


A Key to the Universe

“Today most newspaper readers know v.agucly that Ein-
stein had something to do with the aomic bomb; beyond
1hat his name w swaply a syronym for the abstruse o . o
even many a college graduate . . . does not know that Relar
tivity over and above its scientific wmport, con}pme‘s 4
@Ayt P! phucal system which aug and illumines
the refiections of Locke, Berkeley and Hume. Consequently,
he kag very htile nohon of the vast, atcane, and mysteri~
ously“ardered poiverse n whneh he dwelis ™

“This is a brilliant, readable ard clear report, by a gifted
journabst, of the sipnificance of Emsteln's thearies and
their far reachupg efiect upon the modern world, Written
for Jaymen, 1t penctrates the realms of space, explains the
facts available on the nature of atoms, and merges for

purposes of dary, the selanon tetween piosophy and
modern seence,

Uthzing the theornies of Newton, Planck, Gamow, Lenaitre
and feans, Bamett explains the Emstemt concept of the
umverse, Relating these scienufic theories to the phl-
owophical systems tusting at the ume, he shows how all
forms of human activity are mfluenced by the discaveries

of saience, and how Einstein’s theories are a siep 1o this
long Wstoty of rescarch

Trequendy caffed an atheist by those who have faled to
grasp the meoning of ts phfosophy, Enstein mumself is
strongly convinced of the creation of the universe by 2
Supreme Intelfigence. He 53ys, “The most beauttful and
mnst profound emotion we can experience 15 the sensation
2] the mysticat. 3 53 the power of all true science . ., To
h :nsnxw shat what 15 impenetrable 10 us really exsts, mam-
s nng itsel] g5 the highest wisdom ond the most radunt
l;:’:;fy whick aur dull focudties con comprehend only in
u mast prinuve forms~this knowledge, this feeling,

at the center of (rue religtousness.”—Albert Einstesn
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Foteward by Albert Einstein

Anyone Who Has Ever Tried o Present a
rather abstrace scientific subject i a populsr
manmet knows the grea difficulties of such an
atrempt. Either he succeeds in being intelligi-
ble by concesling the core of the problem and
by offenng 1o the seader only soperficial
aspects or vague altusions, thus deceiving the
reader by atousmy in him the deceptive ilu-
sion of comprehension, or clse he gives
expert account of the problem, but fa such 2
fashuon that the untrained veader is unable o
fallow the exposition and becomes discoursged
{rom reading any further.

{f these wwe categartes are amitted from
coday’s popular scienufic litesature, swrpris-
ingly hidde remams. Bur the Sirde that s lefe 3s
very valuable indeed, It 1s of great importance
thar the generst public be given an opportuaity
o exwpenence—consciondy and mitelligenty
—the effons and resubts of scientific research,
T is not sufficient that each result be taken up,
chiborated, and apphed by 4 few spechahists in
the fidd. Resticting the body of knowledge
w a small group deadens the philosophical
spitiy of a people and leads ta spisitesl poverty,

Lincaoln Barnert's book represents & valuable

ution to popalar s writing, The







foreword by Alber Einstein

Anyone Who Has Ever Tried to Present 2
rather abstrace scientific subject in 2 popular
manner knows the great difficulries of such_ an
autempt. Either he succeeds in being inteligi-
ble by conceating the core of the problem and
by offering to the reader only superficial
aspects or vague allusions, thus deceiving the
reader by srousng in him the deceptive ille-
son of comprehension, or ¢lse he gives an
expert account of the problem, but n such a
fashion chat the wrrained veader is unable to
follow the expositon and becomes discouraged
from reading any further.

I these two categortes are omitted from
today’s popular scientific lirerature, surpris-
wigly tede remains, But the litde that is lefe is
very valuable mdeed. Tt is of great smportance
that the gencral public be griven an opportunity
t0 cipenence—consciously and intelligently
~the efforts and results of scientific research,
T is not sufficrent ehat each tesule be taken WP,
chabarated, and apphied by a few specialists in
the field. Restnetmg the body of knowledge
0 2 stmall group deadens the philosophical
spurit of 3 people and feads to spiritual poverty,

Lucoln Barnert's book represents 3 valuable
contnbutian to papulas scientific writing. The
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Carvedin the white walls of {he Riverside Church
in New York, the figures of six hundred great men
of the ages—sanss, plulosaphers, kings—stand in
lumestone immortahity, surveying space and time
wath blank imperishable eyes. One panel enshrines
the genises of science, fourteen of them, spanning
the centurses from Fippocrates, who died atound
370 n c., to Albert Emstem, who was seventy years
old 1 March 1949, 1o 1s noteworthy that Einstein is

b oy tiving rman in this whole sculprared gatlery

of the ustrious dead

teis equally noteworthy that of the thousands of

people who warship weekly 2t Manhartan's most
speetacular Protestant church, probably 99 per cent

}vnuld be hard pressed 1o explin why Einsten’s

imnge o there. Tt s there because 1 generation ago,
when the iconography of the charch was being
planned, Dr. Harry Emerson Fosdick wrore ferters
103 graup of the mauon's feading serentists wking
them to submit hsts of the fourteen greatest names
n saenufic fustory. Thewr Lallots varied, Most of
l\\fm inctuded Archimedes, Euchd, Gatiteo, and
Newton, But an cvery hist appeared the name of
Albert Tansten.

The vast gap that has perswred for mare than
forty years—smee 1905, when the Theory of
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e realizes that virraally ali the phenomena of
"atare are produced by these two primordial forces.
Unl 2 hundred years ago <lectricity and magne-
tism—while known and studied since carly Greek
i garded 15 sep quantities. But'thc
cxperiments of Oersted and Farzday in the nine-
teenth centuty showed that 2 current of electriciry
is always susrounded by a megnetic field, and con-
sersely that under certain conditions magnetic
farces can induce elecerical currents. From these ex-
periments came the discovesy of the electromag.
netic field through which hight waves, radio waves,
and all other electromagnetic disturbances are prop~
agated in space, Thus elecricity and magnerism
may be considercd as a single force. Save for gravi-
wation, neardy all other forces in the marerial vni-
verse—~{ncrionat forees, chemical forces which
hold atoms together n malecules, cohesive forces
which bind larger particles of matter, elastic forees
which cause bodies to manzain their shape—are of
clecrromagnetic origin, for all of these mvolve the
interply of matter, and all marter is composed of
woms which in wm are composed of clectrical
particles Yer the similanties berween pravitationat
and c(emonxagncrsc phenomena are very suiking,
The planers spin m the gravitational field of the sun;
clectrons switl in the elecrromagneuc field of the
2torie nucleus, The eacth, morcover, 15 2 big mag-
fet—~2 peculiar faer which is apparent to anyane
swho has ever ued 3 compass, The sun also has a
wmagnetie filld. And 5o have all the stars,
Although many awempts have been made to -

15
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rature o more s known to the modern scientist
dham 1o Thales of Milecus, who first speculated on
the electrification of amber around 585 B, Most
comemporary physicises reject the nmiu‘n that man
am ever discover what these mysterious fances
»ealty™ are. Electricity, Bertrand Rogsell say5, “_;s
nor 2 thing, Wke St. Pauls Cathedral; it s 2 way in
whicl things behave. When we have tofd how

things behave when they arc elecerified, and under
what i they are electsified, we have
told all there is ta rell™ Undil recently scientists

would have scorned such a thesis Asistotle, whose
natural science dominated Weseern thought for two
thousand years, believed that wan could srrive avan
understanding of uitmate reality by reasoning from
self-evadent prenciples. It ss, for example, 3 selfoevin
dent ponciple that evesyrhing in the universe has
irs proper place, hence one can deduce that objects

- fall to the ground becanse that's where they belong,
and smohe gocs up because that's where it belongs.
The goal of Aristotelian science wes to explain why
dlmgs bappen, Modern science was bom when
Gatlea began trywng to explam bow things happen
and thus originated the method of controlled evperi-
went which now forms the basss of scientsfic invest-
Lation,

) Qut of Gableo's discoveries and thoce of Newtan
in e pexe geaeradon there evolved & mochanical
universe of forees, prassutes, wensons, osclauons,
sad wases There seemed 1o be 1o process of aature
which could tur bie described in terms of ordinary
experience, Wastrated by a goncrete model or pre-
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The factors that firstled physicists to distrust their
faith in.a smoothly functioning mechanical universe
toomed on the inner and outer horizons of knowl-
edge—in the unseen realm of the atom and in the
fathomless depths of intergalactic space. To describe
these phenomena quantitatively, Two great theo-
retical systems were developed between 1900 and
1927, One was the Quantum Theary, deabng with
the fundamental units of marter and energy. The
othier was Relativity, dealing with space, time, and
«the structure of the universe asa whole.

Both are now accepred pillass of modern physical
thought. Both describe phenomena in their fields in
terms of i hemati

Y

- ical T .‘

They do not answer the “New tonian “how™ any
more than Newton's laws answered the Aristotelian
“why.” They provide equations, for example, that
dcﬁ.nc with great accuracy the laws governing the
radianon and propagation of light. But the actual
mechanism by which the atom radiates ight and by
which light is propagated through space remains
one of nature’s supreme mystencs. Similarly the
Laws governing the phenomenon of mdioactivity
erable scientists to predict that in a given quantity
of uranium 2 certain number of atoms will disin-
tegrate in a certain length of time. But just which

9
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dicted by Newton’s amazingly accurate laws of
mechanics. But before the rurn of the past century
certain deviations from these laws became apparent,
and though these deviartions were slight, they were
of such a fundamental nature chat the whole edifice
of Newton’s machine-like universe began to topple.
The certainty that science can explain bow things
happen began to dim about rwenty years ago. And

" right now 1t is 2 question whether scientific man i
in touch with “reality™ at all-—or can cver hope to
be.
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1 am able to prove,” wrote the grest German
xthematician, Leibnirz, “that not only light, colot,
at, and the like, but motion, shape, and extension
¥ Ste mRrg appicent qualities.” Just as our ‘visual
emst, Sor example, tells us that a gol€ balk is white,
o vision abetted by out sense of touch rells us that
¢t is also round, smooth, and small—qualities that
ue ta more seality, independent of our senses,
than the quatity which we define by convention as

white.

“Thus gradually philosophers and scientists arrived
at the starting conclusion that since every abject is
simply the sum of its qualities, 20d since qualities
it only in the mind, the whole objective univesse
of mattes and energy, atoms and stars, does not exist
£XCERE 25 2 construction of the consciousness, an edi-

fice of comventional symbols shaped by the senses
of man. As Berleley, the archenemy of materialism, |
phrased it: “All the chait of heaven and furnirure of
eacch, in 2 word sl shose bodies which tompose the
mighty frame of the world, have not any substance
withowt the mind. . , . Sp long 3s they are not
actually percewed by me, or do not exist in my.
nme or that of any other created spirit, they nust
m'hcr have qo evistence 4t ol or else subsist in the
wind of some Eternat Spir” Eansrein carried this
wrain of fogie 1o 1S uitimate himies by showing that
Tien space and time are forms of muwrion, which
€an 1o more Le divorced from consciousness than
©an our concepts of color, shape. o size. Space has
2o objective reality except as an order or atrange-
mene of the dbjeats we percense 11, aad time has

g
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atoms will decay and how they are selected for
doom are questions that man cannot yet answer.

In accepting a mathematical description of nature,
physicists have been forced to abanden the ordinary
world of our experience, the world of sense percep-
tions. To understand the significance of this rerreat
it is necessary to step across the thin fine that divides
physics from metaphysics. Quesuons mvolving the
refationshsp between observer and reality, subject
and object, have haunted philosephical thinkers
since the dawn of reason, Twenty-three centuries
ago the Greek philosopher Demncritus wrote.
“Sweet and bicter, cold and warm as well as all the
calors, all these things exist but 1 opimon and not in
reality; what really exists are unchangeable particles,
atoms, and their motions m erpty space " Galileo
also was aware of the purely subjective character of
sense qualines hke color, taste, smell, and sound and
ponted out that “they can no more be ascribed to
the external obyects than can the tickling or the pain
caused somenmes by touching such objects.”

The Enghsh phiosopher John Locke wried to
penetrate w0 the “real essence of substances™ by
drawing a dsuncuon berss cen whar he termed the
primasy and sccondary quahities of mateer. Thus
he considered that shape, moution, sohduv, and all
geometrical propertics were real or prunary quali-
ties, inherent 10 the object wself, whde secondary
qualities, hke coloss, sounds, tastes, were sumply
projections upon the organs of wnse The arufi-
ciglity of this distnction was obvious to later

thinkers.
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“ am able'to pmve," wrote the great German
mathemarician, Leibnitz, “that not only light, color,
heat, and the Iike, but motion, shape, and extm.s'\o“
to0 ate mere apparent qualiries.” Just as our ,“SP"“
sense, for example, tells vs that 2 golf ball is white,
sa vision abeteed by our sense of touch rells us tha
1 is also round, smooth, and small—qualities that
luse no more reality, independent of our senses,
than the quality which we define by convention as
white.

Thus gradually philosophers and seientists arrived
3t the starting conclusion that since every object is
simply the sum of its qualiries, and since qualities
exist only in the mind, the whole objective universe
of maner and energry, atoms and stars, does not exist
except as 2 construction of the consciousness, an edi-

fice of com entional symbols shaped by the senses
of man. As Berkeley, the archenemy of matetialism,

phrased it: “All the choir of heaven and furniture of '

earth, in a word all those bodies which composc the
mighty frame of the world, have not any substance
withour the mind. . . . So long gs they are not
zc.mally percewed by me, or do not exsst in my.
wind, or that of any other created spir, they must
c:{hcr have no existence at all, or else subsist in the
snind of some Erernal Spirit.” Einstein carried this
i of logic 1o ws nhimate himits by showing that
even space and tme are forms of neation, which
©n no mote be divoreed from consctousness than

can oue concepts of color, shape, or size. Space has
nt objective seality except 25 an order or arrange~
ment of the objects ne percenve in it, and time has
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no mndependent existence apart from the order of
events by which we measure it.
* L3 *

These philosophical subtleries have a profound
bearing on modern science. For along with the
phidosophers’ reduction of all objective reality to a
shadow-world of perceptions, scientists became
aware of the alarming limwanons of man's senses.
Anyone who has ever thrust a glass prism into a:
sunbeam and seen the ramnbow colors of the solar.
specerum refracted on a screen has fooked wpon
the whole range of visible hghe. For the human eye |
is sensutive only to the narrow band of radsation that
falls berw een the red and the violet, A difference of
a few one hundred thousandths of a centimeter in .
wave Jength makes the difference besw een visibility
and mvisibihiey. The wave length of red hght is
80007 ¢m. and that of violer hght 0006+ ca.

Bur the sun also emus other kinds of radiation.
Infrarcd rays., for example, with a wase length of
00008 o 032 cm, art just 2 luele too long 1o cxene
the reina to an mpression of hight, though the skin
‘detects thesr wmpact as heat, Sumlarty ulraviolet
rays with a wave length of 00003 v 000001 om. are
o0 short for the cye to percen ¢ bur can be recorded
on a photogmphic plare Phetographs can afso be
made by the “light” of Nerays which are even
shorter than ultravioler ravs And there are other
clectromagneuc wates of lewer and grearer fre-
qucncy—:hc gamma Tays of radmm, ridio waves,
cosruc says—viuch can be deteceed sn vanioue w s
and differ from light aaly 1 wave length Jois evi-

22
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dent, therefore, that the human eye Suppresses most
‘of the “lights” i the wosld, and that what man can
feresive of the seality around him is distorted ?nd .
* enfecbled by the limitations of his organ of vision.
The world would appear far diﬂ'ere?t ta kim if his
e were sensitive, for example, to X-rays.

VISIEAL VeHT

R g sy

it | et

WAVELENGTH (CENTIMETERSL

‘The electromagnetic spectrum reveals the nartaW gaage of
tadatian visible 1o Toan's eye From the standpoint of phys-
jes, the only difference between radio waves, visible Tight,
a4 yuch Yagh-frequency forms of radiation as Xrays and
gamma rayy hes 10 their wave leagth, Bat out of this vast
cange of diectromagnetic radiation, extending from cosmic
rayt with wave Jengths of only one tnllionth of & centume-
ter up to mfinstely long radio waves, the human eye selects
only the narrow band indicated in white on the abose chart.
Wan's percephons of the paiverse in which be dwells are
thus restencted by the lomitanons of hus visund sense Wave
Tengtha ate wdcated on (he chact by the denary systern:
3£, 10 centumeters equals 10 x 10 x 10 equals 1,00Q; and.
107 equals 1/10 x 1/10 x 1/10 equals 1/1,000.

Reshzation that our whole knowledge of the uni-
wtse is sunply 4 residue of impressions clouded by
our imperfect senses makes the quest for reality seem
hnptess. 1§ nothing has existence save in its being
perecived, the world should dissolte into an anarchy
of indwdwal percepuons. Bur a cussous order cucs
through our perceptions, as of indeed there might
e an undechyer of objectve reality which our
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senses translate. Although no man can ever know
whether his sensation of red or of Middle C is the

,same as another man’s it is nevertheless possible to
act on the assumption that everyone sees colors and
hears tones more or less alike,

This functional harmony of natyre Berkeley,
Descartes, and Spinoza attnbuted to God. Modern
physicists who prefer vo solve their problems with
our recourse to God {although this seems to become
more difficulr all the time) emphasize that nare
mysteriousty operates on mathematical principles. It
is the mathematical orthodoxy of the universe that
enables theorssts hke [instein to predier and dis-
cover natural faws simply by the solution of cqu;\vH
tions. But the paradov of physics today is that with
cvery improvement in its mathematical apparacus
the gulf between man the observer and the objective
world of scienufic description beromes more pro-
found.

It is perhaps significant that 1 terms of simple
magninade man is the mean between macrocosm and
microcosms. Stated crudely rhis means thac 2 su-
pergiant red star (the fargest matersal body in the
unjverse) is just as much bigger than man as 3n
electron (simest of physical entittes) is smaller, Itis
not surprising, therefore, that the prime mysreries
of nature dwell in those realms farthest removed
From sense-imprisoned man, nor that scicnce, unable
to describe the extremes of reality in the homely
meraphors of chasnical physics, should content juself
with noting such mathemancal relationships as may
be revealed.

24
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The first step in scienca's refreat from mechanical
o toward matt } abstraction was
ukenin 1900, when Max Planck pot forth bs Quan-
tem Theory 1o meet certain prablems thar had
wrisen in studics of radution, Tt is common knowl-
edge that when heared bodies become incandescent
they emic 2 red glow that turns to orange, then
yellow, then whte as the temperature Increases.,
Painstaking effarts were made during the past cen-
try to formalate 2 law stating how the amount of
radune energy given off by such heated bodies
saried with wave length and temperarure. Al ar-
terapts faited aneit Planck found by mathematical
swiestis 30 equation that satisfied the resuits of experi-
stient, The extraordmary feature of his equation was
et i reseed on the assumprion that radiant energy
i ermutred not in an wnbroken stream but in discons
tuttous bits or portions which he termed quanta.
Planch had no evidence for such an assumption,
for no one knew anything (then or now) of the
actual mechanistn of radiannn, But on purely theo-
mic:ﬂ grounds he concluded that each quanturs
" cderies an amount of energy gven by the equation
{2w fr, where v is the frequency of the radiation an

ks Plinek’s Constant, 3 small but inesarable purr
+ ber (roughly 000G

24
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which has since proved to be one of the mox
fundamental constants in nature. In any process of
radiation the amount of emitted energy divided by,
the frequency is always equal to 4. Although
Planck’s Constant has dominated the computations
of atomic physics for half a century, its magnitude;
cannot be exphined any more than the magnitude
of the speed of light can be exphined. Like other
universal constants it Is simply a mathemarical fact
for which no explanation can be given. Sir Arthur
Eddington once ebserved thar any true law of n2-
ture is fikely to seem irrational to rational man;
hence Planck’s quantum principle, he thoughy, is
one of the few real natural laws science has revealed.

. * *

The far-reaching implications of Planck’s conjec-
wure did not become apparent till 1905, when Ein-
stein, who almost alone among contemporary,
physicists appreciated its significance, carried the
Quantum Theory into a new domain. Planck had
believed he was simply parching up the equations
of radiation. But Einstein postulated that all forms
of radiant energy—light, hear, X-rays—actually
trave} through space in separate and discontinuous
quanta. Thus the sensation of warmth we experi-
- ence when sitting in front of a fire results from the |
bombardment of our skin by innumerable quanta of
radiant heat. Similarly sensations of color arise from
the bombardment of our optic merves by light
quanta which differ from each other just as the
frequency » vaties in the equation E=lr,

26



Einstéin substantiated this idea by working outa.
E".' accurately defining 5 puzzling phenomenan

%N 35 the photoelectric cfect. Physicists hag
: PEEn at 2 loss to explain the facr tha
cpure violer light is allowed to shine
Plate the plate ejects a shower of electrons, If light

Of lower frequency, 2y yellow or red, falls oy the -
-Plate, electrons will again be

THE UNIVERSEE AND DR, EINSTEIN

.

ejected bug a; reduced
Melocities. The vehemence with which the electrons

e ELECTRONS |
UGHT Sougee .

{re00000000c00080000 4
°e00060e0g,

LLTTLY PO,
n.,,.““h. .

toag,

: ectron the Tesulting
s to the impact of belliard bay,
oneepuon above, 88 shown

™ the mera] g,
and not g 4
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Wt that cart onily be explained by the wave thco'ry.
‘or caample the shadows of ordmary objeas like
Adinngs, trecs and welegraph poles appear 5§‘GW‘Y
{lefined, but when a very fine wire ot tair 5 hE}d
beeween 3 fight source and 4 screen it casts no dis~
Hinct shadow whatsoever, suggesting that light rays
Ehm Yene around it just a5 Waves of water bend
$aroued a2 smal) rock. Simiilarly 2 beam of light pass- |
Jing through 4 tound aperute projects a sharply-
defined disk upon a screen; but if che apecture i
yeduced 1o the size of 2 pinhole, then the disk he-
comes tibbed with alternating concentric bands of
Tight and darkness, somes hat ke those of 2 conven-
tivnal varget, This phenomenon is known as diffrac-
tion and has been compared with the rendency of
ovean waves to bend and diverge on passing throngh
the nacross mouth of 2 harbar. 1f instead of one pin-"
liole, two pinkotes are employed very close together
and side by sude, the diffraction patterns mesge in
 series of parallel sthapes, Just 25 two wave systems
meeting W 3 Swmnung pool will remforee each
oihies when esest comaides with crest and snnul eack
ahur when the erest of one « ave meers the troudly
of anothes, 58 in the case of the sdpacent pintoles
the brsght steipes occar wheee two hght waves re-
inforee each other and the dark strrpes where twa
saveshase interfered These phenomena—diitrac-
o and mrerference—are stactdy wave charae-
\cn}t’xcs and would nat accur +f L s ere made up
of individual corpuscles. More than two centuries
u} experiment aad theary assert thae hght winst con-
st af wines Yer Uinsten's Photaclectric Law
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Bt that can only be explained by the wavetheory.
For example the shadows of ozdin:ry objects Tike
bulldings, trees and telegraph poles appeat sharply
{defined; but when a very fine wire of hair 35 hc}d
Jhetween a fight source and a sereen it casts no dis-
tinct shadow whatsoever, suggesting that light rays
ih:u': bent aroand it just as waves of water bend
‘around 2 small rock. Simlarly 2 beam of light pass-
. ing through a round apertare projects a sharply-
* defined disk upon a seveen; buc if che aperture s
reduced to the size of 4 pinhole, then the duk be~
comes ribbed with alternating concentrc bands of
light and darkness, somewhat like those of a conven-
nional target. This phenomenon is hnown as diffrae-
tion and has been compared with the teadency of
ocean waves to bend and div erge on passing through
the narrow mouth of 3 harbor. If instead of one pin-
hale, two pinholes aze employed very close together
and side by side, the diffraction patterns merge in
+ aseries of paratlel stripes. Just as two wave systems
meetng in 3 swimming pool will remforee each
uther when crest coinerdes wich crest and annul each
orther when the crest of one wave meets the trough
of another, so in the case of the adjacent pinholes
Ehc bright stripes occur where tao bight waves re-
inforce each ather and the darck stripes where two
waves have interfered, These phenomena—diffrac-
Atinn and interference—are stnctly wave charac-
tersties and would not oceur if light were made up
of individuat corpuscles. More than two centuries
of experiment and theory assert that light mest con.
sist of waves. Yer Finstein's Photeelectric Law
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tways 3 definive posicion in space; the electron ap-
parensly has not. A hard sphere takes upa very defi-
nite amount of room, an electron—well it is prob-
‘ably as meaningless to discuss how much room an
electron takes up as it is to discuss how much rooma
{{ear, an ansicty, or an uncercainty takes up.”
; Shortly after de Broglie had his vision of “matter
1yvaves” a Viennese physicist named Schrodinger de-
i veloped the same idez in coherent mathemarical
form, evolving a system that explained quantum
phenomena by attributing specific wave functions
to protons and electrons, This sysiem, known a5
“wave mechanics,” was corroborated in 1927 when
two Americaa scientsts, Davisson and Germer,
proved by experiment that electrons actually do ex-
hibis wave charactenstics. They directed 3 beam
of electrans upon 2 metal crystal and obrained dif-
fractian parerns analogous to those produced when
fight is passed through a pinhole.® Their measure-
ments indicated, moreover, that the wave length of
an electron is of the precise magnitode predicted by
de Broghe's equation, A=ifmy' where o is the
velocity of the electron, s is its mass, and b is
Planck's Constant. But further surpnses were in
store. For subsequent expenments showed that not
only electrons but whole atoms 2nd even molecules
produce wase patrems when diffracted by a eeystal
surface, and that ther wave lengths are exactly
what de Broghie and Schrodinger forecast. And so

* A erystal, breause of Ahe even and brdetty arrangement of Uts e
, Dopeot sloms and Yhe dlaseness of (ete spaang, serves 35 3 hfracs
i tne geating for very short wave lengihs, such a3 those of Nenays
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, 2 crest is ignificant simply because it conains more
moleenles of water than the area you call 2 uoug!x.
! Analogously Born rook the mathematical expression
used by Schrodinger in his equations to denote wave
; function and mterpreted it a5 a “probabilicy” ia o
vatistical semse. That is to say he regarded the fn-
" tensicy of any part of a wave as a measure of the
probable distnbution of pasticles at that point. Thus
he deale with ¢he phenomena of diffraction, which
bitherto only the wave theory could explain, in
terms of the probability of cermain cnepascles—
light quanea or clectrons—following cervain paths
and arriving at certam places. And so “waves of
matter” were reduced to “waves of probability.” It
no longer masters how we visuahze a0 electron of
an atom or 2 probabilicy wave. The equations of
leisenberg and Born fie any picture. And we can, if
we choose, smagine ousselves iving in a universe of
waves, 2 universe of pagtieles, o1 25 one facetious
scientist has phrased ir, 2 universe of “waveicles.”






While quantum physics thus defines with great
securacy the mathematieal seladionships governing
the basic units of radiation and mateer, it further
obscures the true nature of both, Most modern phys-
icists, however, constder jt rather naive to specu-

Yate about the true nature of anything, They are
- po

“positivists”—or “logical empincists”—who con-
tend that a scientist can do ne more than report his
observations. And so if he performs two experi-
menss with different wstruments and one seems 1o
reveal that hght is made np of particles and the other
thae ght is made up of waves, he must accept both
results, them not a5 dictory but as
complementary. By weself neither concepr suffices to
explain light, bur together they do. Both are neces- .
sary to describe reality and it is meaningless to sk
which is really true. For in the sbstract lexicon of
quanrum physics there 1 no such word 35 “really.”
Tt is fuule, moreover, to hope that the invention
of more Jelicate tools may enable man to penetrate
much farther into the microcosm. There is an in-

; dererminacy about all the events of the aromic uni-

sesse which refinements of measarement and obser-

vation can never dispel. The element of caprice in

aramie behaviar cannot be blamed on man's coarse-
grained implements. It stems from the very nsture
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rendered visible only by the high-frequency g{,\mﬂ?ﬁ
1ays of radium. But the phomdec(ﬁc effect, it }\1!‘
be recalled, showed that photons of ordinary ligh
exerca violent foree on electrons, and X-tays knoc!
them about even more roughly, Hence the impact
of a still more potent gamma ray would prove dis-
astrous. .

The Principle of Uncertainty asserrs therefore
that it is absolutely and forever impossible to deter-
mine the position and the velocity of an electron
at the same time—to state confidently that an elec-
tron is “right here at this spot” and is moving at
“such and such a speed.” For by the very act of
observing its position, 1ts velocity is changed, and,
conversely, the more accurately its velocity is deter-
wined, the more indefinite its position becomes. And
when the physicist computes the mathematical mar-
gin of uncertainty in his measurements of an clec
tron’s position and velocity he finds it is abways :
function of that mysterious quantity—Planck’
Constant, f.

. . 3

Quantum physics thus demolishes two pillars of
the old science, causality and determination. For
by dealing 1 terms of statistics and probabilities it
abandons all idea thar nature extubus an inexorable
sequence of cause and effect. And by s admission
of margins of uncerramty 1t yields up the ancient
hope that science, given the present state and veloc.
ity of every material body in the universe, can fore
cast the history of the universe for all time. One by

,
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proved. The aim of the Practical Physicist, there
fore, is to enunciges the Jaws of napyre In ever more
Precise mathematica] terms, Where the nineteenth

1nd, with this metay
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proved. The fim of the practical ghysicis, there-
fore, js to enunciate the laws of nature in. ever more
precise mathematical terms. Where t}m mnctccm_h
century physicist envisaged ?Iccmmry as a fluid
and, with this metaphor in mind, evolved the laws
that generated our preseat clectrical age, the twen~
tieth century physicist tends to avoid metaphars.
He knows that electricity js not 3 fluid, and he
knows that such pictorial concepts as “waves” and
“particles,” while serving as guideposts to new dis-
covery, must not be accepted as accurate repre-
sentations of seality. In the abstract linguage of
mathematics he can describe how things behave
though he does not know—or need to know—what
they are. .
Vet there are present-day physicists to whom the
void between science and reality presents a chal-
lenge Eanstein has more than once expressed the
hope that the statistical method of quantum physics
would prove a temporary expedient. *I cannot lie-
lieve," he says, “that God plays dice wuith the-
wortd” e repudiares the postrivist doctrine thar
science can only report and correlate che results of
observation. 1le believes 1n 2 unis erse of order and
harmony. And he beheves that questing man may
yer artain 2 knowledge of physical reahty. To this
end he has looked not within the atom, but autward
1o the stars, and beyond them to the vast drowned
depths of empry space and time.
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‘i mote genera] terms: mechanical laws which are
fvabd o on¢ plice are equally valid i any other
Place which moves uniformly telative to the firge,
! : * * .
The philosophical impartance ¢
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had argued that the mere separation of bodies by
Jistance proved the existence of 2 medium between
them, And to eighteenth and nineteenth century
Physicists it was obvious that if light cousisted of
waves, there must be some medium to support them,
just as warer propagates the waves of the sea and
2t transmits the vibrations we call sound. Hence *
when experiments showed that light can tavel in
2 vacuum, scientists evolved a hypothetical sub-
stance called “ether” which they decided must pec-

_vade o)l space and mateer. Later on Faraday pro-

pounded apother kind of ether as the carrier of
Z’Iccm'c and magnetc forces. When Maxwell finally
demified light as an elecrromagnetic disturbance
the case for the ether seemed assured.

. . *

A universe permeated with an invisible medinm
in which the stars wandered gnd through which
light traveled Iike vibrations in 2 bowl of jelly was
the end product of Newtonian physics. It provided
a mechameal model for ol known phenomena of
nature, and it provided the fixed frame of reference,
the ahsolute and immovable space, which Newton's

. cosmology required. Vet vhe ether presented certain

prf)b}ems. nor the least of which was that its actual
#xistence had never been proved. To discover once
and for all whether there really was any such thing
as ether, two Amenican physicists, A. A. Michelson
and E. W. Marley, performed 2 classic expetiment
in Qleveland in the year 1881,

The prnciple underlyng their expetiment was
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quite simpie. They reasoned chat ifall space is sim-
ply 2 motiontess sea of ether, then the earth’s motion
thsough the ether should be detectatle and measur-
able in the same way thay sailors measure the v;loc-
ity of o ship through the sca. As Newton pointed
| ous, it is impossible to deect the fmovement of a
l stip through calm waters by any mf.chamcnl ex-
! periment performed inside the ship. Sailors ascertain
" a ship's speed by throwing 3 log overboard and
warching the unrecling of the knots on the log line.
Hence to detect the carth’s motion through the
ether sea, Michelson and Morley threw 2 “log” over-
board, and the log was 2 beam of light. For if tighe
really is propagated through the ether, then its ve-
focny shoutd be affected by the ether stream arising
from the zarths movement. Specifically a light ray
projected in the direction of the earth’s movemenr
should be shghly retarded by the ether flow, juse
as a swimmer is retarded by a current when going
upstream. The difference would be shghe, for the
velocity of Yight (which was accurately determined
in 1849) is 186,284 miles a second, while the velocity
"~ of the casth i s orbt around the sun 15 only 20
mifes 2 second Hence a light tay sent agamnst the
ether stream should travel ar the rate of 186,264
wiles a second, w hile one sent with the ether stream
should be clocked at 186,304 mules a second. With
these ideas in mind Michelson and Meorley con-
structed an instrument of such great delicacy that
it could detect a vartion of even a fraction of a
mile per second in the enormous veloeny of hghe,
This instrument, whnch they called an “interfero-

-
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The Michelson-Morley interferometer consisted of an ar-
rungement of mrrors, so designed that a beam transmitted
irom a light source (above left) was divided and sent in
two directwons at the same trme, This was done by a mirrer,
A, the face of which was only thinly sivered, so that part
of the beam was permitted 10 pass through to murror €
(right} and the remander reflected at ripht angles toward
mifrror B. Murors B and C then reflected the vuys back to
mirror A where, reunited, they proceeded to an observing
telescope T Since the beam ACT had to pass three times
through the thickness of glass behind the reflecting face of
mirser A, a clear glass plate of equal thickness was placed
between A and B to intercept beam ABT and compensate
for this retardation. The whole apparatus Wwas rotated in
different directions so that the beams ABT and ACT could
be sent with, against, and ot right angles (o the postufated
cther stream At first glance st might appear that a trip
“downstream,” for example from 8 10 A, should campen-
sale in time for an “npstream” tnp from A to B Bur thss
is not so. To row 2 boat one mye upstream and another
mile downstream ftokes Jonger than rowing two nuldes in
stsll water or across curfent, even with allowance for daft.
Had there been any dereleration or setardsfion of cuher
beam by the cther stream, the optical apparatus at T would

have detected it.
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aht rays that left their souree in 1912, Whether
\rorarus even exists “now” nature forbids us to
now until 1988,

P -
Despite such refiections it is difficult for .canh- :
bound man to accept the idea that this very instant
which hie calls “sow” cannot apply to the universe
as 2 whole. Yet ia the Special Theary of Reladvity
‘Einstein proves by aan unanswerable sequence of

, O

: f events uking place simultaneously in unrelated
£

systems. His argument unfolds along the following
 Tines.
“To begin with one must realize that the scientist,
whase task it is to deseribe physieal events in objec-
tive terms, cannot use subjective words like “this,”
“here,” and “naw.” For him concepts of space and
time rake on physical significance only when the
relations between events and systems are defined.
And it is constandly necessary for him, in dealing
with matters involving complex forms of motion {2s
in eelestial mechanics, electrodynamics, etc.) to re-
Late the magnitudes found in one system with those
otenrrmg in 2nother, The mathematical laws which
define these relationstups are known as Yaws of trans-
furmmom The smplest transformanon may be
illustrared by 1 man promenadiag on the deck of 2
shipe if he watks forward slong the deck av the rate
of 3 miles an hour and the shep moves through the
sea at the rate of 12 mules an hour, then the man's
velocity with respect to the sea 15 15 miles an hour;
3 he walks aft bis veloeny sthwive to the sea is of

£

' example and deduction thar it is nonsense to think
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ight rays that left their source in 1912. .thdwt

\rerures even exists “now” nature forbids us to

snow untit 1988, -
o«

Despite such reflections it is difficult for earth-
bdund man to accepe the idea that this very instant
which he calls “now” cannot apply to the universe
252 whole. Yet in the Special Theory of Relaciviry
Einstein proves by an unanswerable sequence of
examsple and deduction that it is nonsense-to think
of events taking place simultzncously in unrelated

 systems. His argument unfolds along the following
Imes.

To begin with one must reatize that the scientist,
swhose task it is to describe physical events in objec-
tive terms, cannot use subjective words like “this,”
“here,” and “now.” For him concepts of space and
time take on physical significance only when the
relations berween events and systems are defined.
And it is constantly necessary for him, in dealing
with marters involving complex forms of motion (as
in celesial mechanics, electrodynamics, ete.) 1o Te-
Yate the magnitudes found in one system with those
occurnng in another, The mathematical laws which

*define these relationships are known a5 laws of trans-
formation. The simplest transformation may be
illustrated by a man promenading on the deck of 1
ship: 1f he walks forw ard along the deck ar the rate
of 3 miles an hour 2nd the ship moves thraugh the
. sea at the rate of 12 nules an hour, then the man’
velociry with respect to the sea s 15 nules an hoyr
1f he walks aft his velocity relanve to the ses is o

5
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ommon center of gravity. Careful analysis of these
noving systems has shown that the Yight from the
ipproaching star in each pair rFaChcs earth at pre-~
il the same velocity 25 the light fnzm the x:cctd-
ing star. Since the velocity of light s a universst
congtant it cannot in Linstein’s ratlway problem be
affected by the velocity of the train. Even if we
imagine that the traia is racing toward dhe signal
Tight at  specd of 10,000 miles a second, the prin~_
ciple of the constancy of the velocity of Tight tells
us that an observer aboard the train will still clock
the speed of the oncoming light beam at precisely
186,284 miles a second, no more, no less,

The drlemma preseated by this situation involves
much more than a Sunday merning newspaper puz-
zle. On the contrary jt poses 2 decp enigma of .
nature. Einstein saw thar the problem hay in the
irreconcilable confhier berween his belief in (1) the
constancy of the velocuy of light, and (2) the prin-
ciple of the addinon of velocities. Although the
larter appeass to rest on the stemn logic of mathe-
watics (i e., that two plus two makes four), Einstein
secognized in the former a fundamental law of
nature. He concluded, therefore, that a new trans-
formation rute must be found to enable the scientist
1o describe the relations between moving systems
v such a way that the results satisty the known facts
about light,

P

Eenstein found what he wanted in a series of equa-

tions developed by the grear Durch physicise, H. AL

11y
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common eesser of gravity, Careful aqalysis of these
maving syseers bag shown thar the ight from the
approaching star in each payr r'cac‘hcs varth ot pre-
siscly the sume velocity 25 the light Erom the reced-
ing sut, Sioce the veloshy of Vight s & universal
constank i cannat in Einviein's raifway problem be
affected by the vedocity of the rrain. Even if we

imagine that e train is racing rowsrd the signat
Tight 2t 2 speed of 10,000 miles 2 second, the prins
siple of the constancy of the velonay of light welis
s shat an observer sboard she train will still dlock
the speed of che oncommg light beam at precisely
186,254 roiles 4 second, no more, na less
" The dilemma presented by this sitvation involves
meh more than s Sunday morning newespaper puz-
de. On the conwrary it poses 2 deep enigma of
nature. Binstein saw thas the problem lay in the
irreconcilable conflice besween his beliaf in (1) the
constancy of the velocity of light, and (2) the pria-
ciple of the addition of velocities. Although the
favter appears to rest on the stern logie of mashe-
mates (3 ¢, that twe plos vwo makes four), Tapstein
recognized ir the former 2 fundsmental law of
fature. Yo concluded, therefote, that 2 new wans-
formation rule must be found ra ensble the scientist
1o describe the relations herween moving syesms
i sycha way thar the resubts sousfy the known facts
abont tighe,
.o e
Tinstein found what he wanted in 2 series of zqua.
wons devaloped by dhe grear Duch ploysics, B AL
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o Gushes tay be regarded simulraneous. Now
L tesia roars down che track, and a second observer
i st precariously perchied atop one of the cars
with a murror apparatus just ke the one on the
embankment, It happens that ks faoving observer
$inds himself dueetly apposite the abserver on the
embankment at the precise instint the lighting
bolishit A 2and B, The question is will the fightning
Bashes appear simultaneous to him? The answer is
they will not. For if kis tezin is macing away from
lightaing bolt B and toward lighening bale A, then
itis obyious that B will be reflected in his mirrors a
fraction of a second later than A. Lest there be any
doabt about this, one may imagine remporarily that
the train is moving at the mpossible rate of 166,264
miles 2 second, the velociey of light. Tn that event
flash B, travebing at precisely the same velocity 2
flash A, will never be reflecced in the mirrors at att
because it wilf never be able to overtake the traic
So the observer on the traie will asserc that only one
lightning bolt struck the teack, And whatever the
speed of the trainy may be the moving observer will
always jasist tha the lightaing fash shead of him
s struck the wrack fire, Hence the lightning
fiashes whieh ate simulraneous relaave to the sta-
sionary observer are s7or spuleaneous relative to the
alserser on the .

The paradox of the Lyghtmng Bashes thus drama-
ti2es one of the subtlest and most difficult concepts
is Lansten's phalosophy  the relatvity of simultas
neity, 1 shows that man cannot sssume that bis
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Lorencz, in conneetion with a speeific theory of bis *
own. Although its original application is of interest
now chiefly to scientific fustorians, the Lorent ©
transformation hives on as part of the marhamatieal”,
framework of Relativiy. To understand what &
says, however, it 1 first necessary to pereeve the’
flaws in the old prineiple of the addmon of »clod-
ues. These fins Linstain pownted our by means of
still another ruhway amecdore, Once agan he en-
visaged a stranght Jength ot trach, rhus ume with an
observer situng on an embanhment besde o A
thanderstorm breaks, and two bolts of hghumng
strike the track smultancoushy ar separate paings,

W

Aand B Nene b Lo vihe do we v by
To prr dowa dios dogean he

“symultancausly
assumes that the observer s e precec's hodf
way between Aand Bondeb e Pon congd wath
n '.trrmgumnr of murrocs v ot we

A and B oar the came e b o0 e,

Then of the bghtnmg frebos e R R
server’s mrroes it prumh he oo s the
g
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0 fashes may be regarded as simuleaneous. Now
2 triin foars down the mack, and a second observer
s siring precarioudly pecched atop one of the cars
with a mirror apparatus just Uke the one on the
embantknent. Tt happens that this maving abserver
finds Bimself directly opposite the obsesver on the
embnkment at the precise frtant she Jighwing
oles it A and B, The question is: will the lightoing
Rashes appear simulraneous to him? The snswer is:
they will not, For if his train is moving away from
tighraing bolt B and towaed tighaing bolt A, then
it Is obvjous that B will be reflected in his mirrors a
fravtion of 3 second fater vhan A, Lest there be any

doubit about this, o may 1magine temporasily that

the train 18 moving at the mpossible rate of 186,264

wiles 3 second, the velocity of Yight. In that event

flash B, eravehng at preossely the same velocity s

finh A, will ncver be reflected in the mirrors ot all

because it will mever be able to overake the teainl.

Sothe observer on the train will assert thae auly one

bghtning bt swack she erack, And whatever the

speed of the teawn may be the moving vbserver will

atuays fasist that the bghtning flash shead of him
has struck she ttack fire, Hence the lightoiog
Huhes which are smultaneous relanve to the st
nonwry obserser are 1ot sunultaneons relative to ;hc
olserter on the teun,

The paradox nf the bghtrung flashes thus drama-
tes une of the subtiest and most difficuit conceps
in Lingte's phatosophy  the relanvity of simultns
By Woshows that man eanoet wssume that b

x
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Lorentz, in connection with a specific theory of his
own. Alchough its original application is of interes:
now chiefly to sciemific historians, the Lorenz
transformation lives on as part of the mathematics!
framework of Relativity, To understand what i
says, however, it is first necessary to perceive the
flaws fn the old principle of the addition of velod-
ties. These faws Einstein pointed out by means of -
still another railway anecdore, Once again he en-
visagred a straight lengah of erack, this ume with an
observer situng on an embankment beside it A
thunderstarm breaks, and two bolts of lightning
strike the track simultancously at separate poiws,-

A and B. Now, asks T invtan, what do we mean by
“simultancomsly’™ To pm down ths definmon he
assumes that the obserser » sitting precnely half
way berween A and B, and that he » equupped with
an arrangement of mirrars which cnable him ro see
A and B ar the same time without moving hs eyes.
Then if the bghtning flashes are vefleeted i the ob-
server’s murrors at precisely the same mstane, the

L
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sccording to the velocity of each system of sefer-
ence,*

So although Lorentz had originally developed his
equatians to et a specific problem, Einstein made
them the basis of a tremendous generalization, and o

*The Lorertz transformation Telates dutantes and times obsened
on moving syitemt with those observed on systems relatively at
st Suppese, for example, that & system, or reference body, 13
moving In & tertain direction, then aeeording to the old principle
of the addition of velocitses, a distance ge length 2, measured with
respect fo the moving systers alosg the direction of motion, i re-
ated to lenplh 3, meswured with fespect to 3 selatively stationary
system, by the equation £ == x = ¢ where 2 is the velouty af
1he roving sy*tem and # s the kime Dimensions ¥ and ¢/, messursd
with respect to the waving systems at night adgles to 3" and at nzht
Angles (o each other (re., hesght and breadth}, are related to dunen-
nony ¥ and 2 on Ahe meatively tisvonary witem by ¥ = ¥, and
2" = 2. And nally 2 tume foterval U, clocked wuh respect ta the
moving system, 5 related to Bime inteeval £, clocked with fespect
ta the relatively stationsey system, by ¢ == ¢ In other words, dis-
unees o tumes are not allected, i dlassical Phymes, by the velocuy
of the system In question But oL 9 thiy presupposition whick leads
Lo the paradox of the bghtning flashes The Lotentz transformation
redaten the distatices and bimes observed on moving systems to the
canditians of the stationary observer, keeping the veloaty of bght
£aconstant for al) observers Here are the cquations of the Lorentr

tsansformation which bave supplimted the older and evidently in-
adequate telationsbups cited abare

1~ (r/chyx

ST Saa)

i t'o;l e noted that, s 1n the old transtorgation kaw, dumen-
£0r1 4 and 2f wee unafiscted B weton Tt Wi alio be xeen Tt
\fv\kr Moty of the moaing svtem v s small relatne to the
eloct'y of Light €, then she equations of 1he Lorentz trangormation
,e’v'm temuchies 1o the relatioms of the ol ! princple of the add-
tral sclotitaes But as she maznitude of v approaches that of €
Wnake valus of 2 and £ ate radically chang
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iecording to the velocity of each system of refer-
S

ce.” .

So although Lorentz had originally developed his
equations to meet a specific problem, TFinstein made
them the basis of a tremendous generatization, and to

¢ The Lorentz transformation relates distances and Umes observed
on moving sytlems with those observed on systers relatively at
yet. Suppose, for example, that a system, or reference body, 1
moving in 2 teran direction, then according to the old principle
of the adduion of velochites, & distance o fength 2, measured with
Tespect 10 the moving system along the directian of metion, i re-
Tated to lenath ¥, mearured with respect to a refatively stationary
aystem, by the equation £ = 3 = t} where v 18 the velocity of
the moving system and § is the tuue, Dimensions 4" and =, mea ured
with tepect 1o the rooving system at right angles to ¥ and at nght
amyles 10 each otber (Le. beight and breadth), are related to dimen-
slons y and = on (he relatively statwonary system by %" = ¥, and
B And firadlly & ume interval t', dlocked wath respect to the
ng system, it felated 1o time interval 8, clocked with respect
10 the relatvely Stalonary system, by ' = ¢ In other words, di
tances 14 tmes are not afiected, m clasucal physics, by the veloaty
of the vystem in question But st uf this presuppositton swhich feads
1o the pargdox of the lightring flashes. The Lotentz transformation
Tedures the ditances and times observed on moving systems to the
tontitions of the statonary observer, keeping the veloaty of hght
€ u conetart far all obwervers Here are the equations of the Loreatz

trawlormation which bhave supplanted the older and evidently in-
adequate refationehsps ated above

mow

T WU te noted that, & 1 the obd transforgaton liw, dumen-
»3ns 3 and 2 are unaflectmt by moton Tt Wil also be seen that
H e Aoty of (ke moving watem v e small relatne ta the
veleciy ot habt ¢, then the equatians of the Lorents transfanration

17 ice fherachyea Lo the telations af e ol principle of the add,.
Uon el seloction But as the mazmitude of v approaches that of ¢
Ui e natims of ¥ avd ¢ are radially ehansed '
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subjective sense of “now™ applics to all parts of the
universe, For, Einstein points out, “every reference
body (or coordinate system) has its own parricutar
time; unless we ase told the reference body ro which
the statement of time refers, there is no meaning in
a statement of the time of an event.” The fallacy in
the old principle of the addition of velocities les
therefore in uts tacit assumption thar the duration of
an event is independent of the state of motion of |
the system of reference. In the cune of the man
pacing the deck of a ship, for example, e was a5
sumed that of he walked rhree miles m one hour s
timed by a clock on the moying hip, his rate would
be just the same timed by a stanonary clock an-
chored somehow mn the sea, Tt was further assumed
thar the distance he trascrsed m one hour would
have the same value whether 18 was measured refa
tive to the dech of the shup (the moving swstem) or
relatve to the sea (the stanontry svarem) This con-
stitures a second fallicy i dhe wdhdiion of velocings
~—for distance, hke tung, 1 5 rddabve concepr, and
there 15 no such thing as 1upce eirerad mdependent
of the state of mouen of the system of reference.
Tinstein asserred, thoretore, thit the scientint who
wishes ro descrtbe the pheonomans of nature in rerms
thng are comstent for Al systais throughout the
universe must regard me surcmenrs of ume and dise
tance as vanable quannties Fhe cquanions comprs-
ing the Lorenuz wansformnnen du pet thae They
preserve the sclacity of hght o 1umuerail comnint,
but modxf)‘ all megsurements of tune and distance

3]



‘Theso truths can be described in very concrete
terms. For once he had evolved the philosophicat
- and mathemaricad bases of Relativity, Einstein bad
to bring them into the laboratory, where abstrac-
tions fike time and space ate harnessed by means of
clocks and measuring rods. And so uans\n“ng his
basse ideas about time and space 1o the language
of the laboratory, he pointed out some hitherto un-
suspected properues of clocks and rods. For exam-
ples 2 clock attached to any tmoving system runs at
;2 different thythm {rom 4 statonary clock; and &
r measuring fod attached to any moving system
chznzu its length according to the velocity of the
+ system. Spearfically the clock slows down a5 its
H sefocity increases, and the measuring rod shrinks in
the direcnian of its motion. These peculiar changes
. have nothing 1o do with the construction of the
{ clock or the compesttion of the rod. The clock can
&1)3 a pendulum clock, a spring clock, ot an hour
ghss The measuring rod can be a wooden ruler, 2
! metal yardsack, or a ten-mile cable. The slowing
i of the dock and the contraction of the rod are not
» mechanical phenomena; an observer tiding along
i \\nh the clock and the measuring rod w n“\d not

R suuomry celative to the moving system, w ouki fint

&
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the edifice of Relatnaty added another aviom: the
laws of nature preserie thar wnifermuty in all svs-
tems when related by the Lorentz transformarion.

Stared thuson the abstract language of mathematics

the ssgmficance of this astom can scareely be appar-
ent to the lanman Bur v plvses an equation s
never 3 pure abaracton O msanph 4 hund of shore-
hand expresston which the sciennst finds eomentent
to describe the phenomena of nure Sometmes it
15 also a Rosetta brone i which the theorenieal physs
tenst can decipher secrer rodin of hnow ledge. And
so by deduction trom the mos e writen the
cquanans of the Lotent, f1stomnton, 1 nsten

disconered 3 pumber of nca amd arcwnhkaay

truths about the physc i unoee
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and that 2 clock keeps the same rhythm in motion
20d 3t rest. Coramon sense dictates that this must
be so. But a5 Tinstein hes pointed our, common
sense is actually nothing more than o deposic of
peejodices haid down in the mind prior Yo x'hc age
of cighteen. Every new idea one encounters in layer
years tmust combat this accretion of “self-evident”
coneeprs. And it 1 breavse of Birstein’s vowilling-
eSS CVer to accept any unproven principle as self-
evident thar he was able 1o penetrate closer to the .
waderlying realivies of nature thon any scienist be-
fare him. Why, he asked, is it any more strange to
assumme that moviag clocks slaw down and moving
rods contrace, than 1o assure that they don’r? The
reason classical physics took the latter view for
grantzd is thae man, in his everyday experience,
never encounters veloguies great enough to make
these changes manifest. In an avtomobile, an air- -
plane, even i 3 V-2 rocket, the slowing down of a
watch is nmeasurable. It is only when velotities
appraximate thac of fight that relasivisne effcers
eanbe detected. The equations of the Lorentz trans-
fammanen show very plamly that at ordinscy speeds
themodificanon of tine and space fntervals 2mausrs ~
practically 1o 7ero. Relasivity does not therefore
cantradier classical physies, Tt simply regards the
ald concepts 25 umited cases that apply solely o
the faaular expesiences of man.

. Y 3

Tinurein thus surmoants the barnier reared by
wan's wpulee 10 define reatiey solely ashe nrend
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with the predictons of Tinstein’s cquati&ms._ Some-
day science may devise a far more interesting test
of the same principle. Since any periodic motion
serves to measure time, the human heart, Finstein
has pointed out, is also a kind of clock. Hence, ac- !
. cording to Relativity, the heartbeat of,a person -
traveling with a velocity elose to that of light would
e eelatively slowed, along with his respiration and
all other physiologicat processes. He would not no-
tice this rerardation because his watch would slow
down in the same degree. But judged by 2 station-
ary timekeeper he would “grow old” fess rapidly.
Tn 2 Ruek Rogers realm of faneasy, it is possible to
imagine some future cosmic explorer boarding an
aom-propelied space ship, ranging the void ac
167,000 miles per second, and returning to earch

after ten terrestrial years to find himself physically
onty five years older, .
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with the predictions of Einsteins cquazipns. Some-
day science may devise a far more interesting test
of the same principle. Since any pesiedic motfon
serves to measure time, the human heart, Einstein
has pointed out, is also 2 Lind of clock. Henee, ac~
cording to Relativity, the heartbeat of, 3 pemson
traveling with 2 velocity close to that of light would
be relatively slowed, slong with his respiration and
A other physiologieal processes. He would not no-
tice this retardazion because his warch would slow
down in the same degrec. But judged by a station.
ary timekeeper he would “graw old” Yess rapidly,
22 Bock Rogees reshr of fencasy, icfs gosible o
imagine some furure cosmic explorer boarding an
wom-propalied space stup, ranging the void g
167,000 miles per second, and rerurning to eanhy

after ten terrestrial years to find himself physica\ly
only five years older, . -
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order to describe the mechanics of the physiga\

wiverse, three quantities are required: time,
ance, and mass. Since time and distarice are rela-
ive quintitics one might guess that the mass of a
body also varies with its state of motion. And in-
decd the most important practical results of Rela-
tivity have arisen from this principle—the relativity
of mass,

In its popular sense, “mass” is just another word
for “weight.” But as used by the physicist, it de-
notes a rather different and more fundamental prop-
erty of marter namely, resistance to a change of
motion, A greater force is necessaty to move a
freight car than a velocipede; the freight car resists
mation mote stubboroly than the tclocipede be-
cause 1t has grexter mass. In classieal physics the
mass of any body is a fixed and unchanging prop-
erty. Thus the mass of a freipht car should remain
the same whether it 15 at rest on a siding, rolling
across country at 60 mules an hour, or hurtling
through outer space at 60,000 mules a second. Bu
Refannaty asserts thae the mass of 2 moving body is
by no means constant, but increases with its veloe.
ity. The otd physies €aled to discover Wis fact sim-
ply because man's senses and instroments are oo
crude ta note the mfinitesimal increases of mass pro-
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fruifally agplied by experimentat physicists, Elee-
rons mgﬁ;‘; in yo)wﬁf}:)! clectrical fields afxd bets
gartcles €jected from the nuclel of radioactive sub-
sunces srtain 1elocities ranging up w 99 per cent
that of light, For atomic physicists concerned with
these great speeds, the increase of wass \xtdme.d.by
Relativity s no argusble theory bat an empidcal .
facy theie cateulations cannot sgoote. In fact the

haries of the proton-syncheotren and ather
new supet-entsgy machines are designed to allow
for the increasing mass of particles as their speed
approaches the velocity of light.

By further deduction from his prineiple of Rela-
tivity of mass, Einstein arrived at a conclusion of
ineslewlable mmportance to the world. Fis train of
stasoning £an somew bat 23 follows: since vhe mass
of 3 moving body increases as irs motion increases,

and siace motion 1 a form of eneegy {Kinetic en-
ergy), then the inereased mass of a moving body
comes from its wercased energy. In shorr, energy
has mass! By a few compacatevely simple mathemat-
tedl steps, Linseesn found the value of the equivalent
priass 7 in any wiwt of enetgy E and expressed it by
the equation ri=L/o. Given this relation a high
school frestuman can 2ake che remaining algebraic
SR NECERAFY 0 W ite the most important and ces-
tainly the most famous equation in histoty: E=me

The part plived by the equanon in the develop.
tene ef the stonne bomb o famiar w0 most news.
payer readers I states w the shorthand of physis
that the eneryy contamed w any parucle of maceer
» equal 1w the mass of that body (a geams) mult-
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of sarure are sesolved The baffing incerplay of
matter and radution which appears somesimes to be
1 concourse of particles and sometimes 2 meeting of
waves, becomes mare understaadable, The dust role
of the electron 25 2 unit of matter a0d 2 unit of elec-
tricity, the wave electron, the photon, waves of
marter, waves of probability, 2 universe of waves—
M these scem less paradosical, For all these concepts
simply deseribe different manifestations of the same
underlying realiry, and it no fonger makes sense to
a5k what any one of them “really™ is. Matrer and
enerpy are interchangeable, If marter sheds irs mass
and wravels with the speed of light we call it radia-
tion or encrgy  And eonversely if energy congeals
3nd beeomes mert 20d we can ascertain its mass we
call it mazter. Tlererofore scrence could only note
their ephemeral properties and relations a5 they
souched the pereeptions of carthbound man, Ba
smee July 16, 1945 man has been able to transform
one o the other. or on thar night at Almo-
porde, New Mexico, man for the first time trans-
truted 3 subwantoal quantity of matter into the hght,
heat, sound, snd motion which we call energy.
¢ e s

Ve the fuadupental mysterv reanns, The whole
mrrch of seience toward the umfication of conceprs
~the reduction of all matter to elements and then
taden v pes of parneles. the reduction of “forees”
t the smgle eoneept “energy,” and then she redue.
s of matter and encsgy 1o a single basic quanticy
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leads Still to he nknoy, The may,
CIge into one, ¢ Which 4 °re may Rever b,
Mswer, | hat j the Ssence o, his a&s‘-energy '
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SIC prip, les of the relatiy;, of nce, tim,
d mg, and deductions from ¢ hese Principle:
Comprise Why 100 a5 the Speciyy Theory of
€ ntiwty In de follomng the Publicarion
of this Origing] v Iy EXpand, his Scientifie and
pi Jlosoplucal System the Chiery] Thcory f
Iativity, througp, ch he oy Med che myste.
I0US foree th; s the uhu—lmg of the stars,
Comers, Meteors, 165, and o th Movipe
Ystems of Iron apor, ap, i the jm, R
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~leads still to the unknown. The many questio
merge into one, to which there may never.be
answer: what is the essence of this mass-energy su
stance, what is the underlying stratum of physi
reality which science seeks to explore? K

Thus Relativity, ke the Quantum. Theor
draws man’s intellect still farther away from the
Newtonian umverse, firmly rooted in space and
time and funceioning like some great, unerring, and
manageable machine. Einstein’s faws of motion, his
basic principles of the relativity of distance, tine,
and mass, and his deductions from these principles
comprise what s known as the Special Theory of
Relativity. In the decade following the publication
of this original work, he expanded his scientific and
philosophical system into the General Theory of
Relativity, through which he esamined the mysce:
rions force that goides the whirlmg of the stars
comets, meteors, and galaxics, and all the moving
systems of iron, stone, vapor, and flame mn the im-
mense inscrurable void Newton called this force
“universal gravitation.” From s own coneept of
pravitanon Emstein attained a view of the vastarchis
tecture and anatomy of the universe as 3 whole
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"The nonmathematician,” says Albert Einstein,
¥is srized by 2 mystetious shuddering when he
liears of ‘four-dimensional” things, by a feeling not
dnlike that awakened by thoughts of the occult.
And yee there is no more commonplace statement
than that the world in which we live is a four-
dimensional space-time continuum.”
A hematician mighr g

use of the term * place” in this o

Yet the difficuley lies more in the wording than the
ideas. Once the meaning of the word “contimmm™
is propesly grasped Eansteln's picture of the uni~
verse as 2 four-dimensi

Einstein's

1 space-time conti
and this is che view that underlies all modern con-
ceprions of the universe—becomes perfectly clear.
i is hing that is

ruler, for example, is 3 one-dimensional space con-
tinuum. Most rulers are divided o inches and frac-
tions sealed down to one-sixteenth of an inch.

But it is possible to {magine a ruler calibrated 1o
2 miiffionth or a tnllionth of an tnch, Tn theory there
is no reason why the steps from point to point
shoutd not be even smaller. The dunnguishing char-
acteristic of a continuum 1« the the weerval separac-
g any two ponts way be divided 1nto an infinire
! numbers of arbarranly small e

A ratfrowd rrack 15 a one-dunensional space con

1
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be imagined and it con be represented mathematica
Iy And in order to describe the stupendous reacht
of the universe beyond our solar system, beyond th
clusters and star clouds of che Milky Way, beyon
the lonely outer galaxies burning in the void, th
scientist must visualize it all as a continuum in thre
dimensions of space and one of tme. In our mind
we tend to separate these dimensions; we have a
awareness of space and an awareness of time. Bu
the separation is purely subjective, and as the Spe
cial Theory of Relativity showed, space and tm
separately are relative quantities which vary witl
individual observers. In any objective descriptiono
the universe, such as sclence demands, the tme di
mension can no mere be detached from the spao
dimension thas length can be detached from breadd
and thickness in an accurate sepsescntation of ¢
house, a tree, or Berty Grable. According to tht
great German mathematician, Herman Minkowski
who developed the mathematics of the space-tiny
continuum as a convenient medium for expressing
the principles of Relanvity, “space and time
separately have vanished into the merese shadows
and anly a sort of combination of the rwo preserves
any reality.”

It must not be thought, how ever, thar the space-
time continuum is simply a mathematical construe-
don. The world #s 1 space-time continuum; all
seality exists both in space and in ame, and the two
are indivisible. Al} measurements of nme are really
measurements in space, and converscly measure-
ments in space depend on measurements of time.

76
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Seconds, minates, hours, days, weeks, 1'"0‘“[}’5"5?‘“
50T, YEATS, ATE THEASIEIENTS of the earth’s position
in space relatise to the sun, moon, and stars. Simi-
larly latitude and longitude, the terms whercby man
defines his spavis) position on earth, are measured in
minutes and seconds, and ro compute them ac- .
curaeely one rmust know the time of day and the
day of the year. Such “landmarks” as the Equator,
the Tropic of Cancer, or the Arctic Circle are |
simply sundials which clock the changing seasons;
and Prime Mendian i a co-ordinate of daily time;
and “noon” js nothing more chan an angle of the
sun.

Lven 50, the equivalence of space and time be-
comes really clear only when one contemplates the
stars. Among the familiar constellanons, some are
“real” in that their component stars comprise true-
gravitational systemus, moving in an orderly fashion
selative to one another; others are only apparent—
thejr paterns are accidents of perspective, created
by a seeming adjacency of uarelated stars along the
line of sighe. Within such optical constellations one
may obsers¢ two stars of equal brightness and assert
that they are “side by side” n the firmament, where-
as in scrualiy one may be 40 Yight years and the
other 400 hght years away.

Qbviousty the astronomer has to'thunk of the uni-
e 45 3 space-time continuam. When he peers
hrough dus telescope hie Yooks not only ourward in
space but brchward in time. His sensitive cameras
can detect the glimmer of island universses 560 mit
hon fight years away—Saint gleams thar began thel

7
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In the Speciol Theory of Relativity, Einstein shud-
itd the phenomenon of motion and showed that
there appears to be no fived standard in the universe
by which man can judge the “absolute™ motion of
the earth or of any other moving system, Motion
cant be decected anly as 2 change of position with
respect to another body. WVe know for example that
the carth is moving around the sun at the rate of
twenty miles asecond. The changing seasons suggest
this face. Bur until four hundred years ago men
thought the shifting position of the sun in the sky
resealed the sun’s movement around the earth; and
on this ption ancient ast developed 2
perfectly pracucal system of celestial mechanics
which enabled them to predict with great accuracy
2l the major phenomena of the heavens, Their sup-
position was a natural one, for we can’t feel our
motion through space; nor has any physical experi-
ment ever proted thae the earth actually s in mo-
tion. And though ali the other planets, stars, galaxies,
2nd moving systems 1 the universe ase ceasclessly,
restlescly changing position, their movements are
ohservable only with respect to one another. If alf
the olijeats in the unerse were removed save one,’
then na one could say whether that one remaining
object was at rese ar hurthng through the void at

19
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journey at a period of terrestrial time when the fisst
vertebrates were starting to crawl from warm Paleor
zoic, seas onto the young continents of Farth, His
spectroscope tells him, morcover, that these huge
outer systems are hurding into limbo, away from
our own galaxy, at incredible velocitics ranging up
to 35,000 miles a second. Or, more precisely, they
awere receding from us 500 million years ago. Where
they are “now,” or whether they even evist “now,”
no one can say. If we break down our picture of the
univesse into three subjective dimensions of space
and one of local time, then these galaxies have no
abjective existence save as faint smudges of ancient
enfecbled light on a phorographic plate. They at-
tain physical reality only in their proper frame of
reference, which 15 che four-dimensional space-time

continuum,
L3 * *

In mauw’s brief tenancy on earth he cgocentrically
orders events in his mind according to his own feel-
ings of past, presen, and furare. But except on the
recls of one’s own conciousness, the universe, the
objeciivc world of reality, does not “happen”—it
simply exists. It can be encompassed in its entire
majesty only by a cosmic mtellect. But it can also
be rcprescntcd fymbnhcaﬂy. by a machematician,
as a four-dimensional space-time continuum, An
understanding of the space-time contnuum s requi-
site to a comprehension of the General Theory of
Relativicy and of what it says abous gravitation, the
unseen force that holds the universe tagether and

determines its shape and size,
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In the Speciat Theory of Relativity he had taken a5
his premise the simple assertion thae the laws of nz-
tute are the same for 4] Systems moving uniformly
relatise to one nother, And as 4 steadfase beliover
inthe unky ergy} harmony of naryre he refused to be.
hieve thar Ny system in a stae of nonuniform me.
tion muse e 5 uniquely distinguished System in
which the lay s of nature are differens. Hence as the

35 premise of s General Theory of Relativiry,
he stated: ¢he laws of napyre 2re the same for g
Systems separdless of their stare of mation, In de.
Veloping chis thesis he workeg Out new las of grav-
itation hyef, UPSET most of the concepts thay hyq
shaped man's picture of the universe for three hun-
dred years, -
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100,000 miles a second, Motion is a relative s,
unless there is some system of reference to which it
may be compared, it is meaningless to speak of the
motion of a single body. :
Shorely after publishing the Special Theary of
Relativity, however, Einstein begon wondering if
there is not indeed one kind of motion which may
be considered “absolute” jn that it can be detected
by the physical effect it exerts on the moving system
irself—~ywithout reference o any other system. For
example, an observer in a smoothly running train is
unable to rell by experiments performed inside the
train whether he is in mocion or ac rest. But if the
engineer of the train suddenly applies the brakeser
jerks open the throttle, he will then be made awars,-
by the resulting jolt, of a change s his velocity. And
if the train rounds 2 turn, he will know by the oul
ward tug of his own body, resisting a change of di-
rection, thar the train’s course has been alcered in 2
certain way. Therefore, Einstein reasoned, if only
one object existed in the entire universe—~the carth
for example—~and 1t suddenly began to gyrate ir-
segularly, its inhabitants would be uncomfortably
aware of their motion. This suggests that nonuni-
form motios, such as that produced by forces and
accelerations, may be “absolute™ after all. It alwo
suggrests that cmpty space can serve 25 a system of

" reference within which it is possible to distunguish

absolute motion.

To Fipstein, who held that space 1s nothing and
rmotion is relative, the apparently unique character
of nonuniform motion was profoundly disturbing.
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equal force, move 3t~ dfocities thavare steiedy deter-
mined by their mass® Tv would appeas a5 though the
factor of inerns operates only in 2 horizontal ?hnc:

Newton's solution of this riddle & given in bis
Law of Gravitarion, which sttes simphy that the
mysteriaus force by which o material body atgracs
another body increases with the mass of the abjectit
atraces. The igger the object, the swonger the
il of praviy. If an object is small, its fnertia or
rendency o resise motion is small, but the force thar
gravity exeres upon it 15 2lso small. If an objecr is
big, its inertiz is great, bue the force thac gravity ex-
erts apon it is alsa great. Hence gravity is abways ex-
ered iny the precwe depree necessary 1o ovescome
the inertia of any object. And duat is why 2l ob- -
jeets all ot the same sate, regardless of their inertial
mass.

This eather remarkable coinaidence—she perfect
lance of g and inertia—-veas seeepted on
faith, but never understood or explained, for three
cenruries aftes Newton Al of modern mechanics
and engincenng grew ot of Newtonian concepts,
and she heasens appeared to operste in 2ccordance
with b faws Eamstein, however, whose discoveries
have oll sprang from an inherent distrust of dog-
ma, dishked seseral of Newron's assumptions. He
doylited thar the balance of gravirahon and inentia
was merely gn acaident of nature. And he re-
jevred the sdea of gravstanon being a force that can
be exerted snstantaneously over great distances. The
ponon that the earth can seach aue inte space and

&
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and burn more coal than if the cars are empty. To
his Law of Inertia Newton therefore added a secons
law stating that the amount of force necessary 1o
- accelerate 2 body depends on the mass of the body;
and that if the same force is applied to two bodies of
different masses, then it will produce a greater ac-”
celeration in the smaller body than in the bigger one.
This principle holds true for the whole range of
* man’s everyday experience—~from pushing a baby
" carriage to firing a cannon. It simply generalizes the
, obvious fact that onc can throw a baseball farther
and faster than one can throw a cannonball.

There is, however, one peculiar situation in which
there appears to be no connection between the ac-
celeration of a moving body and its mass, The base-
ball and the cannonball atrain exactly the same e
of acceleration when they are falling. This phenome-
non was first discovered by Gableo, who proved
by experiment that, discounting air resistance,
bodies all fall ar preciscly the same rate regardless
of their size or composicion, A bascball and a hand-
kerchief fall at different speeds only because the
handkerchief offers a larger surface to the resistance
of the air. But objects of comparable shape, such
as 2 marble, a baseball, and a cannonball, fall at the
same rate. (In a vacuum the handkerchief and the
cannonball would fall side by side.) This phenome-
non appears to violate Newton's Law of Incrtis.
For why should all objects travel vertically at the
same velocity regardiess of their size of mass, if chose

same objects, when projected horizontally by an
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in accordance with bis wsual mode of creativa.
thought Finsrein set the suge with an imaginary

siraation. The details have doabriess been envisaged

by many wnother dreamer in restless shumber or in
moments of insomniac fancy. He pictured an im-
mensely hich building and inside it an elevator that
has shpped from us cables and is folling freely.
Within the elevator 4 group of physicists, undis-
turbed by any suspicion that their ride may end in
disaseer, ate performing experiments. They take obe
jects from thewr pockets, 2 fountain pen, 2 coin, 2
hunch of keys, and release them from their grasp.
Nothing happens. The pen, the coin, the keys ap-
pear to the men m the elevator to remain poised in
mid-air—because alt of them are falling, along wich
the elevator and the yen, at precisely the same rate
in accordance with Newton's Law of Gravitation

Swce the men in the elevator are unaware of thei

predicament, however, they may explain these pe-,
cuisr hapy by a diff i

<y
may beliese they have been mngic:“y'tnnspoﬁ:q

outside the gravstanonal field of the earth and are bu, *
fact poised somewhere in empry space. And dhey,
have goad grounds for such a beliet. If one of [ht;n.
yunps from the floor e floats smoothly toward
ceiling with a velocry just proportional to the ¥igor
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1n aceardance with his usual meds of creative
thooght Einstein set the stage with an imaginary -
situation. The details have doubtless been envisaged
Ly many anather dresmer in restless slamber or in
oments of insomnuac fancy. He picrured an jm-
mensely high building and inside 1t an elevator that *
has slipped from its cables and is falling freely.
Within the clevator a group of physicists, undis-
turbed by any suspicion that their fide may end in’
dusaster, 2re performing expenments, They take ob-
jeets from theis pockes, a fountain pen, 2 coin, 2
tiuench of keys, and release them from their grasp.
Nottung happens, The pen, the coin, the keys ap-
pear to the men in the elevaror to remain poised in
mid-air—beesuse all of them are falling, along with
the tlevator and the men, at precisely the same rate
in accardance with Newton’s Law of Gravitation.
Since the men in the elevator are unaware of theic
predicament, however, they may explsin these pe-
culiar happenings by a diff i

P They
may beheve they have been magically transpored

autside the gravicational field of the canth and are in
fact powed somewhese in empty space, And they
fave goad prounds for such a belict. 1t one of them
jurps from the floor he floats smoothly toward thy
ceiling with & velocity just propartional to the vigo:
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There s really o way fot them to tell whether they
are at rest in 4 gravitavionat field or ascending with'
constant aceeleration through outer space where .
there is no gravity av all, .

“The same dilemma would confront them if their
room were attached to the rim of a buge rotating
merry-go-round sec in outer space. They would feel
a strange force trying to pull them away from the
center of the merry-go-tound, and 2 sophisticated
outside obserser would quickly identify this force
2¢ inertia {or, as it is termed in the case of rotating
objects, centrifugal force), But the men inside the
room, who a5 usual are ungware of their odd pre-
dicament, would once again ateribute the force to
gravity, For of the imerior of their room is empry
and unadorned, there will be nothing to tell ther
which is the fioor and which is the ceiling except
the foree that pulls them toward one of its interior
surfaces. So what a detached observer would ealt the
“outside wall” of the rorating room hecomes the
“floar” of the room for the men inside. A moment's
reflection shows that chere is nio “up” or “down” in’
empty space What we on earth call “down” is
simply the direction of gravity. To aman on the sun
it would appear that the Australians, Africans, and
Argentines are hanging by their heels from the
southern hemisphere. By the same token Admiral
Byrd's faghe aver the South Pole was 2 geomerrieal
fietion, actually he flew under it—upside down,
And so the men tnade the room on the merry-go-
raund will find that alt their experiments prodae:
cxactly the same resules as the one they performec






posedly reveal the stare of m\{\'mn gf a blodyy evenif
1t exists alone in space, ate indistinguishable-from
the effects of gravitation. Thus in the case of the
merry-go-round, what one observer identified asthe
pull of inertia or centrifugal force and therefore an
effect of motion, anather observer identified s the
famiiar tug of gravitation. And any other inertial
eficct produced by a ehange of speed or a change
of direction can equatfy well be ascribed to a chang-
ing or fluctuaung gravitational field, So the basic
premise of Relarivity holds true; motion, both wni-
form and nonuniform, can only be judged with re-
spect to some system of reference—~absotute motion
does not est.

The sword with which Tinstein slew the dragon
of absolute moton was gravitation. Bux what is
gravitation® The graviavion of Einstein is some.
thing entirely dufferent from the gravitation of
Newton. Tt 1s not a “force” The idea that bodies of
matter can “attract” one another is, according to
Esnstesn, an usion that has grown out of etroneous
mechameal conceprs of nature. So Jong as one be-
Yieves that the universe 15 2 big machine, 3t is narara
to think thar s vanows pans can exere 2 farce o
one anather. Bur the deeper science probes towar
reahity, the more clearly it appears that the univers
s not bhe & machuine ar all. So Emscein’s Law ot
Gravitation contains nothung about foree, 1t de.
scribes the behavior of objeets in a gravitational fetd
—the plancts, for example—nat in terms of “attrac-
ton” but smply 1n terns of the paths they follow,
To Linstem, gravitation s smply part of inertia; the

9
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when their room was being swept “opward”
through space. Thelr feet stay firmly on che “foor”
Solid objects “fall.” And once again they atrribute
ithese phenomena ta the force of gravicy and be-
tieve themselves at rest in a gravitational ficld,

* L3 *

From these fanciful occusrences Finstein drew 2
conclusion of grear theoreucal importance, To
physicists it 15 known as the Priaciple of Equiva-
lence of Gravitation and Incrtia. Tt simply states
that there is no way o distinguish the motion pro-
duced by inertial forces (aceeleration, recoil, cen-
trifugal force, ete.) from motion produced by grav-
itatjonal force. The vahdity of this principle will
be evident to any aviator; for in an arrplanc it is im-
possible to scparate the effcets of ineresa from those
of gravitation, The physical sensation of pulling out
of a dive js exactly the same as that produced by
execuring a steeply banked turn ar high speed. In
both cases the factor known to flyers as a “G-lowd”
{Gravity load) appears, blood is drawn away from
the head, and the body is pulled heavily down into
the sear. To the prdat who is flymg “blind” and with-
out instruments, the identical nature of these effects
can prove a serious and even fatal matrer.

In this principle, w hich s the keystonc of General
Relativity, Einstein found an answer both 1o the
siddle of gravitation and the problem of “absolure”
motion. It showed that there »s nothing ungque or
absolute™ abaut nonuniform motwon afrer all, for
the effects of nonuniform motien which can sup-
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by the field equarions of Avbere Einseein,

Just as Maxwell and Faraday assomed that 2 mag-
HeE Creates cerain propesics in surounding space.
sa Einstein cancluded that stars, moons, and other
celestial objects individually determine the proper-
vies of the space around them. And just as the move-
smene of 4 piece of iron in 2 magnetic field s guided
by the structure of the field, so the path of any body

The Getd of 2 bar magaes

4 gravitadioml field 1s determined by the geoun-
try of that ficld The distincuon beoween Newton's
and I nstern’s ideds about graviation has sometimes
Been dlusteated by pewunng a hule bay playiog
‘matbles m 2 city lox The g'ru\md W Yery uneven
erdged with bumps and hollows. An ohserver in an
office ten stones above the sureet would not be able
10 sec these wregulanues m the geaund, Notieiny

* thu the marbles appear to avoid some sections o%

3]
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movements of the starts and the plancts stem from
their inherent inertia; and the courses they follow
are determined by the metric properties of sprce—
or more properly speaking, the metric propertics of
the space-time continuum. :
Although this sounds very abstract and even para-
doxical, st becomes quite clear as soon as one dis-
misses the notion that bodies of matter can exert 3
physical foree on each other across miltions of miles
of empty space. This concept of “acrion-at-a-dis-
tance” has troubled scientists since Newton's day. It
led to parncular difficulty, for example, in under-
suanding eleceric and magnetic phenomena, Today
scientists no longer say that 2 magnet “actracts” 2
piece of iron by some kind of mysterious but in-
stantanecus action-at-a-distance. They say rather
that the magnet creates a certam physical condi-’
tion in the space around ir, which they rerm a mag-
netre field, and that chis magnenc field then acts
upon the jron and makes it behave m 1 certain pre-
dicrable fashion. Srudents in any elementary science
course know what a magnetie field looks hke, be-
cause it can be rendered viuble by the ssmple process
of shaking iron fihngs onto a prece of suff paper held
above a magnet. A magnene field and an clecerical
field are physical reabuies. They have & definite
stencture, and their structure is descnbed by the
field cqumions of James Clerk Mavwel which
pointed the way roward all the discoseries m clectri~
cal and radio engincering of the past century. A

ational field is as much of a physical reatiey as

gravit 0
and its structure s defined *

an elecrromagneric ficld,

an
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Whenapplicd toastranamical prablems Einstein's
eravirational law s yield resuis vhat are close to these
given by Newton. 1€ the resules poralieled each
other in every case, scientists mxghz tend to rewzin
the familiar concepts of Newtonian !ay. and write
off Einstein's theoty s o weird 3t origina fancy.

The rotanion of Mercury's eliplical orbat,~greatly
exapgerred Actually the elipse advances only
43 seconds of un arc per century.

Buc a number of strange new phenomena have been
discovered, and at Jeast one old puszle solved, solely
on the bais of General Relauvity. The old puzzle
stemaed from the eccentnie bebasior of the planer
Metcury. Instead of revolvmg i its elliptical osbit
with the vegutanty of the other plances, Mercury
devates from its eourse each year by 2 slight bue
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the ground and move towasd other scctions, he
might assume thar 2 *force” was operaring which re-
pelled che marbles front certain spots and attracted
them toward others. But anocher observer on the
ground svould instantly perceive that the path of
the marbles was simply governed by the curvature
of the field. In this little fable Newron is the upstirs
observer who wmagines that a “force” isar wotk,and
Einstein is the observer on the ground, who his 5o
reason to make such an assumption, Einstein’s gravi-
tational laws, therefore, mercly describe the field
propertics of the space-time concinuum, Specifi-
cally, one group of these laws sers forel the relation
between the mass of a gravitating body and the
structure of the ficld around it; they are calied struc-
ture faws. A second group analyzes the paths de-
seribed by moving bodies in gravitational fields;
they are the laws of motion.

It should not be thought that Einstein’s theory of

‘gravianon is only a formal mathematical scheme.

For it rests on assumptions of deep cosmic signifi-
cance. And the most semmrkable of these assump-
tions is that the umverse is not 2 ngrd and unmt-

-able ediffce where independent matter 15 housed in

indcpcndcnt space and eane, i¢ 15 on the contrary an
amorphous continuum, withpur any fived archi-
tecture, plastic and varable, constamly subject o
change and distortion. 3 hesever there 5s mastes and
motion, the continuum is disturbed. Just as a fish
swimming in the sea agitares the water around it
50 4 star, 4 cowet, or 2 galaxy dlst?rts the geomeuy
of the space-time through which it moves,
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The sequence of thought which led Einstein to
prophesy s effect began with snother imaginary
sitwation. As befare, the scene opens in an &evator
aseending with constant acceleration through empty
space, far from any gravaarional field, This ume
some roving mtersielar gonman impulsively fires a
Lullet at the elevator. The butlet huts the side of the
aat, passes clean through and emerges from the far
wall at 2 point a hirtle below the pownt at which it
penetrated the first wall. The reason lor this Is evi-
dent to the marksman on the owside. He knows thay
the bullet flew a0 a stragh Sine, obeying Newton's
Law of Inertsy, but whie it traversed the distaney
barween the two walls of the car, the whole elevar
tor iraveled “upward” 3 certam distance, causing thé
second butlee hole to appear not opposite the fisst
ane b shghtly nearer the floor Towever, the o
servers wnside the elevator, having no idea where i
the universe they are, mterpser the sitation diffef~
enthe Vware thar on canth anv nussite deseribes ®
parsbalic cunve tonard the ground, they simply
conchyde that they are at restin 3 graviational feld
and thar the buller which passed through thetg 37
was dewnbing 3 perfectlv normat cutve with fe-
pect to the foor

A wamene fater 15 the car continues up\»”d
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exasperating degree, Astronomess explored every
possible facror that might cause this perturhadon
but found no solution within the framewotk of
Newtonian theory. It was nor until Einstein evolved
his laws of graviration that the problem was solved.
Of all the planets Mercury Lies closest to the sun. It
is small and travels with great speed. Under New-
tonian law these factors should not fn themselves
account for the deviation; the dynamics of Mer-
cury’s movement should be basically the same as
those of any other planet. But under Eiastein’s haws,
the intensity of the sun's gravitational field and Mer-
cury’s enormous speed make a differcnce, causing
the whole cllipse of Mercury’s orbit to execute 3
slow but inexorable swing around the sun ar the
rate of ane revolution in 3,000,000 years. This cat-
culation is in perfect agreement with aceual meas-
urements of the planet’s course. Einstein’s mathe:
natics are thus more accurate than Newton's is
lealing with high velacities and strong graviational
clds.
An achievement of far greater impossance, how~
er, than this solution of an old problem s Fin-
da's prediction of a new cosmic phenomenon of
tich no scientist had ever dreamed—namely the
et of gravitation on light.
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The sequence of thought which led Einstein o
prophesy this effect began wth anot\)cr inuginary
siarion. As befote, the scene opens in an devatar
ascending with constant acceleration through empty
space, far from any gravitational field. This time
some roving interstellar gunman impulsively fires 3
buller at the elevator, The bullet huts the side of the
car, passes clean through and emerges from the far
wall at 2 pomt a hirtle below the point at which it
penetrated the first wall, The reason fos this is evi-
dent to the marksman on the outside. He knows that
the buller flew w2 straighe hine, obeying Newton's
Law of Inerua, bur whule 1t traversed the distance
Beeween the two walls of the car, the whole eleva-
tor teascled “upward” a certamn distance, Causing the
second buller hale ta appear not apposite the first
one but shahdy neater the Goor. However, the ob-
servers inwde the elevator, having no idea where in
the universe the are, mterpret the siuation differ-
eotly Aware that on canth any missile deseribes a
panbohe cune tonard the ground, they simply
gynclude that thev are at restan a gravitanonal fiedd
and 1har the buller which passed through their car
wan deseribing 4 perfeedy normial cueve with te-
spect to the floar

A mumenr liter as the ¢ar conunues upward
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exasperating degree. Astronomers explored every
possible factor that might cause this perrurbation
but found no solution within the framework of
Newtontan theary. It was not until Einstein evolved
his laws of gravitation that the problem was solved.
Of all the planets Mercury lies closest te the sun. It
is small and travels with grear speed. Under New-
tonian law these factors should not in themselves
account for the deviation; the dynamics of Mer-
cury's movemnent should be basically the same 25

- those of any other planct. But under Einstein’s faws,
the intensity of the sun’s gravirational ficld and Mer-
cuty’s enormous speed make a difference, causing
the whole dllipse of Mercury's orbit ro execute 2
slow but inexorable swing around the sun at the
rare of one revolution in 3,000,000 years. This cal-
culation is in perfect agreement with actual mess-
urements of the planet’s course. Einstein's mathe;
maties are thus more accurate than Newton's in
dealing with high velocitics and strong gravitational
fields,

An achievement of far greater importance, how-
cver, than this solution of an old problem was Ein-
stein’s prediction of a new cosmie phenomenon of
which no scientist had ever dreamed—namely the

effect of gravitation on light.
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The sequence of Thought which fed Einstein to
prophesy this effect began with another isginary
situstion. As before, the scene opens in an ¢levator
ascending with constant acceleration throwgh empty
space, far from any gravitational field. This vime
some roving mterscellar gunman impulsively fives a
batfet at the elevator, The bullet hits the side of the
car, passes clean theough and emesges from the far
wall at 2 poiat 2 liede below the point at which it
penetrared the first wall, The reason for this is evi-
dent to the marksman on the owtside. He knows that
she bullet few an 2 siraighe bine, obeytng Newton’s
Law of Inerda, but while it traversed the distante
between the two walls of the car, the whole eleva-
tor traveled “opward” a certain distance, causing the
secaond butlec hole 1o appear not opposite the first
one but shightly nearer the floor. However, the ob-
servers mside the clevator, having no idea where in
the universe they are, interpret the swoavon differ-
ently Aware that an carth any mussile describes 2
panbohe cune toward the ground, they smply
cunclude that they are ot rest in 3 gravitatonal field
and that the bullet which passed through their car
was desetibiiag o perfectly normal curve with re-
spect to the floas,

A moment later as the car eostinues upward
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through space 2 beam of lighe is suddenty fHashed
thraugh an aperturc in the side of the car. Since the
velocity of light is grear the beam traverses the dis-
tance berween its point of entrance and the opposite
wall in 2 very small fraction of a sccond. Neverthe
less the car travels upward a certain distance in thx
interval, so the beam strukes the far wall a riny frac-
tion of an inch below the pomr at which it entered.
If the dbservers within the car are equipped with
sufficiendy delicate instraments of measuremsent
they will be able to compute the curvature of the
beam, But the question is, how will they explain it?
They are still nasware of the motion of their car
and believe themselves ar rest in # gravitational field.
If they dling to Newtonian principles they will be
completely bafRed because they will insise that light
rays always travel in a straight tine. But of they are
familiar with the Special Theory of Relativity chey
will remember that energy has mass in accordance
with the equation m=E/c, Since lght 1 2 form of
energy they will deduee that light has mass and will
thercfore be affected by a gray irational ficld. Hence
the curvature of the beam.

From these purely theoreneal considerations Ein-
stein concluded that hght, like any marerial obyeer,
travels in 2 curve when passing through the gravata-
tional field of 2 massive body, Ee suggesved thac his
theory could be put a test by observing the path
of staclight in the gravitational field of the sun. Smce
the sears arc invistble by day, there is enly one occa-
sion when sun and stars can.bc seen mgcxhcr in the
sky, and thatis during an eclipse. Einstein propased,
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therefore, that photagraphs be taken of the stars -
mediately bordering the darkened face of the sun
during an eclipse and compared w"\t\\.p\\otognphs
of those szme stars made at another time. Accord-,
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The deflection of starlight m the gravitational field of the
sun Smee the hight (rom 2 star w the aeighborhood of the
sun’s Qisk 15 bent onward, toward the sun, as it passes
through the sun’s gravitational field, the wmage of the star
appeats to observers op eatth 10 be stufted outward
3nd away from the sun

ing 1o s theary the tight from the stars surrounding
the sun should be bent inward, toward the sun, in
traversing the sun's gravicational field; hence the
fnages of those stars should appear to observers on
earth 10 be stufred ourward from their usual posi-
tions in the sky, Fineen caleulated the degree of
deflection that should be obwerved and predicted
that for the stars closest to the sun the deviation
wanld be shour 175 seconds of an arc. Since he
staked bis whole General Theory of Retativity on
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fhis test, men of science throughout the world anx
lously awaited the findings of expeditions which
journeyed to equarorial regions to phorograph she
eclipse of May 29, 1919, When their pictures werc
developed and examined, the deflecrion of the stare
hght in the gravitationat field of the sun was found
to average 1.6+ scconds—a figure as close to perfect
agreement with Einstein’s prediction as the aceu
racy of mstruments allowed, '

* . »

Another prediction made by Einstein on the basit
of General Relatvity pertamed to time. Having
shown how the properties of space are affected bt
a gravirational ficld, Finstein reached the conclusion
by analogous but somew hat more involved reacon-
ing that tene intervals also vary with the gravite-
tional fiedd. A clock transported to the sun should
run at a shightly slower rhythn than on carth. And
a radiatmg solar atom shonld emit Jight of dightly
tower frequency than an atom of the same clement
on earth. The difference in wave length would o
this case be immeasurably smalt But there are m the
universe gravitational ficlds stronger than the sun's,
One of these surrounds the freak star known as the
“compamon of Siriue”—a v fute dw arf composed of
rrarter in a state of such faptasue demary thar one
cubic inch of it would weigh avon on carth. Becauce
of jts great wass this extraordmary dwarf, which i
only three times targer than che carth, has a gravica-
tonal ficld porent enough te perrurb the movements
of Sirius, seventy times us swe. Irs ficld s also power-
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ful enough to slow down the frequency of its own
fadiation by 2 measurable degree, and spectroscopic
obsarvatians have indeed proved thar the frequency
of tight emiteed by Siries’ companion is reduced by -
the exact amount predicted by Einstein. The shifc
of wave length in the spectrurm of this star is known
to astronomers as “the Einstein Effect” and consti-

ttes an addwional verificaton of General Rela-
tivity.
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ful encugh 1o slow down the frequency of is own
sadiation by 2 measurable degree, and spectroscopic
abseevations have indeed proved that the frequency
“of light emirsed by Sirins’ companion is reduced by
the exact amount predicted by Einstein. The shift
of wave lengeh in the spectrum of this star is known
“ 1o astronomers a5 “the Einstein Effect” and consti-

wees an additional verification of General Rela-
tiviey.
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Up 1o this point the concepts of General Rela-
tivity have dealt with the phenomena of the indi
vif!ual gravitational field. Bur the vniverse is fille
with incomputable bodies of matter—meteors
moons, comets, nebulae, and biltions on bitlions o
stars grouped by the interlocking geometry of thef
gravitational fields in clusters, clouds, galaxies, anc
supergalactic systems. Ope narurally asks, wha
then is the over-all geometry of the space-time con-
tinuum in which they drft® In cruder fanguage,
what is the shape and sizc of the universe? All
modern replies to the question have been derived
directly or indircetly from the principles of Gen-
eral Relativity.

Prior ro Esnsceint the universe was mose commondy
pictured as an island of matter afloat in the center of
an infinite sea of space. There were several rexsons
for this concept. The universe, most scientists
agreed, had to be iwfinite; because as soon as they
conceded that space might come ro an end somes
where, they were faced with the cmbarrassing ques-
tiom: “And what Lies beyond that?” Yer Newtonian
law prohibited an infinite universe containing 2 uni-
form distribution of mawter, for then the ol
gmvimiom! force of n}!l the masscs of _ matter
stretching away to infinity would be infinite, and
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the heavens would be ablaze with infinice light. To
man's feehle eye, moreover, it appeaed thas beyond

the rim of our Milky Way the limps of space be-
came sparser and sparser, diffusing graduatly in at-
tenuated outposts like lonely lighthouses on the
frontiers of the fathomiess void. But the island uni-
serse presenced difficulties too, The amount of
marzer it held was so smalt by conrrast with an in-
finicy of space thae inevitably the dynamic laws
governing the movements of the galadies would
cause them 1o disperse like the droplers of a cloud
and the universe would become entirely empty.

To Einstein this pictare of dissolurion and disap-
pearanice seemed eminendy wnsatisfactory. The
basie difficdty, he decided, derived from man's
natueal but uawarranted sssumprion that the geome-
axy of the poverse must be te same as that reveled
by his senses hiere on eanth. We confidentty asome,
for example, that two paraliel beams of fight will
tmaved through space forever without meeting, be-
cause in the infiane plane of Eachidean geometry
paraliet fines never meet, We al fecl certain thatin
outer $TUCE, 35 On A tennis Court, 4 steaight line s
tie shorrest distance berween two pows. And yer
Cuelid aever actually proved that a straight bae i
the shortest distance between twa poins; he simply
arlateanly defined 2 straght bine as the sharrest dis-
tance berween two potats.

Is it not then possible, Eanstetn asked, that sman is
bewng deceived by his hunweed percoptions when hie
pictures the umwverse @ the gath of Taclidean
geomerry> There was & tme when man hought the
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earth was flat. Now he accepts the face thar the eand
is round, and he knows that on the sorface of th
earth the shortest distance berween two such point
a5 New York and London is nor 2 straight compas
course across the Arlantic but » “great circle” tha
veers northward past Nova Scotia, Newfoundland,
and Iceland. So far as the surface of the earth is con-

* cerned Euchd’s geometry 15 not valid. A giant i
angle, drawn on the earth’s surface from two paints
on the Equator to the North Pole, would not satisfy
Eudlid’s theorem that the sum of the interior angles
of a triangle is always equal to two right angles or
180 degrees. It would contain more than 180 degrees,
o5 a glance at the globe will qufckly show, And if
someone should draw 2 giant circle on the earth'’s
surface he would find that the ratio between its

{3
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Imeter and i circumference is dess than the Slassic
whoe i, These deparcates from Enclid are due to
the curvatuee of the gacth, Although no one doubts
today that the earth hes 4 cutvature, wan did not
discaver this fact by geuting off the earth and look-
ing 2t it The curvarure of the earth can be come-
juted very camfortably on teera firma by 2 praper
mahematical mecpretation of easily cbservable
fates In the same way, by a syathesis of astronomi-
eal fact and deducrion, Einstein cancluded that the
universe is neither mhnite nor Euclidean, a5 most

scientists supposed, bur somethung hutherta waim-
agined.

- * .

Tehasalready i thatEuclid

¥ 1
does not hold true in 2 gravitational hield. fighx ra;s
do not travel in straght hines when passing through
a gravitacionaf field, for the geometry of the field is
such that within it there are no straight ines, the
shattest course that the hghe can deseribe is a curve
or great eucle which 15 Bgorowsly derermuned by
the geomewaal structure of the ficdd, Since the
structure of a gravitational ficdd is shaped by the
wass and vdoony of the gravnanng body—sear,
moon, ot planet—it follows that the geomerrical
srucrure of the universe 35 3 whole must be shaped
by the sum of 1ts marerial content. For each can-
cereravion of mareer in the wniverse there is 2 gor.
ponding d of the T i X
Yach gelestial body, each palary creases loeal irregu-

03



THE UNIVERSE AND DR. EINSTEIN

larities in space-time, like eddics around islnds ia
the sea. The greater the concentration of marter, the
greater the resulting curvature of space-time. And-
the total effect is an over-all curvature of the whole
space-time continuum. the combined distortions
Produccd by all the incomputable masses of mateer
in the universc cause the continuum to bend back
on itself in a great closed cosmic curve. ..
The Einstein universe therefore is non-Euclidean
and fimite. To earthbound man a light ray may ap-,
pear to travel m a straight line to infinity, justas o
an earthworm erawhng “straight” shead forever
and ever the earth may scem both flat and infinice. |
But man’s impression that the universe is Euelidean
in character, hke the earthwormy’s impression of the
earth, is imparted by the ltmitations of his senses. In
the EFinstein universe there are no straight lines,
there are only grear circles. Space, though finite, 15
unbounded, a mathemarician would describe it
geometrical characrer as the four-dmensional ana-
logue of the surface of a sphere. In the less abstract
words of the lacc Brinsly physicist, S James Jeans:

“A soap-bubble with corrugations on s surface
is perhaps the best representation, in terms of simple
and familiar materials. of the new universe revealed
10 us by the Theory of Relativity. The universe is
not the interior of the soap-bubble bur its surface,
and we must always remember that while the sur-
face of the soap-bubble has only two dimensions,
the universe bubble has four—three dimensions of
space and one of rime. And the substance our of
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which this bubble is blown, the soap-film, is empty
space welded onto empty tme.” -

Like mosc of the concepts of modern science, Ein-
stein's finite, sphencal universe cannot be visualized
~any more than 2 photon ot aa electron can be
visuatized, But as in the case of the photon and the
electron s properties can be described mathe-
mancally. By wking the best avadable values of
modern astconamy and applying them to Einstein’s

* field equations, 1t s possible to compute the size of
the universe. In order to determine its radius, how-
ever, it is first necessary to ascertain its curvatute.
Since, as Einstein showed, the geometry or cur-
vature of space 15 deternined by its material con-
1ent, the cosmological problem can be solved only
by obuining 2 figure for the average density of
matter 1n the umverse,

Fortunately this figure is available, for astron-
omer Edwin [ubble of the Mr. Wilson Observa-
tory constientwusly studied sample areas of the
heavens over a periad of years and panstakingly
computed the average amonnt of matter contained
in them. The concluvon he reached was that in the
universe 15 2 whole there 15 .H000000000000000000-
G0AGGI00003 gram of mawer per cubic centimeter
of space Applied to Linstemn's ficld equatians this
figrure yields a positive vatue {or the curvature of the
universe, which in tuen reveals that the radius of the
umverse is 35 Lutbon hght years or 210,000,000,000,-
Q00,Q0A.000,000 rates Finsten’s universe, while noy

§ infince, 15 nevertheless sufficiently ennrmous to en.
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compass billions of galasies, each containing hun-
dreds of millions of flaming stars and incalculable
quantities of rarcfied gas, cold systems of iron and
stone and cosmic dust. A sunbeam, setting our
through space at the rate of 186,000 miles 3 second
would, in this universe, describe a great cosmic
circle and return to its source afeer 2 little more than
200 billion terreserial years.



14

At the tiree Einstein evolved his ccsmo‘m;y."\e
wis umaware, however, of 3 strange aszonomiest
phenomenon which was only interpreted several
years later. He had asumed that the motions of the
stars and galaxies were random, Yike the aimless
drifting of molecules in 3 gas. Since there was 0o
widence of any unity in thew wanderings he had
ignared them enurely and regarded the nniverse as
siatic Bur astranomers were beginmng to notice
signs of 4 systematic movement among the ovter

gabaxes at the extreme Yimits of relescopic vision. All

these outlying gataxies, or "island universes,” are,
appatendy, receding from our solar system and
from each acher, Thus organized fight of the distant
gataxies—the semotest of them bemg abaut 500 mil-
hon hight years away—s an entirely different affair
fram the mdolent wheeling of the nearer grasic-
twnial systems, For such 3 systematic movement
vould hase an effect on the curvarure of the uni-
serse a3 3 whaje,

The universe 1, therefore, not statics it 1s expand-
mg i somewhay the same manaer 35 2 saap bubble
o 2 hafloon expands. The analogy is not quite exact,

however, far 1f we concawve of the wniverse as
Lind of spoued ol h

SpOIs ¥ef '}
wmstrer—ane wonld expect the spots 1o expand roo.
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But this cannat be, because then we would never
notice the expansion, just as Alice in Wonderland
would have been unaware of the sudden changes in
stature if all her surronndings had grown and con-
tracted along with her. Therefore, as casmalogist H.
P. Robertson of the California Institute of Tech-
nology has pointed out, m visualizing the universe
as a spotted balloon, we must think of the spots a<
inelastie patches sewn upon the surface, Marerial
bodies retain their dimensions w hile space stretches
aut between them, like the skin of the balloon be-
tween the patches,

This extreordmary phenomenon greatly compli-
cates cosmology. If the spectroscopic amalysis that
indicates the recession of these outer galaxies is
correct {as most astronomers beheve it to be) then
the velocities ar which they are vanishing into limbo
are atmost beyond behef. Their speed appears ta ins
crease with distance. While the nearce galavies,
about one million light years away, are traveling at
a mere 100 miles a second, those 250 nullion Light
years away ate fiying off at the fannasnc rare of
23,000 miles a second, almost one seventh the veloc.
ity of light. Since all of these remote galavies, withe
aut exception, are moting awway from us and from
cach other, one must conclude that ar some epoch of
cosmic time all of them vwere clustered wgether in
one fiery inchoste mass And if the geometry of

. space is shaped by its material content then the uni-
verse in this pregalacxic phase must have been an
ancamfortably cramped and crowded recepracle,
characterized by an excessive enrvatuse and packed

]
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with mateer n 2 scate of Jnconceivable density. Cal-
timions based on the velogites of the receding
galaxies show that they must have scpapted and
warted their flight from the “center” of this shrunk-
en unfverse about two billion years ago.

- . .

Several theories have been advanced by astronov
mers and cosmalogists to explain the enigma of the
txpanding umverse, One, put forth by the Belgian
cosmologist Abbé Lemaitre, proposes that the uni-
verse originated from 2 single stupendous primeval
mom which exploded and thus preciprated she ex~
pansion which we sull percewe. An analogous
theory, made public recemtly by Dr. Georg®
Goswyse of Grge Woashimgron Usisassing, seases
struers in detail how the constitoent dlements might
have been forged in the dense fasing core of e
universe before it started to expand. In the begin-
ning, says Dr. Gamaw, the nucleus of the unjverse
was an inferna of homogeneous primordial vapor
sertung at wnimaginable temperarares such as 19
longer cuist even 1 the interiors of stars, (The
temperanire of the sun, which is an average st
fanges from $500 Cennigrade at the surface up to
40,000,000° in the interior ) There were no cle-
ments in such heat, no molecules, no atoms-—noth-
ing bat free neutrans w a state of chaatie agiration.
When the cosmic mass began o expand, howeser,
the temperatore began to fall, and when it had

_ dropped 1o sbour one billion degrees the neqrrons
. condensed inta aggregates, electrons were emisred
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which attached themselves to nuclel, and atoms wer
formed. Al the elements in the universe were thy
ereated within the space of a few critical moment
in the cosmic dawn and their roles fixed for the tw
billion years of continuing expansion that ensued

An carlier theory of the expanding universe, pu
forth some years ago by Dr. R, C. Tolman of thy
Calsfornia Institute of Technology, suggests tha
the cosmie expansion may be simply a temporary
condition which will be followed at some futur
epoch of cosmuc tme by a period of contraction
The universe in this picrure is a pulsating balloon ir
which cycles of cxpansion and contraction succeed
cach other through eternity. These cycles are govs
ernied by changes mn the amount of sureer in the
untverse; for as Einstem showed, the curvature of
the universe 1 dependent on its content. The diffi-
culey with this theory is that it rests on the assump-
tion that somewhere in the universe matter is being
formed. Although it 15 true that the amount of
matter in the universe is perpetually changing, the
change appears to be all m one direction—toward
dissolution. All the phenomena of narure, visible
and fnvisible, within the atom and in outer space,
indicate char the substance and energry of the unis
verse are incxorably diffusing hke vapor throsgh
the insatiable void. The sun is slowly but surcly
Dburning out, the stars are dying embers, and every-
where in the cosmos heat 1s turning to cold, matter
is dissolving mto radiation, and encrgy s being dis-

sipated into empty space. .
“Fhe universe is thus progressing toward an ulu-



THE UNIVERSE AND DR. EINSTEIM

vate “heat-death,” or 15 it is technically defined, 3
condition of “madimum entropy.” YWhen the uni-
verse reaches this state some billions of years from
now alf the processes of nature will cease. All space
will be at the same temperature, No energy can be
used becavse alt of it will be uniformly disuributed
through the cosmos. There will be no light, no life,
o warmth-—nothing but perpetual and irrevocable *
stagnauion. Time sself will come 20 an end. For en-
tropy points the direction of nme Entropy is the
mcastre of randomness When all system and order
in the universe have vamshed, when randomness is
¢ s maxinwm, and entropy cannot be increased,
when there no fanger is any sequence of cause and
effect, in shore when the umverse has run down,
there will be no direction to time—there will be no
tune. And there is no way of avoiding this destiny.
For the fateful principle known as the Sccond Law
of Thermodvnanues, which stands today as vir-
tually the enly pillar of classical physics left intact
by the march of saience, proctaums that the funda-
mental processes of nature are wreversible, Nature
TOLES Just one \\’ay.

There are 3 fow contemporary thearists, how-
ever, who propose that somehow ., somewhere be-
yend man’s mesger ken the vniverse may be re-
butding wself In che highe of Eanstesn’s principle of
the equivalence of mass and energy, 1t 15 possible ta
fugae the diffused radiaton in space congealing
ance mare into partcles of matter—elecrsons,
atuns, and malecoles—unch nay then combing to
form larger unies, wiuch in tum may be eollected

.
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by their own gravicwional influence into diffuse
nebulac, stars, and, uldmately, galactic systems. And
thus the life cyele of the universe may be repested
for all eternity. Laboratory experiments have indeed
demonstrated that photons of high-energy radia-
tion, such as gamma rays, can, under cemsin con-
ditions, interact with marter o produce pairs of
electrons and positrons. Astronomers have also de-
termined recensly that aroms of the lighrer dements,
drifting in space—hydrogen, helium, oxygen, nitro-
gen, and carbon—may slowly coalesce into moles
cules and microscopic particles of dust and gas. And
still more recently Pr. Fred L. Whipple of Harvard
has deseribed in his “Dust Cloud Hypothesis,” pub-
lished in 1948, how the rarcfied costnic dust thar
floars in interstellar space in quantitics equal in mas
to alt the visible marrer in the universe could in the
conrse of 1 billion years condense and coagulate
into stars. According to Whipple dhiese tinye dust
parucles, barely one fifty-thousandth of an inch in
diameter, are blown together by the delicate pres-
sure of starligh, just as the fine-spun taid of a comet
is deflected away from the sun by the impact of
solar photons. As the parucles cohere, an aggregate
is formed, then a cloudler, and then a cloud. When
the cloud artams gigantic propartions (i.e., when its
diameter exceeds six trdfion mdes), its mass and
density will be sufficient 10 ser a new sequence of
bhysical processes sato operation. Gravity will cause
the cloud ta contract, and irs contraction wil} cause
its internal pressure and temperature to nse. Fven-
wally, in the last white-hot stages of its collapse, it
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will begin to radiate as a star. Theory shovs:s 'hf‘t
our sofar system might have evolved, in Sytc.lﬂ ar-
cumstances, from such 2 process—our sun being the
suar in question and the various planets small cold
by-products condensed from subsidiary cloudlets
“spirating within the main cloud.

Presupposing the possibitity of such events s
these, ane might argive witmarely at the concept of
a self-pest ing pulsating undverse, renewing its
&yeles of formation and dissolution, light and dark-
ness, order and disorder, heatr and cold, expansion
wad contraction, through never-ending eons of time.
And yet this picrure has not been widely accepted
because na definice evidence has been found ro sup-
port it. Although dusy clouds of all dimensions and
degrees of densicy can bie seen hanging in the abyss
of interstellar space, no one can state from man's
brief temporal perspective thar they sre proto-stars,
any more than one can say with assurance that a
white cumulus eloud riding the blue amosphere of
eur carth on any given day is tomorsow’s thunder
starm or simply an cvancscent wrasth of mist that ’
winds have gathered and will presently disperse.,
Bur apart from conjecture on the origins of our
solar system of the ndividual stars or any compo-
nent pare of the system of natare 1n which we stand,
there ate theoretcal as well as empincal diffieutties
wherent in every suggestion that the universe as a
whele may stilt be abuitding, Nothing in al} inani~
mate natute can be unmistakably dentified as 2
pure creative process. At anc time, for example, ir
w25 thought that the mystenous cosmic rays which

rva
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continually bombard the carth from outer Spa
might be by-products of some process of aromi
creation. But there is greater supporr for the oppe
site view that they are by-products of atomic anaihi
lation. Everything indeed, everything visible i
nature or established in theory, suggests that the uni
verse §s implacably progressing toward final dark
ness and decay.

There is an importans philosophical corollary t
this view. For if the universe is running down am
nature’s processes are proceeding m just one direc
tion, the inescapable inference is that everything hac
a beginning: somehow and sometime the cosmic
processes were started, the steflar fires ignited, and
the whole vast pageant of the universe brought into
being. Most of the clues, moreover, that have been
discovered at the inner and outer frontiers of scien-
tific cognition suggest a definite time of Creation,
The unvarying rate at which uranum expends irs
nuclear encrgies and the absence of any natural
process leading to its formation indicate that all the
uranium on earth must have come into exstence at
one specific ume, which, according to the bhest cal-
culations of geophysicists, was about two billien
years ago. The tempe at which the wild thermo-
nuclear processes in the interiors of stars rransmure
mateer into radistion enables astronomers to com-
pute with fawr assurance the duration of stellar bfe,
and the figure they reach as the likely average age
of most stars visibe in the firmament today 15 two
billion years. ThcAnri:hn}cric .o!" the geophyucies
and astrophysicists is thus in striking agreement w ith
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that of the cosmoganists who, basing their falculm
xions on the apparent velociry of the receding gal-
avies, find that the universe began o expand two
biltion years ago. And there are other signs in other
areas of science that submit the same reckoning, Sa
1l the evidence that poinics to e altimace sauhils-
tion of the universe points just as definitely to an
inception fixed in time.

Tven if one acquiesces to the idea of an immortal
pulsating universe, within which the sun and earth
and tant red stars are ive nEweom-
ers, the problem of inital origin remains. It merely
pushes the nme of Creation into the infinite past.
For while theansts have adduced mathematically
impeecable accounts of the fabrication of galaxies,
stars, star dust, atoms, and even of the 2tom’s com-
ponents, every theory rests uirimately on the
prioti assumption that Sometbing was already in ex-
sstence—w hether free newtrons, energy quanta, or
simply the blank inscrutable “world scuff,” the cos-

mic essence, of which the multifarions universe was
subsequently weoughe,







Cosmologists for the most part meintain silence
an the question of uldmate origms, leaving that
ssu¢ to the philosophers and theology. Yet only the
purest empiricsts among modern scientists Tam
their backs on the mystery that underlies physical
reshry. Einstein, whese philosophy of science has
sometimes been eriticized as materiabistic, once said:

“The most beawiful and most profound emotion
we an experience is the sensstion of the mystical.
It is the sower of all rrue science, He ta whom this
emotion is a stranger, who can no Jonger wonder
and <eand £ape an ave, 5 as gond as dead, To know
that what 15 smpenctrable to us really exists, mani-
festing inclf as the fughest wisdom and the most
radant beasty winch our dull faculties can com-
yprehend anly so their most primative forms—thns

hnowledge, this fecling 15 at the center of true re-
hgiousness.”

And on 2nather oceasion he gdectared, “The cos-
¢ eehigous expenience is the strongese and noblest
mamspring of scientific rescarch.” Most scientists,
when refernng to the mystenes of the univesse, its
vast forces, its origins, and s rationality and har-
many, tend to avoid wsing the word God. Yet Bin-
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stein, who has been called an atheise, has no such
inhibitions. “My religion,” he says, “consists of 2
humble admiration of the illimitable superior spirit
who reveals himself in the slight derails we are able
to perceive with our frail and feeble minds. That
deeply emotional conviction of the, presence of 1
superior reasoning power, which js revealed in the
incomprehensible universe, forms my idex of God.”

So far as science is concerned, there are at the
moment two gateways which offer the promise of
closer access to physical reality. One is-the great
new telescope which soon, from Palomar Mountain,
California, will project man’s vision into deeper
abysses of space and time than ever were dreamed
by astronomers a gencration ago. Till now the ex-
treme range of telescopic perceprion has essentially
terminated at the faint hurrying galaxics 500 million
light years away. But the rwo-hundred-inch reflec-
tor of Patomar wilf double that range, enabling man
to look upon whatever lies beyond. Perhaps it will
reveal only new homogeneous oceans of space and
new myriads of far galaxies whose antique hghe has
swum o earth through a bilhon years of terzestriaf
time. But it may reveal other things—variations in
she density of matter or visual evidence of a cosmic
carvature from which man gan accurately compute
the dimensions of the universe in which be so nsig-
nificantly dwells.

The other gateway to this knonledge may be
opened by the new Unified Freld Theory with
which Einstein has crowned his efforts of the last

H ’,
quitter century. Today the outer limuts of man's
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knowledge ate defined Gy Relativity, the inner i~

its by the Quantum Theory, Reladivity has shaped

all aur concepes of space, time, gravitarion, and the

sealities that are too yemote 2nd too vast to be per-

ceived, The Quantum Theoty has shaped all our

tontepts v Yive stom, Y basie wits of wames and
energy, and the realinies that 2re too ehusive and w00
ool vo be peretived. Vet these two great stientific
cycrems rest on entuely different and yareloted the
aretical faundations. They do not, as it were, speak
the satme tanguage. The purpose of the Unified Field
“Theory is to construct a bridge between them. Bev
fieving in the harmony and uniformity of nature,
Uinstein fas cvotved » single edifice of physical laws
o tacompess both the phenomena of the 4tom and
the phennrrena of outer space.

What unevpected new aspects of nanure the Uni-
fied Tield Theory may uncover and how many old
mysceries 1t may resolve 1t is still wo early to pre-
diet. But as obvious mimmum achievement is that
it unites the taws of gravitaton and the Jaws of
electromagncnsm within one basic superstrocnze
of universat law. fn the svme way thas Refativity se-
drreed gravitacionat (mc@\msbl i prop 1Ty
of the \pace-time continuem, the Umfied Field
Theory reduces clectromagnene force—the nther
great wnnersal force—to equivalent stamus. “The
wdet that there are two troctores of space inde-
pendent of each ather, the werric-gravitational and
the electromagnene,” Fanstein once observed, “i
intalerable to the thearetion spite.” Yet despite all
s effares he cantd not incorparate clectromagnetic
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ficld laws into Gieneral Relarivity. Now after thirty-
three years of exploring endless gambits of mathe-
matical logic he appears to have achieved his
purpose. One may ask if this proves then that clec-
tromagnetic and gravitational force are physically
the “same thing.” It would be no more accurate to
make such a statement than to assert that steam, ice,
and water are the “same thing”—-though all are
muanifestations of the same substance. \Whar the
Unified Ficld Theory does do is to show that gravi-
tational and electromagnetic force are not inde-
pendent of each other—thar they are in 2 very real
physical sense inseparable. More specifically it de-
seribes gravitatonal and clectromagnetic foree in
terms of a deeper reality thar undergirds both-—-a
basic wniversal fleld within which gravitational and
electromagnenc ficlds are merely partucular ephem-
craf forms or conditions of state.

If the fullest implications of the Unified Field
Theory are sustained by the tests of the future—f
the laws of quantum physics can also be denved
from its equations—crucial new insights will doube-
Iess be attained sto the composinon of mafter, the
structure of che elementary partcles, thednechan-
jcs of radistion, and other erugmias of the subatomic
world. Yet these will be essentially by-products.
For the great philosophcal triumph of the Unified
Field Theory is implicit in the first word of its ritle.
Tt carries to Jogical fulfillment the long course of
seience towards the unification of man’s concepts
of the physical world. Through the centurics the
varied currents of discovery, theory, rescarch, and
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resson have seadily converged, mingled, nd ﬂ°“’¢“‘
omward into ever widening sud deepening t
"The first fong advance was the reduction of the
world's mulsifarious substances into 97 natural ele-
ments. Then these elements were reduced to a few
funduminal particles. Concurrently the various .
“forees™ in the world came to be recognized one by

one a§ varying festations of elect ic
force, and il the diffesent kinds of radiation in the .
universe-~light, heat, X-rays, radio waves, gamma
rays-—1s fothing more than electromagnetic wav
of varying wave fength and frequency, Ulumately
the features of the universe distilled down to a few
basie quantines—space, time, matter, enesgy, and
gravitation, But in Special Relativity, Einstein dem-
onstrated the equn alence of matter and energy, and
in General Relanviry he showed the indivisbiliny
of the space-tune conunpum. The Unified Field
Theary tow cul and climaxes this coalescing
pracess. For from s august perspective the entire
univene b revealed a5 one clemental field in which
each wtar, each atom, each wandenng comer and
shiw-wheeling galasy and flying electron is seen to
bie but 3 npple or tumescence in the underlying
space-ttine unity And 50 a profound simpliciry
supplanrs the surface complesity of narure. The
duunctions berween gravitational force and elec-
fromagnetic foree, maner and energy, electric
charge and field, space and nme, all fade in the lighe
of they revealed reliionships and resolve ineo
confizurations of the four-dimensional continuum
which s the umverse Thus alt man's perceptions of

9t
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field laws info General Relativiry, Now after thirty-
three years of exploring cndless gambits of mathe-
matical logic he appears to have achieved his
purpose. One may ask if this proves then that elec.
tromagnetic and gravitational force are physically
the “same thing.” It would be no more sccurate to
make such a statement than to assert that steam, fce,
and warer are the “same thing”—though all are
manifestations of the sune substance. YWhar the
Unified Field Theory docs do is to show that gravi-
tational and electromagneric foree are not inde-
pendent of each other—thar they are in a very real
physical sense inseparable. More specifically it de-
seribes graviational and electromagnetic foree in
terms of a deeper reality chat undergirds both~2
basic universal fiefd within wluch gravitauonal amd
clectromagnetic fields are merely particular cphem-
eral forms or conditions of state,

If the fullest implicarions of the Unified Ficld
Theory arce sustained by the rests of the future—if
the laws of quantum physics can also be derned
from its equations~—crucial new insighes wll doubt-
fess be attained mto the compositon of mafrer, the
structure of the elementary parucles, chednechan.
ics of radiation, and other enigmas of the subatome
world, Yet these will be essenually by-products.
For the great philosophical triumph of the Unified
Field "Theory is implicit i the first word of its utle
It catrics to logical fulfiliment the fong course of
science towards the unification of man’s conceprs
of the physical wotld. Through the centunies the
varied curreats of discovery, theory, research, and
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reason have sreadily convesged, mingled, and flow od
onward into ever widening aod decpening channcls,
The first Jong advance was the seduction of the
sworld's moltidarious substances into 92 narusal cle-
ments. Then these elements were reduced 10 3 fcw
fundiméngal particles. Concurrestly the various
“fgrees” in the world came to be secognized one by
ote a5 varying manifestations of i
foree, and all the different kinds of radiation in the
universe—~light, heat, Xerays, radio waves, gamina
rays—as nothing more than electromagnete waves
. of varying wave fength and frequency. Ultimately
the features of the universe distilled down to 3 fesw
basic quantines—space, time, matter, energy, and
gravitation, But in Special Relativity, Einstein dem-
anstrated the equivalence of manter and energy, and
in General Relativity he showed the indivisibilicy
of the space-time conununm. The Unified Field
Theory now culmmnates and climaxes this coalescing
process Tor from its august perspecnive the entire
universe s revealed as ane elemental field in which
cach star, each atom, each sandering comet and
slow-wheeling galaxy and flying electron 1 seen to
be but s ripple or rumescence in the underlying
space-time unity. And 5o 2 profound simplicity
supplants the surface compleuty of nare. The
distinctions between gravitationat force and elec
womagnene force, matter and energy, clectrie
charge and feld, space and time, all fade n the light
of theic revealed relanonships and resolve 'into
configurations of the four-dimensional continuum
which 15 the amiverse. Thus o)l man's perceptions of
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field laws into General Relativity. Now after thirty-
three years of exploring endless gambits of mathe-
matical logic he appears to have achieved his
purpose. One may ask if this proves then that clec-
tromagnetic and gravitational force are physically
the “same thing.” It would be no more accurate to
make such a statement than to assert that steam, ice,
and water are the “same thing"—though al are
manifestations of the same substance. What the
Unified Field Theory docs do is to show that gravi-
tational and electromagnetic force are sot inde-
pendent of each other—thar they are in a very real
physical sense inseparable. More specifically it de-
scribes gravitational and clectromagnetic force in
terms of a deeper reality that undergirds both—a
basic universal field within wiuch gravitatronal and
cleceromagnetic fields are merely particular ephem-
cral forms or conditions of state,

If the fullest implications of the Unified Ficld
Theory are sustaned by the tests of the future—if
the laws of guantum physics can also be derived
from its equations—crucial new insights will doub-
Jess be artained into the compasition of mafser, the
structure of the elementary parucles, thesmechan-
jos of radiation, and other enigmas of the subatomic
world. Yet these will be essennially by-products.
For the grear phitosophical eriumpl of the Unified
Field Theory is impliciz in the first word of s title,
It carrics to logical fulfillmene the long course of
science towards the unification of nuw’s concepss
of the physical world. Through the centuries the

varied currents of discovery, theory, research, and
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skull predestines the outlines of !hc-ﬁS‘\l: it sup-
ports, there is no likeness benween the image of 2
tree transcribed by our senses and that propounded
by wave mechanics, of between a glimpse uf the
starry sky on 2 summer night and the four-dimen-
sional continwum that has replaced our perceptusl
Eaclidesn space. .
In trying to dutinguish appearance from reality
and Lay bare the fundamental structute of the uni-
serse, science has had to transcend the “rabble of
the senses” But its highest edifices, Cinstein has
pointed out, have been “purchased ar the price of
emptiness of content A theoretical concept is
emptied of content 1o the very degree thar it is
divorced from sensory experience. For the only
world man can troly know is the world created for
Tum by his senses, If he expunges all the smpressions
which thev translate and memory stores, nothing iy
lefe. That is what the philosopher Hegel meant by
bis eryptic remark- “Pure Being and Nothing are
the same” A state of exsstence devoid of associa-
tions has no meaning. So paradovically whar the
scientist and the philesopher call the world of ap.
peacance—the world of light and color, of blu
shies and green leaves, of sighing wind and mur-
muring water, the world designed by the physiol.
ogy of human sense organs—is the world in which
finite man is incarcerated by his essential nature,
And what the scientist and the p\\ilescphcr call the
world of realiry—the colorless, soundless, impalpa-
ble cosmos which lies fike an ieeberg beneath the
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the world and all his abstrace intuitions of reality
merge finally into one, and ‘the deep underlying
unity of the universc is laid bare.

The Unified Ficld Theory touches the “grand
aim of all science,” which, as Einstéin once defined
it, Is “to cover the greatest number of empirical faces
by logical deduction from the smallest possible pum-
ber of hypotheses or axioms.” The urge to consoli-
date premises, to unify concepts, to penerrate the
variety and particularity of the manifest world to
the undifferentiated wnity that lies beyond is net
anly the leaven of science, it is the loftiest passion
of the human intellect. The philosopher and mystic,
as well as the scientist, have abways sought through
their various disciplines of ntrespection to arfive
at a knowledge of the ultsmate nnmutable essence
that undergirds the mutable dlusory world. More
chan twenty-three hundred years aga Plato de-
clared, “The true lover of knowledge is always
striving after bemg. . . . He will not sest at those
multitudinous phenomena whose existence 15 ap-
pearance only.”

. . .

But the irony of man’s quest for reahity s that as
pature is stripped of 1ts disgusses, as order emerges
from chaos and unity from diversity, as concepts
merge and fundamental laws asume meressngly
simpler form, the evalving pictare becomes ever
more remote from expericnce—far stranger mdeed
and fess recognizable shan the bene structure be-
hind a familiar face. For where the geametry of 2

19%
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™y ppear a5 distorted to posmi;y a5 that of their
peedecesiors seemed 1o them.

Fof all the promuse of furure revelation it is pos-
sible that certain termimal boundasies have already
beens teached in man's struggle to understand the
manifold of notare in which he 6nds himsclf, In

his descent inco the microcosm he has encountered
tnd , duality, parad

harsicrs that seem
to admonish him fe cannot pry 100 snguisisively
into the heare of things withour altering and vitiar-
ing the pracesses he seeks to observe, And in ev-
ploring the maccacosm he comes 4t tast to o final
{eavareless vrity of space-tame, mass-envagy, mat-
ter-feld—an ulimare, undiversified, and eternal
ground beyond whuch there 2ppears to be nowhere
1o progress. “The prison house," said Phato, “is the
world of sight.” Every stemng avenue of escape
from this prisont house that science has sucveyed

teads anly deeper wo 3 musty realm of symbolism
and abswacnon.

1t may be that the extreme and insurmountsble
timic of scienofic knawledge will be reached in the
i of perfect i phit repr <
that s, in & final flawless concurrence of theory and
natural process, so complete that every obstrved
phenomenan i accounted for and nothing is lefs
out of the petire In its approach 1o this goal, sci-
ence has hutherro achieved sts most notable prag-
matic and operational trumy

phs. For while reffing
nothing of the true "nature” of things, it neverthe
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plane of man's perceptions—is 2 skeleton structure
of symbols.

And the symbols change. While physicists of the
last century knew, for example, that che crimson of
a rose was 2 subjective, aesthetic sensation, they be-
lieved that “in realicy” the quality they termed
crimson was an oscitfation of the Juminiferous ether,
Today it is conventional to identify crimson 25 a
wave Jength, But it is cqually proper to think of it
as the value of the energy content of photons. Such
considerations led a famous physicist to remark eyn-
ically that on Mondays, Wednesdays, and Fridays *
one uses the quantum theory, and on Tuesdays,
Thursdays, and Saturdays the wave theory. In cithes
case the concepts employed are abstract construc-
tions of theory. And upon examination such con-
cepts as gravitation, electromagnetism, encrgy, cur-
rent, momentum, the atom, die acutron, sl wen
out to be theorencal substructures, inventions, mera-
phors which man’s inteffect has contrived ro help
him picture the true, the objective realiey he appre-
hends bencach the surface of things. So in place of
the deceitful and chaotic representatians of the
senses science has substituted varymng systems of
symbolic representacion. \While these systems are
distinguished by constantly increaung mathennad-
eal accuracy, it would be difficult coday to find any
scicntist who imagines fumsclf, because of his abihiry
to discern previous crrors, in 2 position to enunciate
final truths. On the contrary, modern theorssts are
aware, as Newton was, that they stand on the shoul-
dess of gianes and that their partscular perspecine
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may appear as distorred 1o posterity 35 that of their
predecessars seemed to them.

a » -

For alt the promuse of future revelation it is pos-
sible that certain terminat boundaries have already
been reached in man's struggle 1o understand the
manifold of nature 1w which he finds himself. In
his descent into the muicrocosm he has encountered
indererminacy, duality, paredox—barriers that seem
o admonish him he cannot pry too inquisiively
into the heart of things withour altering and vitiat-
ing the processes he secks to observe, And in ex-
ploring the macrocosm he comes at fast 10 o final
featureless unity of space-time, mass-energy, mat-
ter-fiedd—an ultmare, undwversified, snd erernal
ground beyond which there appears to be nowhere
to progress, “The prison house,” said Plato, “is the
world of sight.” Every seeming avenue of eseape
from this prison house that science has sarveyed
teads only deeper 1nto 3 misty realm of symbolism
and sbstracion

Tt may be that the extreme and insurmountable
Timit of sciennific knowledge will be reached in the
ansinment of perfect isomorphic representation—
that is, mn a finat Alawless concurrence of thcory and
natueal process, so complete that every observec
phenomenan is accounted for and nothung is lef
out of the picture. In its approach to this poal, sci
ence has hitherto achieved sts most notable prag
matic and operstional triumphs, For while tellin
nothing of the true “natare” of things, it nevercy
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less succeeds in defining their relationships and de-
picting the events in which they are involved. “The
evenr,” Alfred North VWhitehead declared, “is the
unit of things real.” By thus he meant that however
theoretical systems may change and however empty
of content their symbols and concepes may be, the
essentigl and enduring facts of science and of life
are the happenings, the activitics, the events. The”
implications of this idca can best be illtstrated by
contemplating a simple physical event such as the
meeting of two electrons. Within the frame of
modern physics one can depict this event as a col-
lision of two elementary grains of matter or rwn
clementary units of electrical energy, as 4 concourse
of particles or of probability waves, or as a com-
mingling of eddies in a four-dimensional space-time
continuur. Theory docs not define what the prin-
cipals in this encounter actually are. Thus in 4 sense
the electrons are not “real” but merely theoretical
symbofs. On the other hand the meeting itself 15
“real"——the event is “real,” It is as though the true
objective world lies forever half-conccaled beneath
a translucent, plstic dome. Peering through jts
cloudy surface, deformed and dntorted by the ever
changing perspectives of theory, man famtly espics
certain apparently stable relationships and recar-
ring events. A consistent ismmorphic representation
of these relationships and events 15 the maximal pos.
sibility of his knowledge. Beyond chat pont he
stares into the voul.

In the evalution of scientific thoughe, ane facr
lis become impressively clear: there 1s no mystery

U
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of the physical world which does not 90:““ 0 2
mystety beyond itself. Al highroads of the intellect,
i byways of theory and conjecture ead ltimately
to an abyss that human ingenuity can never spat.
 For man s enchained by the very condition of his
Being, bis Sniteness and involvement m nature, The
farshes he extends his hotizons, the more vividly he
secognizes the fact that, a5 the physictse Niels Bohr
puts ! “we are both spectators and actors in the
great drama of exstence” Man is thus bis own
greatest mystery. He does not understand the vase
veiled nniverse into which he has been cast for the
reason that he does not understand wmself, He
comprehends but Yirde of his organic pracesses and
even less of his unigue capacity to perceive the
world about him, 1o reason and to dream, Least of
all does he understand tus noblest and most myste.
rious faculty. the ability to rranscend himself ang
perceive humself in the act of percepnon,

Man's mescapable impasse is that he himself i
part of the world he seeks 1o explore, s body ang
proud bran are masaics of the samg elemental par-
ticles thar compase the dark, dnfung dust clouds of
werstellar space, he is, in the final analyss, merely
an ephemeral conformation of the primordial space-
time field. Standing midway between macrocosm
and microcosm he finds barriers on every sude apd
<an perhaps bur marvel, as St Pavl dud ninereen hyp.
dred years ago, that “the world was created by the
word of God so that what is seen was made our of
things which do not appear.”
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Science and the Modern World by Alfred North White~

head The Macmdlan Company, 1925, Another slassie,
abso required reading






Appendix

In Theoretical Physics there are often several ave- ..
nues of approach 102 given concept, “The exposition
of the principle of the inerease of inertidl mass an
pages 66-68 follows a quickly comprehended pat-
tern andlogous to those employed by many college
physics texss. Readers with some mathematicol
equipment may wish to read Dr. Finsten’s develop-
ment of this prinaiple as sex forth in his book Refa-
ey, the Special and General Theary, Some esseri-
tial excerpts follow, quoted with permission from
Peter Smith,. Publisher,

“The smost umportant result of a geneeal charace
ter to which the Special Theory of Relativity hay
fed 15 concerned with the conception of mass. Be-
fore the advent of relativity, physics recognired
two conservanon laws of fundamentat importance,
namely the law of the conservation of energy and
the law of the conservation of mass; these two fun-
d 1 laws appeared to be quite ndependent of
cach other. By means of the theory of relativiey
they have been umted mnto one Yaw. . . .

“In accardance with the theory of relativiy the
Kinetic energy of a matenial point of mass m iy n¢

loager given by the well-known expressian mt
H

me!
Dut by the expression ¥ P
e
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“By means of comparatively simple consider:
tions we are led to draw the following conclusion
A body moving with the velocity , which absorb
an amount of energy E. in the form of radiacior
without suffering an alteration in velocity in th
process, has, a5 a consequence, its encrgy increases
by an amount

E

7
vyt

_"In consideration of the expression givin abovs
for the kinetic energy of the body, the requircd
energy of the body comes out to be

(m + E,‘\;C’

L

Vit

&

“Thus the body has the same energy as 2 body
of mass m+1:‘ moving with the vclociry ¢

Hence we can say, If 2 body cakes up an amonnt of
energy E,, then its incrtial mass mcreases by an

amaunt %; the inertial mass of a body s not a

constant, but varics according to the change in the
energy of the body. The ertial mass of a system
of bodies can even be regarded as a measure of jrs
enesgy. The law of the conservation of the masy of
a system becomes rdenucal wich the Jaw of ennser-

4 N -
vation of energy. + . .
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