity and high elasticity. b

As long se we have come this far, we nayiaa wall complete
the journay. The last major unknowa factor lyimg before us is ob-
viowsly the mature of whag we call "ckarge.® -Oce will aot solve

one step farther from rolution by postelatiag aa electric fluid
that cam charge matter. L : b ; : ‘
Again the fimal physical solutios muat be googht in terms of
the wave-medium. Subjected to certain imternal rotatioss in three
dimenstode. whick can essily be Maintgiged bECHUSE of the low




