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ON M.RCH 14, PEOPLE ALL OVER wORLD COLRbDRaTSD TIE 100T: . aNN

SaRY OF THE BIRTh OF ONS OF THE GRIATEST R3VOLUT LON RIES OF THE 2QTH

NAMB -- ALDER IN. HB BaCaMs a CITIZEN OF U.S.A. IN 1940.

Wag i PERSON WHO

Liv OF al,

PHYSICS COM™ 10 A STANDSTILL. SIR ISAAC NEVTON'S MECHANISTIC

LAYS OF ABSOLUT? SPACE AND TING NO LONGER AbLY TO ANSIER MANY

WAS RAISING. BINSTPIN'S WORK, TOWRTER, AND EIS G?NERIL THSORY

PUBLISH?D IN 1916, SOLV"D MANY OF TIF DIFPICULI ISS.

ANYON? WO KNW

ALBERT, WaS BORN IN ULM, GER ay, BUT SHORTLY THERRAFTRR MOV")

STUDISD HS .ND LGNORD HE DISLIM*D, ALBRRT

w.S BXPELL*D FRO! SECUNDaRY SCHOOL 0 THE GROUNDS T "YOUR

PRESENCE IN THT CLivo 13 DISRUP1IV .\D AFFECTS OTFER STUDENTS.'

al TiS POLYTSULNIC.

ONLY THROUGH THE INTERVENTION OF FRIENDS AS WR ABLE TO GET AN

D OFFiC™. (HD HAD MEANJIIILR TAK3N OUT SWISS CITIZENSHIP)

IT WAS TIER™, HOWEVER, Prat mm WAS ABLR TO EIS FRET THT IN

IN BERLIN.

HIS FaMS FsNAL'Y BURST ON Tro WORLD JBN, IN 1913, A THaM Or

BENT ao if SUN.

IN 1921, b.8 was Tue NOBSL PRIas, NOL FOR l.io RELAT IV iTY

PaPSHRS, Bul FUR BRIS 1 "ORY OF Tris

x TT

RS

WTS

IN 1912 AND ch

PRUPON i) QO BAC
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LONGING TO UNDERSTAND TES SECRETS OF NATUR3 AND PY NO OTESR FESLINGS.

MY LOVE FOR JUSTICE AND STRIVING TO CONTRIBUT™ TOWARDS

IMPROVEMGNT OF HUMAN CONDITIONS AR' QUITS INDEPENDENT FROM MY
™a J

+

INVITED TO JOIN AMBRICA'S INST TUTE FOR ADVANCED STUDY IN 1933,

we READILY ACCSPTSD. FROM THEN UNTIL EIS ON 1955, ER WAS A

FAMILTAR FIGURE ON TEE STREETS OF PRINCETON IN Eis BAGGY TROUSERS,

SWEATER, TOUSLED AND PIP#.

IN 1939, URGED BY TWO FELLOW PHYSICISTS WHO HAD RBaD REPORTS THAT

NAZI GERMANY WAS CaRKYING ON BXPERIMNTS THAT COULD LEAD TO AN

ATOMIC BOMB, EINSTBIN WROTS TO PRESIDENT ROOSEVELT URGING THAT THE

UNITED SfsTES SPEED UP EXPERIM3NT aL WORK IN THIS FIELD. AS HE

PREVAILED AND MM

HGOD NOT PLaY DICE OTe TES UNIV RSE," HE salD AGAIN AND AGAIN.

IN LATER LIFES, H* ATTEMPT™D TO DEVELOP a UNIFIED FIELD TH7ORY THAT

WOULD UNITE, UND7R a 3INGLE SET OF BQUATIONS, GRAVITY. AND SLECTRO-

MAGNETISM - BUT HE FalL™D. DESPITS THIS SHORTCOMING, HE IS RECOG=

NIZED AS A FIGURE IN MOD™RN PHYSICS WHO, TVEN IN OLD AGE,
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Albert Einstein the thinker who turned the scientific world
upside down with three orginal papers published inAnnalen der Physik in 1905 at a time when he held noacademic post (fe was a clerk in the Swiss Patent Office),was born on 14 March 1879 in Ulm Germany By thedwme olhis death on 18 1955 he had become surely d rarityamong mathematical physicists aman whose name was 8household word throughout al least the developed worldEinstein spent his early years m Germany where he achlieved a distinction of feaving the Luttpold Gymnasium itMunich without a diploma and in circumstances which aresill unclear Ronald Clark in a re issue of his good bookEinstein the Life and Times* quotes a remark said to havebeenmade by the school authorities "Your presence in theclass is disruptive and alfects the other students Clarkadds 'This should be taken with caution but the generallines of the incident have the ring of truth For the kindlygentle Einstein who is remembered today, the friend of allmankind (except the Prussians), a saint insulated from therest of the world 1s iargely a figure of his later years, it is a
figure very different from the precocious, haff-cocksure, almost insolent Einstein of youth and early manhood Einsteinwas the boy who knew notmerely which spanner to throw inthe works, but also how best to throw it "
The full account of Einstein s 'life and times' is spelled outin fascinating detail in Clark's book Here it 18 enough to referthe interested reader to it, and to racall some of the seminalideas Einstein introduced to the world of physics He con-
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& pictacq mis educehon 7 Switgerland having renounced his

German nationality and aft a couple of years in which he
é tok temporary jobs and d: some private teaching tok @

lob at the Swiss Patent Offide in Berne In his spare time he
thought about physics The notion that absolutemotion in
Yewiorian sense was mearvngiess had already been
10sed a few years earher by Henri Poincaré, Einstein had
wught so since about the age of 16 : 1n 1905 he took the

woaginative leap which was to place him n the fimekghtwich bathed him for the rest of his iife !f only themotions of
ngs relative to each other had physic al significance, surehe "otion of absolute tine flowing "ejuably without relat

1
* anything external" as Newton har it in his Principia wae
x jally meaningless? Clocks were needed to measure ff,aw they were physical objects could and did moves

fr @tve to each other From there to the writing of one of tigtru 1905 papers onthe theory of special relativity took him
24 on ¢ a few weeks It was this paper which contained that

me hematical expression with which even schoolonildran
are wwtamilae E = mc*
if3 other two papers contained Volume {7 of Annaien

der P 1,5ik have had less to do with the shaping of the modem
worl!) Gut theywere equally important in their own way inthe
first + stein took Planck's quantum theory of 1900 and usedtioG 4+ uss the nature of light deriving a way of explainingthe ph wWoelectric eftect This work won Emstein the Nobel
Pnze 1 '922 The second paper dealt with the theory of
Brownie t notion - the observable motion of small particiesin fiquict +

\ hich ts the most direct evidence for the existence
of mole 1 2s and the interpretation of heat as the energy ofmolecule Einstein showed thal the average distance tra-
velled by ka Brownian particle is proportional to the squareroot of the elansed time

2. sovurd order Dopplereffect (or ttansverse Doppler effect) the gravitational redshift and th@aquivalence of mass and energy, E = me' The
fi + we o hese ef is were tested at Harwell by Or TedCranshaw ANG colleagues in the Nuciear Physics Division in
1961, using 'w very narrow Y-ray lines of the MdssbauerEtfact and a «tor onginally designed for use in a neutron
chopper anu oy passing Mossbauer rays up the Harwellwater tower Wes hope to be able to publish a less opaquedescription of these experiments in a later issue ) The third,that of mass equivalence was of course vilal in the
pretation of the mass defect of nucle! which leads to energyrelease in fission and fusion the physical mechanism under-
lying both nuclear weapons, and the worlds growing and
increasingly valuable nuclear power programmesEinstein wrote a mass of other papers and held a
sion of academic appointments spending most of his laterlife at the Institute of Advanced Study at Princeton His sec-ond paper on the theory of relatiwity the Grundlage der
Aligerneimen Relatiitatstheore (Basis of theGeneral Theoof Relativity)was published to a storm of controversy in
In # Einstein attempted to move on trom the 'lat special
theory of relativity, which considered only unitorm gravand acceleration tn a straight line, to a generalised wayhandling curved and rotary motion in a universe in whichmatter and space interact Experimenters are still trying tdtest some of the elements in this theory Einstein himself nedto the end to find a wayof bringing together gravity andelec
tromagnetism in a united field theory' publishing each faleure -- as he putit- "to save another fool fromm wasting tine
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on the same idea'
xif he was a fol what hope there for the rest of us?



iol these Independant objs:

We are living In a period of such great
aaternal and internal insecurity and
with such a lack of firm objectives that ment, it fe >

the mere contession of our con-
victions may be significant even if
these convictions, as all value judg- gmered
ments, cannct be proven through log- -

ical deduction.
There arises at once the question:

should we consider the search for tencss
trutt--or, more madestly expressad,

' our efforts to undarstand the know-
1 able universe through constructive
_ logical thought-as an autonomous How

Search for truth be subordinated to
some other objective, for exampis, toa
"practical" one? This question carinot
be decided on a logical! basis. The dc-
cision, however, will havea consider-
able influence upon our thinking and
our moral judgment, provided that it is

, born out of deep and unshakable con-

: viction. Let me then make a contes-
gion: for myself, the struggle to gain

: more insight and understanding is one

jout which a thinking individual woutd

positive attitude toward life.
it 8 the very essence of our striving

for understanding thal, on the one
hand, it attempts to encompass, tho

great and complex variety of man's. iis distressed by tho fact that the re sulls
experience and that, on the other, i!
looks for. simplicity and economy in
the basic assumptions. The belief that
these two objectives can exist side by
side is, in view of the primitive staie of
our scientific knowledge, a matter ot
faith. Without such faith | could not
have alptrong and unshakabie convic-
tion about the independent value of
knowledge.
This, in a sense, ratigious attitude of

man engaged in scientific work has
some influence upon his whole per-
sonality. For apart froin the knowledge
which is offered by accumulated ex-
perience and from the rules of fogical
thinking, there exists in principle for
ths man in science no authority whose
dacigions and statements could have
in themselves a claim to Truth' This
leads. to the paradoxical situation that
a person who devotes ali his atrangth
to objective matters will devatop, from.
8 social poirt of view, into an extreme

thirat fed fecientific knowledge

Sup ori
(4 ay sugges tnat the man

roe it taday could not have

chad eo. come very close to

curse not ever: body who has
to use tools and mathods

rectly of indirectly appear to

waom the mentalily is

ipictaly sliminating muscular wor< He

of his acientific work have crea ed a
threat to mankind since they hav 3 fal-
jen the hands of morally blir d ex-
ponents of political power. He Is con-
scious of the fact that technoicgical
methods, made possible by his work,
have ied to a concentration of eco-
nomic and alse of political power in
the hands of small minorities which
have come to dominate compistely the
lives at the masses of people, who ap-
pear more and mors amorphous. But
even worse: the concentration of eco-
nomic and political power in the hands
of a inw has not onty made the man of
science depandent economically, it
also threatena his independence trom
within; the shrewd methods of in-
tellectual and-pevchic Influances

a boar flip avent the
development of independent pear-
acnaiiios.

man ct ecicace, as we can
otserve with our cwn eyag, suffere a

verity for clanty and inner independ-

superhuman efforts, has machined the
toola which gra being used to mate

at joast in principle,

possible to assert that ence, he himself, through his shoer

him a slave and to destroy him ales

muzzled by those who have politic tl

power in their hands. Ag a soldier he &

forced to sacrifice his own life and o

destroy the lives of othars even whi n
he is convinced of the absurdity 31

such sacrifices. He is fully aware oft
avoidable since historical develop

all economic, political and mitita

power in the bands of national
He also realizes that mankind can only
be saved if a super-national system,
based on law, were created to elimis
nate tor ail time the methods of brute
force. However, the man of science
has sipped so much that he accepts
the stavary inflicted upon him by na-
tional states as his inavitahie fate. He
avan dagrade: himself to such an ex-
tent that he ielps obediently in the
perfection of the means for the gen-

is there really no escapes for the man
of science? Must he really tolerate and
suffer all these indignities ?
is the time gone forever when,

aroused by his inner freedom and the
independence of his thiriking and his
work, he had a chance of enlightening
and enriching the lives of his fellow
humen beings? in placing his work too
much on an intellectual bagis has he
not forgetten about his responsibility
and dignity? My answer is: while it is
true that an inherently tree and
scrupulous person may be destroyed,
such an individual can never be en-
slaved or used as a blind tool.
if the man of science of our day

could find the time and courage to
think honestly and critically over his
situation and the tasks befora him and
if he would act accordingiy, the pos-
sibilities for a sensible and satisfactory
solution of the present dangerous
infernationa: srluation would be con-
siderably improved.

i ever since. from within. He cannot escape belr 3

.. Sams tone that science tact that universal destruction is un

i cou! i not have remained ment has ted to the concentration o

fart that the work of scientist; has 6:..1 destruction of mankind.

ALBERT Esnerein
October 1952

March 1979 The Bulletin |
©
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Wo, die worshippers of ape tacks.

looking Ue Jawaharlal the dress

Condi cad captam the
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ALBERT

Einstein, most eninent among soientiste, tells us thet

tthe fate of the husen race Was wore than ever dependent on

ite moral strength todey. The wey to e joyful happy st-te

is through renunciation and sverywhere'. Va

takes us back suddenly from this proud age of soisnos to the

old philosophers, from the lust for power and the profit

motive to the spirit of renunciation with waich India hes been

se fawiliare Probably most other ecientists of t-dey will
not agree with him ia this ox wae we suyos '4 an absolutely

convinced that mo Wealth ir *hs wort" cam

forward, even in the hands of the most devoted workers in

the cause. The exanple of great ani pure echeractera ia the

only thimg that cam produce fime ideas or mobel deeds.

Money only appéals to selfishness end always teupts ite owners

irresistibly to abuse it'.

The Discovery of Indis,p.¢63.
by Jawaharlal Nehru
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Launched, with typical youthful mthusiasm, a pf) ect
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Bridgna, United States; L. I-fel¢ F. Joliot-
Curie, Frances H.J. Muller, Unttea Staves; L. Paling,
United States; Powell, United "Ningcoms J. Rotblat,
United %ingdom; and H. Japon.( All but

and World Affairs, an institution which continu.s to
wort for the achieveanent of the aims in tne
Manifesto.

The Manifesto led to

The text sexves Well to sum up Einstein's view of
State of the world, and of the of 8

as world citizens:
"In the tragic which confronts humanity,

we feel that sciatists shoulda e in to

appraise the perils that have arisen as a result of sme

development of Weapons of Mass ae.

We are on this occasion, net aS
this or that nation, continet or creed,but es beings,
menbers of the species of Man, wrosSe continued existence is
in doubt. The world is full of weiflictss snc, overshadow-
ing a minor conflicts, the titanic strugsie betvem
Communism and

Almost everybody who is poli cons:ious strong

history, and whose disappearance none em

Feelings

only as members of a

W Shall try to Sav no Single word should
appeal to one group rather than to another. All,
are in peril, and, if the peril is understood, there Is none
that they may collectively avers iu.

The general public, and even many men in positions

in terms of the obliteration of cities. It is Tiree

the nev bombs are more that the old, and that, wile
Abomb could obliterate Hiroshima, One h-somb ob-

literatc the larzest cities, such as London, evr and
Moscows

The gmersl public still teis

No doubt in an H-Bsomb war great cities woulc be
obliterated. Bit this is one of the minor that
would have to be facede If everytocy in London, New York ana
Moscow were exterminated, the world mi cht, in the course of
a fav centuries, recover from the blow. But wenow know,
especially since the Bikini test, that nuclear bombs can
Spread destruction over a very much wider area than nad bee
Suppos ede

It is stated on very good autho ri ty that . bomb cam
now be will hs

as that which destroyed Hiroshima.



Sith a bomb, if exploded near the ground or under
Water, Smds radioactive particles into the upper afr,They Sink gradually and reach the surfece of the earth inthe form of a deadly Just or rain. It was this cust whichinflected the Japanese fishermen and their gatch of fish.

put an end the human race. It is feared that if manyH-bombS are uSed there will be universal death~sudden onlyfor a minority, but for themajority a slow torture of
and disintegration.

Will.say that theis thet these results are possible, and no can be surethat they will uot be realized. We have not yet found thatthe views of experts depend in any degree unon their noliticsOr prejudices. They depend only, so far as ourNave revealed, upon the eXtent of the particular exoert!
moss gloony.

Here, then, is the problem which we oresent to you,Stark and dreodful -nd inescapable: Shall we put an end to the
human race; or shall mankind renounce War? nos faceHis alternative because it is so difficult to 2b

of national SOVSrelMmty. But what perhaps impedes unders
ding of the situation more thgg anythine else is thet the tou
imagination thav the danger is to themselves god their
aumanity. They can scarcely bring themselves to grasp thet tey,individually, and those who they love are in dang crof perishing agonizingly. And so they hogg that
may be allowed to continue provided modern weaponshi bited.

an

This hope is illusory. Jheteve: .

use the H~bombs had been reached in time of peace, they would
no longer be considered binding in time to war, and both
Sides would Set to woz! to manufacture H-bomis as som as
broke out, for, if one side manufactured the bombs and tne
Other cid not, the side that manufactured thar would inevite-
bly be victorious,

vs

Although an to renoume nuclear weapons as

ultimate Solution, it would serve certain important purposes.
First: Any agreanent between Est and West is to oil

present keeps both sides in a State of nervous apprenension.
We Shoulda, therefore, welcome such an only
aS a first step.

Most of us are not neutral in felling, but, as
beings, we nave to remember tht, if the issues
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Communist, r Asian or Hurove an or MMerican, whether
white or black, th en theSe issues mu st not be det by

in
We should wish this to be understood, both

Ware
Fast end in tne 'Jeste

There lies before us, if We chooss, co
knowLedze and wisdom. Shall we,progress in happiness, auarr sls?instead, choose deatn, bec~use we cmnot forget our

to human beings: R-memder your
we appeal, as. human bein: s,
humanity and for zet the rest. If you ecw ao SO 9 Cle Way

if pou cannot, thre eslies open to a new paradise;
pefore you the risk of Sal death'.
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Albert #instein

¢ b. 14 March, 1879 9
d. 18 April, 1955 )

Quotations from Einstein's Writings
( By Courtesy of Dr. D.S. Kothari )

On Scienti fic Truth

Itis difficult even to attach a precise meaning to
the term truth", Tims the meaning of the
wor 'truth! varies according to Whether we deal
with a fact of experience, a proposition,
or a sClentific theory, "Religious truth" conveys
nothing clear to me at all.

It. Scientific research can reduce superstitution by a@-

work of a hisher order.

of experience. represents my conception of God. In
common parlence this may be described as "pantheisvic"
(Spinoza),

Ive Denominational traditiona I can only consider histori-
Cally and psycholog cally; they have no other signifi-
Cance lor Me.
(1925) (a.Hinstein, Ideas and Opinions; Crown Pub.

1954, p 261)

o

liberation from the self. (193%) (ibid p.12)
I am absolutely convinced that no wealth in the worle

can help forward, even in the hands of the mose
devoted worker in this cauSe. The example of gre.t and
pure individuals is the only thing that can lead us to
noble thouzhts and deeds. Money only appeals to selfisimess
and invites

Can anyone imagine Moses, Jesus, or Gandhi with
the money-bags of Carnegie? (1934) (ibid p. 12)

The Most Bewti ful eri ence
We ean have is the mysterious. Itis the fundameitel

Science. Whoever does not know it and can no longer

dimmed. It was the of mystery-even if mixed
with fear-that engendered religion. <A of
existence o somethinz we cannot pmetrate, our oergeptions
of the profoundest reason the most radiant bea,
which only in their most primitive forms are accessible
to our minds-it is this knowledge and this emotion tha»

alone, I am a deeply religious man. I eannot conceiv@ of
a God who r@ards and punishes his creatures, or Nas 4

can I nor would I want to conceive of an individual thoe
survive his physical death; let feeble souls, from reaf or
WLLL of the kind that we ve
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existigg world, together with the devoted striving to com-
prehend a portion, be it ever so tiny, of tne Beason that
manifests itself in nature. 01931) (ibid De Dy)

Science Without religion is Lames

Sclence can only be created by thoSe 'rho are thoroucth=ly imbued with the aspiration toward truth and understandin.
This source of feeling, however, springs from the Snhers of

To this there also belongs the faith in the poss~ibility that the rezulations valid for the world of existing
are rational, that is, comprehensible to reason. I emnot
conceive of a genuine scientist without that faith.

d p 48) talics add ed)

When asked (during a SeriouS illness) wheth-r he wes
at all afraid of death, Hinstein said, "I feel such a sese
of solidarity with al} living things thst it coes not inetter
to where the individual besins and ends". Ane ne said,
'There is nothing in the world which I could not dispense
with at a moment's notice', (Max, 30m Kins 0

Macmillan) °

Strange is the lot of mortals:

How strange is the lotofus mortals. Gacn of us is
here for a brief for what purpose ne knows not,
though he sometimes things he Sensecs it. 341 deeoct
reflection one knows from daily life that one e: ists for
other people-first of all for thoSe upon whose smilms and
wellbeing our own happiness is whol ly decendent, and tna

mySelf that my inner and outer life are baSed on the labo
of other and deac, and that must exert
in order to give in the same measure as I have received
and am Still receiving. I am Strongly drawn to a frugal lifo

distin¢tions as unjustivied and, in the last based
on force. I also believe that a simple and >life is good for everybody, physically and meitally.

by the ties sympathy. hundred times every d:y I renind
or

I do not at all believe in mma in tio
losophical SenSce rybody acts not only undsr ext-mol
compul sion but also in acmmrdance with inner neces sits
Schopenhauev's Saying, "Aman can do wnat ne wants, Heb not
want what he Wants," has beon a very rel inspiration vo Me
Since my youth; it has teen a ont nual consol in the

well=spring of tolerance. This realization
gates the easily paralyZing sense of ang
prevents us from taking ourselves and other peooie all too

face of life's hardships, my own and others",

ewof lite nicn, var-

On Frecdoms.
Sy,

Only if outward and inuer freedom are constantly anc
consciously pursued is there a pos sibility of spiritual dave-
lopment and perfection and of imp man's

as. ad
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Qn Gods.

'Rabbi Herbert S. Goldstein of New Y-r cabledEinstein (April 1629): "Do you believe in dod? Bins teincabled back: believe in gpinoZa's God, who reveelshimself in the harmony of all being, not in a God whoconcerns himself with the fafe and action of wen", Itwould heve ween impossible for Sinstein to vive the rabbi amore pointed reply or one which came cloSer to his ow inner=most convictions. Mamya time, when anew theory ap pearedto him or forced, he ramarred: "Goa doesi!t do
anything like that." I have oftm felt aa occasionally alsoStated that Einstein stands in particularly intimate relationto the God of Spinoza', (A. Sommerfeld in albert Zinstein,
PM@Mosopher~Scientist, The library of Living PhilosophersEditor Paul A. Schilpo, 1949, p 103)

nstein on Mahatma Gandhi:

Qn the Occasion-of Gandhi's1939, (Putlished in Out of My Later Yeers, Mar YorksPhilo sophical Library, 1950)

A leader of his people, unsupported by any outwardauthority: a politician whose success rests not unon craftfor the mastery of technical devices, but simply on the con-
has always scopned the use of forces aman of wisdom end hu-mility, with reso ve and inflexible whohas devoted all his strength to the uplifting of veopleand the bet.crment of their lots aman who has co vonted the
being, and thus at all times rise superior,

the simole mman

such a one as this ever in flesh snd tlood walked uponthis earth. (Ideas and Opinions, ibid, p 77,

The impact on Binstein of the views of Mach
"ais well mown. To quote Binstein (Albert @instein: Philo-

Sopher Sciehtist: P... Schilpp p. 21 (1949) :

"We must not be surprised, therefore thet, so to
Speak, all physicists of the last century saw in classical
mechanics a firm and final foundation for physics, yes,tindeed, for all natural selences.. It was Smst bach Who,in his of Mechanics, shook this domatic faith;thiS book exercised a profound influence upon in thisgard while I was a student. I see Machts Sreatness in his
incorruptible scepticism and indesmdsnce; in my younseryears, however, Mach's epistemological position alsoeiced me very greatly, a poSition which today aonears to meto be essentially untenable.

it is notevorthy thot Mach was influenced to a cons-iderable degree by India Philosophic Schro-edinger obServes (My view of the "Jo rld, Cambridze Un_versityPress (1964) p.37): "Lf, look back at tact ideaof Mach, Avenarius and Schuppe we outlin ed e.rlicron; We Shal! realize that it comes as near to orthodox
dogme of the Upanisheds as it could possibly do withoutStating it expressis. verbisi',

In his The Analysis of Sensations Dover Publication),Mach argues th t the two view - stationary sarth,
onnosi te
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equally well-adapted to their special pursoses". Bt to
accept this equivalence is nothing, as he points out, incomparision to the simple truth based On
psychological analysis that the Tego" the is no thingat all but a transitory connexion chanzinz Fm pag

@ HeSays (p25): "The ego must he given up. It S partlyception of this fact, partly the fear of it; tht has

absurdities. In the long TUT] we shall not De able to cloSe

renounce individual immortality, and not pl ce mon Vlveupon the subsidiary elements than upon the ones,In this way we shall arrive at a freer and moveview of life, which will preclude the cisregard of otheregoS afd the over-eStimation of our own!

lt. UO

ances of optireligious $
mism and to numerous ascetic cA

1 Simple truth. which is
11Ve be.

O} ccome
7

OL psychological analysis... the

itened

Mach especially refers to Buddhism. He Says(footnote p. 355) 1For thous aids of years BucdhismhaS been approaching this conception from Sne practicalSide". He speakS of the wonderful story unfob-ded" inPaul Carus's Kama, A Storyo Harly Bu Chicage1694); also The Gospel of Buddha

Mes -aze from Bins tein for the Ihysics J,University ( Febraary 24,1940)
De

"This is the sentenee expressing my zood wishesfor your new Physics Laboratory:

and without wye-conceived ide as aid you will
weep good comradesmyp and wort
be Nao 2 in your wore

Aw Binstein
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This brief collection of direct and indirect
quotations by or about Albert Einstein is
offered as a tribute in honour of the centenary
of his birth. The selection makes no attempt
to be complete but does try to be representative
of his attitude towards science and mathematics.
As this selection is addressed to a primarily
scientific audience, his views concerning his
two most important creations, quantum theory
and relativity, are particularly stressed
toward the end.

The moet beautiful experience we can have is the mysterious.
It is the fundamental emotion which stands at the cradle of crue art
and true science, Whoever does not know it and can no lomerwonder,
no longer marvel, is as good as dead, and his eyes are dimmec.

from The World as I See <t,
by A. Einstein (Philosophical

Library: New York, 1934

I believe with Schopenhauer that one of the stronges: motives
that lead persons to art and science is flight from the everyday life,
with its painful harshness and wretched dreariness, and from the
fetters of one's own shifting desires. One who is more finely tempered
is driven to escape from personal existence and to the world ¢f objec-
tive observing and understanding. This motive can be comparec with the
longing that irresistibly pulls the town dweller away from his noisy,
cramped quarters and toward the silent, high mountains, where whe eye
ranges freely through the still, pure air and traces the calm contours
that seem to be made for eternity.

With this negative motive there goes a positive one, fan seeks
to form for himself in whatever manner is suitable for him, asmplified
and lucid image of the world, and so to overcome the world of experience
by striving to replace it to some extent by this image. This what
the painter does, and the poet, the speculative philosopher, tre
natural scientist, each in his own way. Into this image and i%s

formation, he places the centre of gravity of his emotional lite, in
order to attain the peace and serenity that he cannot find within the
narrow confines of swirling, personal experience.

from the Scientific Imagination
Case Studies (page 231), by

G. Holton (Cambridge
'University Press: Cambridge, 1978)

Kenneth Brecher is Professor of Physics at the Massachusetts
Institute of Technology. Cambridge, Massachusetts,
All quotations are reproduced with the permission of the publishers
or of the Estate of Albert Cinstein.
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The most incomprehensible thing about the universe is that itis comprehensible,

in Albert Einstein: Creator and
Rebel (page 18), by Banesh

Hoffman (Viking: New York,
1972; Hart-Davis, MacGibbon:

London, 1974;
Paladin: London, 1977)

Out yonder there was this huge world, which exists independentlyof us human beings and which stands before use like a great, eternalriddle, at least partially accessible to our inspection,

from "Autobiographical Notes" in
Albert Einstein: Philosopher=Scientist
edited by E.A, Schilpp (Harper and

Row: New York, 1959)
To the sphere of religion belon gs the faith that the regulationsvalid for the world of existence are rational, that it is comprehensibleto reason, I cannot conceive of a genuine scientist without that

profound faith. The situation may be expressed by an image: Sciencewithout religion if lame, religian without science is blind.

in Einstein: His Life and
Times, by P. Frank

(Knopf: New York, 1947)
Of all the communities available to us, there is not one Iwould want to, devate myself to, except for the society of true searchers,which has very few living memberS at any time,

in letter to Max Born, April
29, from the Dorn1924,

Einstein Letters, by M. Born
(Jalker: New York, 1971)

In every true searcher of Nature there is a kind of religiousreverence; for he finds it impossible to imagine that he is the firstto have thought out the exceedingly delicate threads that connect hisperceptions, The aspect of knowledge which has not yet been laid baregives the investigator a feeling akin to that experienced by a childwho seeks to grasp the masterly way in which elders manipulate things,

in Conversations with Einstein,
by A, Moszkowski (Horizon

New York, 1970)
What I'm really interested in is whether God could have madethe world in a different way; that is, whether the necessity oflogical simplicity leaves any freedom at all.

to Ernst Straus, quoted in
The Scientific Imagination Case

Studies, by G. Holton
(Cambridge University Press

Cambridge, 1978

I want to know how God created this world. I am not interestedin this or that phenomenon, in the spectrum of this or that clement.I want to know His thoughts, the rest are details,

1
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in Einstein: The Life and
Times, by R.W. Clark (World
Publishing: New York, 1971:

Hodder and Stoughton:
London 1979 )

God is cunning but He is not malicious (Raffiniert ist der Herr
Gott aber boshaft ist Er nicht.)

inscribed at Princeton

Physics is essentially an intuitive and concret¢ science.
Mathematics is only a means for expressing the laws that govern phenomena.

from Lettres a Maurice
Solovine, by A, Einstein

(Gauthier - Villars; Paris 1955)

God does not care about our mathematical difficulties. ie
integrates empirically.

in Quest (pace 279), by L.
Infeld (Gollarez: London 1942)

How can it be that mathematics, being after all a product af
human thought which is independent cf experience, is so admirably
appropriate to the objects of reality? Is human reason, then, without
experience, merely by taking thought, able to fathom the prosexties of
real things? In my opinion the answer to this question is, briefly,
this; as far at the propositions of mathematics refer 0 reality, they
are not certain; and as far as they arm certain, they do not refer to
reality.

from *Geametry and Experience".
in Ideas anc Opinions (page 233),

by A, Einstein (Crown;
New York, 1954)

In the matter of physics, the first lessons. should contain
nothing but what is exocrimental and interesting to gee, A pretty
experiment is in itself often more valuable than twenty formulae
extracted from our minds; it is particularly important that a young
mind that has yet to find its way about in the world of phenomena shoul
be spared from fomulae altogether. In his physics they play oxactiy
the same weird and fearful part as the figures of dates in Universal
History.

from Conversations with
Einstein, by A, Moszkowski

What applies to jokes, I suppose, also applies to pictures and
to plays. I think they should not smell of alogical scheme, but of a
delicious fragment of life, scintillating with various colours according
to the position of the beholder, If one wants to get away from this
vagueness one must take up mathematics. And even then one reaches ona'ts
aim only by becoming completely insubstantial under the dissecting knife
of clarity. Living matter and clarity are opposites-they run away from
One another. We are.now experiencing this rather tragically in physics.

(Horizon: New York, 1970)
~

in letter to Max Dorn, January
15, 1927, from The Born-

Einstein Letters, by M. Born
(Walker: New York, 1971)
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It is in fact, nothing short of a miracle that the modern methods
of instruction have not yet entirely strangled the holy curiosity of
enquiry; for this delicate plant, aside from stimulation, stands mainly
in need of freedom; without this it goes ta wrack and ruin without fail.

4

from "Autobiographical
Notes", in \lbect Einstei.:

Philosopher-Scientist, editeu by
E.A. Schilpp (Harper and

Rows: New York, 1959)

The only rational way of education is oa be an example - if one

can't help it, @ warning example.

To punish me for my contempt for authority, Fate made me an

authority myself.
Creator andin Albert Einstein:

Rebel (page 24), by Danesh
Hoffman (Viking:

New York, 1972;
MacGibbon: London, 1973;

Paladin: london, 1977)

Great spirits have always encountered violent opposition from
mediocre minds.

I remember a beautiful remark of his when he criticized a well-
known American physicist. Einstein said he "couldn't really understand

Einsteinhow anybody could know so much and understand so little
always emphasized that you could know too many facts and get lost
among them.

in Einstein:E. H. Hutten,
The Man and His Achievement,
edited by G.J. Whitrow
(Dover: New, York, 1973)

About ten years ago I spoke with Einstein about the astomishing
fact that so many ministers of various denominations are strongly
interested in the theory of relativity. Einstein said that according

theee are more clergymen interested in relativityto his estimation
than physicists. A little puzzled I asked him how he would explain

fact. He answered, a little smiling, "Decause clergymenthis strange
are interested in the general laws of nature and physicists, very often,
are not," Another day we spoke about a certain physicist who had very
little success in his research work. Mostly he attacked problems
which offered tremendous difficulties,

By most of his colleagues he was not rated very highly, Einstein,
I admire this type af man. I have littlehowever, said about him,

patience with scientists who take a board of woad, look for its thinnest
part and drill a great number of holes where drilling is easy'.

Philipp Frank, "Einstein's
Philosophy of Science", in

Reviews of Modern Physics,
cl, 349 (1949)

I might begin with a true story that some of you may know

concerning a conversation between Einstein and the French poet Valery.
When Einstein first came te Paris, a well know hostess achicved the
triumph of having both Einstein and Valery in her drawing-room, and

arranged for a conversation between the two that everone else could
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listen to. As you know, Valery's mania was to say that he was more
interested in the pracess of creation than in the actual opus which
came out of this creative process .... and he started asking ques-
tions of Einstein about how he wodked.

"How do you work, and could you tell us something of this?" Einstein
was very vague it,
He said, "Well, I don't know .,.. I go out in the morning and take.
a walk,"
"Oh", said Valery, "Interesting, and of course you have a natcbook
and whenever you have an idea you write it out in your notebook,"
"Qht, said Einstein, "No I don't".
"Indeed, you don't?
"Well you know, an idea is so rare,"
That is really as much as I think can be said as to really great
creativity.

J. Monon, in the Creative
Process in Science and

Medicine, edited by H.A.
Keebs and J.H. Shelley

(Elsevier: New York, 1975)

He was asked whether he thought that everything could ultimatcly be

expressed in scientific terms, Einstein replied: "Yes, thet is
conceivable, but it would make no sensm, It would be as if one were
to reproduce Deethoven's Ninth Symphony in the form of an air
pressure curve,"

G

G. Born, in The Creative
Process in Science and

Medicine, edited by H.A,
Krebs and J.H. Shelley

(Elsevier: New York, 1975)

During his Zurich stay the woman doctor, Paulette Brubaecher,
asked the whereabouts of his Laboratory. 'With a smile he took a

fountain pen out of his breast pocket and said: "Here".

from Albert Einstein: A

Documentary Diogranhy, by
C.Seelig (Staples: London, 1956)

The most important tool of the theoretical physicist is his
westebasket.

told by P. Morrison

Just as it is the pride of many people never to have any time,
so it has been Einstein's always to have time, I recall a visit I

once paid him on which we decided to visit the astrophysical opservatory
at Potsdam together. We agreed to mect,sn a certain bridge in Potsdan,
but since I was a good deal of a stranger in Berlin, I said I could
not promise to be there at the appointed time,

the bridge."
I suggested that that might wastc too much of his time.

anywhere. Why should I be less capable of reflecting about my problems
on the Potsdam bridge than at home?"

"Ooh" ' Said Einstein, "that makes no difference; then I will wait on

Oh" na Was the rejoinder the kind of work I do can be done

in Einstein, His Life and
Times (page 116), by P. Frank

(Knopf: New York, 1947)
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The friendship of my thesis professor, Rudolf Ladenbury, and
They had been together in Berlin beforeEinsteinwas 3 long one.

coming to Princeton, Latdenburg liked to tell of their first meeting
avout 1908, when he called upon Einstein in the Swiss Patent Office.
Einstein told him that he was the first physicist that he had seen
in five years. During these years Einstein had done much of his

his desk and said thatimportant e af out one crawer af
it was his theoretical physics office. His duty of reading patents
book little time, and he worked upon physics whemever he was free.

Ame J.Y. Deers, PhySey
46, 506 (1973)

I never think of the future, it comes soon enough.

Who would have thought around 1900 that in fifty years time we

would know so much more and understand so much less ... Nowadays, onc
can be happy if one is not trampled down by the stampede of the buffalos.

in Albert Einstein and the
Cosmic World Order, by C.

Lanczos (Wiley: New York, 1965)

A theory is the more impressive the greater the simplicity of
its premise is, the more different kinds of things it relates, and
the more extended is its area of applicability. It (thermodynamics )

is the only physical theory of universal content concerning which I

am convinced that, within the framework of applicability of its pasic
it will never be overthrownconcepts,

from "Autobiographical
in Albert EinsteinsNotes",

Philosopher-Scientist, edited by
E.A. Schilpp (Harper and vow:

Now York, 14959)

It was therefore quite a shock when he said, vw ut why should
anybody be interested in getting exact solutions of such an ephemeral
set af equations?", I remember very well this work "ephemeral". It
meant that he did not consider his gravitational equations as the
last word.

in Einstcin:by C. Lanczos,
The Man and His Achievement

(Page 49), edited by G.d.
Whitrow (Dover: New York, 1973)

But it (general relatively) is similar to a building, one winy
of which is made of fine marble (left part of the equation), but the
other wing of which is built of low grade wood (right side of the

The phenomenological representation of matter is, in fact,equation).
only a crude su for a representation which would do justice
to all known propertics of matter,

from "Physics and feality"
(1936), reprinted in Ldeas and

Opinions (paye 311), by Albert
Einstein (Crowns:
New York, 1954)

I can, if the worst comes to the worst, still realise that the
Good Lord may have created a world in which there are no natural laws.

chaos. But that, there should be statistical laws withIn short,



definite solutions, i.e., laws which compel the Good Lord to throw
the dice in each individusl case, I find highly disagreeable.

in Albert Einstein:
Documentary Diography,

C, Seolig (Staples:
London, 1956)

A

by

al objects, which I try to grasp in a
You believe in a dice pl aying God and I in perfect laws in the

world of things existing és
wildly speculative way.

re

from letter to Max Jorn,
quoted in Albert Einstcin:

Philosopher-Scientist (page
176), edited by E.A, Schilpp

Harper and "ow:
New York, 1959)

T ne present theorv of relativity 1s based on division of
physical reality into a metric field (gravitation) on the one hand,
and inte an electromagnetic field and matter on the other hand. [In

rgality space will probabiy be of a uniform character and the present
theory be valid only as a limiting case, For large densities of fidd
and of matter, thea field equations and even the field variables which
enter into them will have no réal significance, One may not therefore
assume the validity of the equations for very high density of field
and of matter, and one may not conclude that the "Deginning of the
expansion" must mean a singularity in the mathematical sense. All we

have to realise is 'that tha equations may not be continued over such

regions,
in the Meaning of Relativity
(page 129), fifth cdition, by
Albert Einstein (Princeton

University Press:
New Jersey, 1956)

Quantum mechanics is certainly imposing. jut an inner voice
tells me that it is not yet the real thing. The theory says 4 lot,
but does not really Fang us any closer to the secret of the'ald one',
I, at any rate, am convinced that He is not playing at dice.

from a letter to Max Dorn,
December 4, 1926, from The
Born-Einstein Letters, i3 M.

Born (Walker:
New York,1971)

The Heisenberg-Dohr tranquilizing philosophy - of religion?

gentle pillow for the true believer from which he cannot vory easily
£ novides ais lelicately contrived that for the time being,

be aroused, So let him lic there.

in a letter cf ©. Schrodinger,
May 31,, 1928, from Letters on

Wave Mechanics (page 31),
edited by K. Przibram
(Philosophical Library:

New York, 1967)

4

Is it conceivable that a field theory permits one to understand
the atomistic and quantum structure of reality? Almost everybody will
answer this question with Moot, But I believe that at. the present
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This is so because wetime nobody knows anything abcut it,
cannct judge in what manner and hov strongly the exclusion of singu-
larities reduces the manifold if

We can give gooc reasons why reclity cannot at all be represented
by a continuous field, From th quintum phenomena it appears to follow

rari Show rwith certainty ther finite energy can be completely
described descrived by Thisa set of members (quantum numbers).
does not seem to athne in accordance a cantinuum theory, and must
lead to an attempt to find a purely algebraic theory for description of
roality. Sut nobedy knows how ta obtain the basis of such a theory,

in The Meaning of Relativity
(page 165), fifth edition, by

Albert Einstein (Princeton
University Press:
New Jersey, 1956)

You imagine that I look back on my life's work with calm satis-
faction, Dut from nearby it look quite different. There is not a

and Isingle concept of which I am convinced that it will stand firm,
I dontt-feel uncertain whether I am in general on the right tract oes?

want te be right I only want to know whether I am right.

from Lettres a Maurice
Solovine, by Albert Einstein

(Gauthier-Villars: 1956)Paris,
TGne thing A have learned in a long life: that all our science,

against reality, is primitive and childlike - and yet it is
the woss precious thing we have

frontispiece to Albert Einstein: .

Creator and Rebel,
by Eenesh Hoffman (Viking:
New York, 1972: Hart-Davis,
MacG London, 1973:
Paladin: 1977:London,

The assence of aman like me lies just in what he thinks and
how he think not in what he does or suffers,

From "Autobiographical
Notes", in Albert Einstein:
Philosopher-Scientist, edited by

A Schilpp (Harper and
Row: New York, 1959)
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Finstein's Creative Thinking and the Ceneral Theory of
Relativity: A Documented Report
BY ALBERT ROTHEABERG, M.D.

é

A document written by Albert binstea has recently
come fo light in which the eminent screntist described
the actual sequence ofhis thoughts-leading to the

*
development of the general theory of rélativity. The

creative cognifien the author has previously
designated "Janusian thinking. Janusian thinking
consists ofactively conceiving two or more opposite or
antithetical concepts, ideas, or images
Stinultanevusly. This form of high-level secondary
Process cognition has been found ta.uperate widely in
art, science andotherfields. ot

ALBERT Einsttin was clearly one of the world's must
Creative scientists. Among his many accomplish-
ments, the formulation of the general theory of relativ-
ity stands out as one of the most far-reaching scientific
events in the modern era. As a new theory of gravita-
lion, it embraced Newton's classic theory as a special
case and allowed for extensive and grand conclusions
about the universe as a whole. At the very least, the
accomplishments and accumulated knowledge of mod-

astrophysics can be (raced this theory and the
dramatic contirmations of its prediétions in 1919 from

Because of his importance and the exalted nature of
his accomplishments, many speculations have urtsen
ehout the roots of Finstein's genius and Creativity (l-
How generally Known facts that Einstein learned to
speak late, did nat perform well in his early schoul

throughout his life Emphasis has been placed.on the
visual nature of his thinking, which he reported.& his

9, 1977: revived Dew 1, 1977 accepted March 29, 19x
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conc Hadazard {S) and to Wertheimer 7). Be-
cause of Einstein's gentle and somewhat introverted
personalicy and because visual thinking is often erro-
neously considered more primitive and more charac-
teristic of childhood than verbal thinking, some have
asserted that Einstein thought as a child thinks. This
type of conclusion roughly coincides with many psy-
choanalytic formulations about creativity that postu-

(2-41).
Tracing specific factors ofcreative thinking is highly

complex and difficult, especially in science. Scientists
rely so heavily on the contributions af their colleagues
and predecessors and so much good scientific work de-
rives directly from perseverance, memory, and logical
Capacity that it is hard to isolate and identify special
kinds of thinking or skills in an individual discovery.
Moreover, even when something is Known about a sci-
entist's personality, cognitive modes, and outlook,
specific data ure needed before it is possible to connect
any particulir personality factors or modes to a specif-
i¢ attainment or discovery. The assertions of childish,
primitive thinking in Einstein's discoveries ure espe-
ciully bused un surmise and specylation. Even the em-
phasis on visual and geometric thinking, plausible us it
may be, derives only from Binstein's sketchy und gen-
eral descriptions to Hadamard, As with most scien-
tists, Einstein gave out very information duringhis lifetime about the circumstances or specific se-
quences of thought connected with any of his attain-

An important document hgs recently come to light,
ments. i
however, This document pfovides a direct and de-
tailed account by instein himself of the actual think-
ing that led to his discovery of the crucially important
general theory of relativity Still unpublished in its en-

it was written in Eigstein's own hand in approx-
imately 1919 and tilled by him (in translation from the
German) 'Fundamental fdeas and Methods of Relativ-
ity Theory, Presented if Their Development." tt was
found alter Einstein's death among his personal effects
and includes an unusu@lly explicit personal statement
by a man whose writings are almost invariably scien-

or impersonal. Hveu Einstein's autobiographical
Hotes, written at age 67, consist primarily of an exposi-

The section shall quote was subtitled by Einstein
The Fundamental Idea of General Relativity in Its
Original Form. Pfof, Gerald Holton published other

{
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translated versions and portions of these passages in inthe sar1973 (5) and 1975 (13) The entire document 85 mn the
Bravitational fictd fall with the same mecelerafon sme tok or Shroveh this tonvderation aEinstem Archives at the Princeton Instrute for Ad deep physi al meaning Por there is even one thingvanced Study The section f shall quote was translated which fails nth teld than do theby Professor Holton and was made avatlable to me hy athers the observer wuy Lb ay me ams of it that hethe executors of the F instem Estate Otto Nathan and as CUM

onfallingn Bota such Tithing does not exist
Helen Dukas The section begins with Binstein 5 das. ence has comhraed with erat the observercussion of considerations mvolved in his discovery of thr fenvell ast sHeng on

field he fs the rahe toyspecial relativity theory the theory he expanded and his state as thatofre ¢apphed to gravit ition in his general theory of relative mths vudronnding oath ge spect
fteld beetty These coustdcrations involve a seeming dscrepancy of interpretation arising from the Maxwell | orent7 of

Fhe Feet known from caper nee tht in
free Fall ws ane remdent iy ts tharclore gptheory explaming Earaday s work on electromagnetic miphty that the of teLatexity ws tainduction etended fo coordit te systear Chat ate THOS Hp Hon uti
formly relative to one anethe:

in the development of special theory
thought - nol picviously mentioncd The hippest thought of Finstam ife as describedday s wark on te induction played for me thhore was the formufation af provided the foundation

for the general theory of rela nal [rom the ¢ «postAccording to Farad iy, when a magnets om telitve mo tos clear that thishon with respect to 1 condiciing cucu ane lectin cus
happiest thought War his

underscored there phi se, foran ob-rent is induced in the latter Its all the 5 ime whether the
Magnet moves or the conductor onty the rcfative motion

server PAW free fall from the 1 Me of a house there euytr
counts, according to the Mwwell forents theory How during dis fall no ural was
ever, the theorctic into rprctation of the phenomenon in

not refering to the though the mmedtate-
these two cu ses 1s quite different Iv previous scntence traphs, hepuincatler
The thought that one ts dealing here with twa funda had mide at clear that he had has wn mind for sone

mentally different cases was forme unbearable atl pur time fhe idea of an analegy hulwecn cluctromapneticthe difference between these two Cases induction and gravity The andogn thought in othercould net be a red) diflerence but rather om omy con words, was the Formulation of the problem, and theviction could be only a difference in the chowe of refer underscored wea was the solution Its important toence point Judged from the magnet there cortamly were emphasize thts hecause the esposr on medicates manyno electric elds judged from the condecting circuit there nake thisoywtffactorscetlainty was 7 tt
4 Wastad Uiscovery SULT as HS bas complete knowledge oftherefore 8 relative one, depending on the tate ofmotionof the coord ite system bemp used asd a kind of objec

theories and facts hrs extraordinary intelligence and
tive reality could be printed only to the hy. sstonafe des to solving the prob.

a ban fearnetic field together quite apart from the state of weve'? athe substance of
the matter -seen in bis statement The thought thatmotion ot the observer or the coordinate "ysi_m The phenomenon of the electromgnrtic 'uc on forced me to one 1s bere with wo fund imentally diferent

postulate the (special) principle Gases Was forgo up cearable Cass worthy ofWhen in the year 7947 I was working on a Summury attention ard analysis, but Linstem s creattve leer ofessay concerning the special theory of relatevity for the thonght 83 discovered here for the first time ClearlyYearbook for Radwactivity and Electrons | tried to theug ofonehapprestnethisspecilicd HosMemodify Newton » theary of gravitation such a way that
ft would fit into the theory Attempts im this direction

Finstein 5 ide -which requnes explication The leap
showed the possibrlit y of carrying out this enterprise, but

of thought Finstein described 15 an instance of a psy-
they did not s me because they had to be supported chological process Phove previously on 1269 and 197
by hypotheses without physical basis AL thaf point there defined iscssed tested experimentally. and desig-
came to me the happiest thought of mv life im the follow nated ''Janustan thinking (1418)
ing form
Just asm the case where an electric field 15 produced by

electromagnetic induction the Bravitational held sirnilarly IANUSIAN THINKINGhas only a relative existence 7 wey for anabserverinfresfall from the roof of a noase there fas fall Janusian thinking consists af conceningno gravitational Sida {einstein 5 stalics|-at least not in
his immediate vicinity If the observer releaces any ob-

mmo or more opposite or antithe linaf concepts udeas,
orimages stniultancenusty, both as cxtsting side by sidejects, they will remain relative to in astote of rest. or

in a state Of uniform motion independent of their particu
and/or as equally operative or equally true In order to

lar chemical and physical nature (in this consaforiten clinty the creative nature of this tvpe of thinking, I
One mus! naturally neglect at resistance } The observer ts shall first bnefly revies. Wie vese Ty, h that 'ed to tts dis-
therefore justtied ta consderng sine as ane of covery and then return to shov how its manifest in
rest Fiostemn 5 dramatic formulation

empirical tis that alll odies Javusian think ng wis discovered through emptrical
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These characters were noi to be represented as ghosts
but as lost persons struggling to survive and to under
stand what had happened to them (20). Another { b-

Ject of mine. a novelist. during an early phase of think-
ing about a novel's plot, conceived of a revolutionary
hero us responsible for the deaths of hundreds of
people but killing only one person with his own hand, a.
person who had been kind to him and whom he loved.
Much of the subsequent novel became an elaboration
of this eurly idea.
One subject. who was a poet, conceived the central

image of a poem when he thought of horses as both
human and beasts simultaneously, that is, horses were
beasts but they lived human lives, they were not hu-
man ad were human at the same time (20, 22). Anoth-
er poei, walking on a beach, came on some rocks and
though': the rocks are heavy, they are weapons of vio-
lence b it, at the same time. they feel like human skin.
This ips niration led to the construction of a poem con-
cerning he relationship between sex and violence in
the work'. That sex and violence have much in com-
mon was in immediate formulation at the time of per-
ceiving th: antithetical qualities of the rocks. For an
example f om painting, a careful analysis cf Picasso's
drawings end the successive stages of his creation of
the great n ural €Guernica leads to the conclusion that
his earliest conception, visually formulated, was of a
woman (holding a torch in the completed mural) look-
ing both inside a room and outside onto a courtyard at
the same time (20). In context. all of these creative
constructions involved high-level, conscious, abstract
thinking. As a psychological process, Janusian think-
ing is a compl x, nonprimitive form of cognition.

EINSTEIN'S CREATIVE COGNITION

The sentence following Einstein's underscored and
happiest thought is, 'The observer is therefore justi-
fied in considerin;, is state as one of 'rest.' " Adding
this, Einstein clarified the essence of his thought. As
he surely knew, th: observer falling from the roof of a
house is in a state uf motion, he is moving during his
fall. However, as Einstein conceived it in this formula-
tion, the observer is simultaneously in a state of rest;
the observer is thus jn motion and at rest at the same
time. This was Einstein's observation about a physical
circumstance that allowed him to modify Newton's
theory of gravitation so that it would fit into relativity
theory. It imbuded the ''extraordinarily curious empir-
ical law that all bodies in the same gravitational field
fall with the same aceleration'' with a 'deep physical
meaning.' From the formulation that an observer in
itee fall is both at resi and in motion at the same time,
Einstein was able to postulate the relativity of motion
in coordinate systems. Thus, the crucial step in the de-
velopment of the gcucral theory of relativity, Ein-
stein's creative leap, was a formulation of the opposite
states ofmotion and rest operating simultaneously. an
instance of Janusian thinking.

A BI RH KUTNENBERU

That Einstein knowingly formulated a condition of
simuitanesus antithesis ts clear from the discussion in
context. IneecSnary experience, falling or being in mo-
tion and being at rest are completely antithetical, He
therefore devoted several sentences to explaining the
particular considerations allowing the moving observ-
er (o--as he states twice--'consider his state as that
of test.' As Einstein knew. it was a rather shocking
and dramatic breakthrough.

The complete development of the general theory of
relativity depended on the previous conception of the
special theory, as Einstein here made clear, and that
theory depended, as Gerald Holton bas shown (5), on
the direct and indirect influence of Maxwell, Lorentz,
Mach. Poincaré, and Fapp! as well as important scien-
tific. sociological. and philosophical currents of the
time. Other factors included Einstein's enormous ca-
pacities for deductive and inductive logic, for com-
bining and separating categories and symbols, and for
intense concentration as well as his profound under-
standing of the rubrics of science and mathematics, As
Einstein made clear in this passage, however. the key
creative step consisted of finding a way to connect
gravilation to relativity on the basis of empirical or
physical reality. This key step was formulated. all at
once as 4 simultaneous antithesis.
As an instance of Janusian thinking, the formulation

was not developed through a stepwise weighing of
physical or conceptual alternatives. such as drawing
cumulative inferences from a series of observations or
deriving conclusions directly from a theory. Nor, as és

intrinsic to a dialectical process (dialectical and Janu-
sian thinking are not the same). did Einstein consider
the opposites or antiihescs in sysiematic fashios in or-
der to synthesize or combine them. Although he may
have engaged in such systematic thinking about the
probiem at other times, he stated he was working on a
summary yearbook essay when he conceived the en-
tire idea.
There was nothing primitive, childlike, or regressive

in the creative leap. Absent from the account are any
suggestions of an altered state of consciousness or the
intrusion of ego-alien material. There is nothing to sug-
gest primary process material appearing iy con-
sciousness, no sudden idea followed afterward by crit-
ical and logical evaluation. Einstein was fully aware of
the logic and reality of the issue at the moment he had.
in his words, his "happiest thought." He did not magi-
cally conceive of the equivalence of upposites. Visual
thinking, which Hotton (5, 13) and others (7, 8) have
emphasized, and imagery seem to have been present.
The idea of a person falling from the roof of @ house

suggests avisual conception. Ruther than the primary
process visual imagery emphasized by regresstan the-

alization in this case very likely involved another type
of high-level creative thinking fHomospatial denkrg.

Einstein's account also clearly conveys bash the

zesthetic orientation and emotional investments

ories of creativity, Einstein's probable visu

which have described extensisely elsewrere
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thought that one ts deahng here wrth two Pinatamenta(
ly different canes was, for me. usbcarable.) con-
necled with his scientiig thiaking thes bes been em-
Mhasiged Helton (0) 57 ce aaey and
aatsspucily Gd Wael POH Nds ose HOKU Cb 5 SENSILIV-
ity to asymmetry and an Sy seen to
play a general sole Jantsian Chink "a is
instrumental and criticaly facilitative way inese
general factors. As it is extensively operative in aes-
thetic creation, ay it hus and secciSe con-
nections with emotiona: sources and emoucan
(1S, 20). and as simultaneous antitheses or Oppesitions
are intrinsically symmetrical, Janusian thinking is a
More primary creative factor than Leneral ones.
Holton's observations are important: aesthetic goals
operate ubiquitously ia scientific creation. Looking for
economy or rejecting asymmetry or being emotionallyinvested are not, however, the same thir as derivingthe particular formuiation of simultaneous antithesis
that provides key ccnceptions and dramatic creative

in its. fully worked-out form, the general theory of
relativity presented what physicists today consider the
principle of equivalence of gravitation and inertia, Ac-
cording to this prisciple, there is no wuy lo distinguishthe motion produced by inertial forces-acceleration,
deceleration, cenrifugal forces -from pro-duced by gravitatonal force. In Mind-ilying in an air-
plane, for instance, it is impossible to separate the
physical sensatian of pulling oul of a dive and that of
executing a steely bunked turn at high speed: oneCannot separate the effcets of inertes from those ofgravitation. In both cases blood is drawn a" ay fromhe brain and the body is pulled down aeavily into theseat. The fully worked-ou theory, moreover, Buve apicture of the universe as a four-dimensiocal space-time continiion: a construct that heed creviaus
Matter in a sea of space, Revoiutionizing science, rhi-losuphy, and man's view of the nature of physicat ex-

about the behivior of the planet Mercury that had notbeen accounted for by Newton's laws. It provided ameans of dealing with high speed and jn-lense gravitational fields, and it provided an under-nding of the shape and size of the universe. Muchelaboration: deduction, and calculation went into thedevelopment of the entire general theory of relativity,and there has been much empirical testing and concep-tual elaboration since -it was first constructed. How-ever, as Einstein's exposition now makes clear, thekey thought allowing for the formulatigi, the creativeleap giving his incomplete ideas a physical basis andbringing them together in a meaningu! formrlation,was the specific conception of opposites Orerating si-Mmultaneously-an observer being in motion and at resiat the same time. Such a formulation is a cardinal. in.

j

yah J Povehtatry 136.1, January1979-

tonce Of the creative coznitive process of Janusian

at merely a nianifestaion of Guiltord's "divergentthinking (23), Koestler's (3), De-

lation rather then association or bisociction. More-over, it involves active espousal of specifically anti-thetical or oppositional entities rather than only diver-gent or "lateral, unrelated, or remote ones. Nor isJanusian thinking an illogical or prelogical process. Indistinction tu schizophrenic thinking or the thinking in
dreams, for instance, it is a logical postulating ofwhat,on the surface, seems illogical. It is not a form of pri-mary process thinking nor does it derive directly fromthe unconscious. The creative person actively bringstogether opposites and antitheses as a means of formu-
lating scientific and other problems, initiating and fa-
cilitating aesthetic tasks, creating theories, making dis-

As seen in Einstein's description, during the crea-live process the creative person is in neither 8 trancehor an altered state of consciousness, nor is there anyindication that unconscious material erupts directly in-to consciousness. This is not Primary process or freeassoctation material brought into consciousness bysuspension of secondary process thinking and/or logi-cal and critical judgment. Nor is it correct to say thatJanusian thinking consists of unconscious or pre-conscious material appearing in consciousness duringan altered state and then later subjected to logic andcritical judgment. Critical assessment and logical elab-oration are always necessary to con: iruct and articu-fate a full theory Wocaverv. ae work of art, but, as
§ description again makes clear, the creator is

alive individuals are fully awure that the elements oftheir thought wmuld be, in a particular context, anti-thetical, but they enguge tn what may be called a logic-transcending or "translogical"' leap of thought.
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one could fare ceveral whose fund- nents! ~owtributiens

sidered even more relevent t*an Eimster any rate,
comparable to his Heres et' zn. ef some Lorentz,

Schridinger.

physics, without exccpison, would be famuliar
ere those derived from his three famous papers of 1905
dealing with his f..actag of tus theory c reia'ivity,
the theory of Brownian motion, anc the oncept of the

tagether, place Fir tem emong the frremost pnysicists of

to Minkowski: that we tu-s for the des formu'aLon of
the S noluchoy 'a, indepen-
dently of Einstesa, discovered the theory of Grownsan mo-
tton, and it 85 to Smoluchowgki we tira for the unra-
veling of all the niulufecous aspects of that theery And in
the formulation cf his concept of the photon, Einstein was
preceded by end follo ved hy Bohr An! let us not
forget the great figure of Poincaré who iooms behind so
»much of the: ithematics of the 20h century and of physics,
indiveetly

Why, then, s Cinstein unique? To this quesuon the an-
swer undoubte?ly ty (hat vestles ell bey cont shutiors that

scoverer of tie general tery of relativity

But Einsteins + maue f. uerr ine from bes Cews'op

doxical aspect' Certaps mast ug the

the general thesry i «carly inves-

"the benign pepe to ch y vas a by the

subjected > ch ora i ror mary con-
Hicting strand, yoy, Ir
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tet me epin by des_riuing in the most general terms the
be tc ideas whica led to his theory of gravitation
by the sheer power of his speculative thought. It should be

emphast-*' that E-nstetn's replacement of the New-
tors.. hoch. 434 cravitaticn by his own theory did not arisg
in any of the normal ways in which new physical theories

It 1s almost invariably the case that new theortes in
physics, er rovel generalizations of the old, result from a
definite vonihet with experience, and theeas fer the new
theory are distilfed from the need to incorporate the facts,
which appear to cotflict with what ts already known, ins
he-monious whole. Further, the success of the new seas is
judged by the extent to wh ch they can account for new
phenomena The general theory of relativity did not origi-
nate in this on

started with the premise that Newton's theory
reguired a reformulation, siice it was in manifest conflict

he ceurvcl riativity The basic tenet of
the heary of relat.' ty 1s that in physics there can
be no instett acco at a distance no signal of any
kind can be pronagaited with a velocity exceeding that of
light And, of course, Ne-vto4's laws of gravitation postulate
instantaneous ac'9n at a diftance Besides, at the bane of
Newton » laws of g avil ton ts an emgmatie fact -well
estab! shed, Et not understood, before Eimstein The
enigmatic fact goes back to Galileo's well-knowg demon-
stration fom the learang tower at Pisa tha' all bodtes, large
orsiall area oc' te? anally on the local gravitational
fied &. but et. Tea tins cyudlity of acceleration of
different masses, one concluded that mass as a measure of
theanmtt ef jer and mass a5 a measure of its weight
Ab 8 Liaetay 3 comiuonly referred
to as the equality of the inert.al ard the gravitational masses
ofawboly ott 4. dno theoretical basis before

crams. cal fact v hich requires experimental
e .dence N ewion vas well aware of the need for expert-
mental evd>nce thes crucial fact Thus, in the opening
peragrar + as Princ ya, Newton wrote

"Ar of dori'e dersy, in a double space, 1s quadru-
inte space, sextuple in quantity

Has tho g ortity ubat | mean hereafter, every-
where, unter secre of beds or mass And the
sume ts known by the ciptt of each body, for mags
is proporty aa' te the ft, as 1 have found by ex-

(May let) cote ths eau "ity of inertial

bees estnult. o¢ to an accuracy of ong

ave stated provided Bin-
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"esenbe ,, Dirac, and emerge

5, sings) anu even Tore,

our time, one te co Jiuent that on (acer accounts ins
eness After all,

syd. GSS

ais ha ati the onely

With that a esenjent, | agree

ment of the peters! theory of relativity weny pall u-

"sc tesvery of

tigators, who weg manent, ho aad
not

Sort "ison os very accurately made "

'ote PEA. Dr's since ard gr: val messes towich Newton makes reference,

thought
a t 8% cor cen ht Wy



he.

va
l

stein with the entire busts for his dermul iting (he general
theory

Bren ee fer morte KR octans thears
thers WES tine VERA Nae a

gravitation for on gona prounds one could have argeed
that the Newtonian thoort chapld he valid sa dene a the

velocity of a planet era ts sttalf
velouty of hebt Pven Mercury the point closest to the
Sut desenbe rent Sewell cree ty aduch
HONDA oven et ho tyeabh tt cord aots

any depirtares toe pode cons af the Newtantin
theory can bu to hone morc than partis
abiihon Onths wcoount atwoalibic onterchy suf
fluent topenceiiy the wore Cheory ab for such

whch oa atc dram he fitness the

velocity fiphts ace we cf the Newtoarc theory to
be exactifthes loo fhe tooukt conser red

But Stem cot accede ibwev PT! so rrched
for 3 weve atdtevebd voceftaevcrn
thes of fie Teme ch trae nae oat ght
Certamly, anes oo ghooty osem dee shod cuece, fin
formubuinetce hover beconf oo. ow. tential
orabservathon foto. teas ctwe sidted me Cbe
minute ov cre ath ited Sedat Sas ign Oreover AON
Ponstere org aw had ne pret coco ption

theory would be G fo eo ator Pubswisstace by
one of his car! asecites Panczos, bv a combi ition of
constructive tied Gainking phifasen nc ui id
nation and anor estecser c oP nstem arrived at
his exact ott thea yobhra bition, a
theary the {hr + una mentar ntittes pace ime,
and metter wore ified

As y rtels faagte o gene dbo ret oa bey any eniy-
tonal exchimndut HEE y padlis Ou Feo Ar
came his in coe ding sentence fis first
ommuniecation in tlovember £1" fo the Bort. Academy
inwhchheann bisweu hor oo Pb
wrote

ts fully need eatond thes

theory ce trot, os mapic, Gig' Jory cen
senis a gent ing trump. ibe method the
nite differed cales'us of Christoffel Rice, and
Levi Civita °

Weyl and Idd. ston, who vrote ths first so. ous cxp0-
sitions o1 rela ity, reesei to Bieter' masic Thus,
in the pref. ce to fs Carre, Time ard Metter published
in the spring uf 193, © evlvreic

wall wo ch separated us from the truth
has Wider exrinses and grecter depths
are now expose'! to cae ceasebs ig eve FT knowledge,
regionsof«. cho veh toret mena rre eniment It
haz broug't mue 7. tre: to grasping the pan that
underfies all thes cr. oappe ape"

And m Eddie on s Spoce Fume, and Gravity, pub-
1n 1920, th-'cponing sentence reads

"By his thensy of ela'ivity, Albe-t Einstem has pro-

213 Am J Phys 2. 67 March 1979
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vokud a revolution of thought in physi science
Others of compar tble cimnence who tive studied gen

tral rebiteaty med made contibutions to it have wetter

book on Theory of Dodds introducing: the
puncriltheory af "res resents probe
Abb ose th fF EM casting physi tt theortes
And Orie fas sud that beasts poterabeation of the
spearti theory of rohitivtts to pravitation "46 prob-

yale

Prom these stitaments of the cmmeat men suencc who
have the theary of md mach dant
Londres tons tote onc mipht conctudy that the general
theory of ccfetivety es an rceapted theory and thet only
craks world doubtats validity But that is aot the arse
gical numba of camcnatimen have cithor piven fast
ot theary as past plunly incorreet
bet quate some opinion

Born who was a Paster sin Rerlm during
the very votes when Parstain wes devdopmg his general
theers of tn $955) on the occ sian of tte SOth

Eanstansprcrt paper on specet relativity,
stated

"The sano pone rchitividy appeared to me
thes rnd stl dogs os the pee test feat of haman
tutr kine sbout Nature the most umazing cones
Hon shdosopie rt patch tion physic intunttorn,

a skill But ifs casncction with ex
Marder Fo appealed fe me like a great

work art to be enjoyed and admired froma dis

Bot what ic we te make of (his sccmmy prise of ga neral

then stady ind devclopment tke any other
the physeatscances? And veya might add that

the scription of work ts cwork of itis ottes
the Gloak which physicists dsclann the relevame of

gener rclatvity to (he adv nee of physics Here is

Thorson
'Dunstan has piven asccond theory kr witas 'gerur-

ther sv of pravita
too This much very tb trase mathematies
and of at Edo not profess to under

of trinscendant difficulty
And here is Ruther! rd

the ory of relativity of imstesn, quite apart
from validity, cannot but be regarded as a mast

ati cont work of art"

i +

ihe mastertywayasWoote het + itacked a problem

The description of general relativet? as a work of art ts
double edved One senscs that in desertbing the theory in

this way, one ts trying not to dissoctate oneself from the

general acclaim that 1s accorded to But the math ¢

is not that simple ttas, in fact the case that the fiterature

dealing with theortes alternative to | safe as mu-

merous as the positive cont" 'trons devoted to exploring
the content of the theory itself It 1s not merely that cranks
and pseudoscientists have written tracts dieputing Finstem

Several emmment men of suic™ve, whom we all respect, have
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0 eof fora. rave written

sg spice ror sider

i t,o tho und! .ae8 9€ er
» earherac ercotsof stca'st' «or have now discerned
either Haws or grave crises eg , Rosen and Meller
While i hail not anv eccount~!c '4 s0t do

WitBehea,-'aosemary en sctence and philosophy
of ufHeve adrured

In 1922, Wietel cad pubhohed a book erttled, The
ofP'ativity, an alornative to Einstein's theory

Thorson "I! no Coub! wie our uktimate
must be to cescr'bs senatbie 1h ters of the ser=ible
After this quotation, V'hitehsad gor on to say, "I do not
agres with E.nstein's way of handling his discovery,"
meaning that Einst-in's theory does not describe sensible

soning
"So iany consvderat'ons are raiser' we tre not
justified in accepting blindfolded formulation of

whic'. guiced Cinstein "
Or, again

frou res cet on thought To e: pect to
ard Ipece, an! [Mea-

Riemarnan r anifold ha mciric ts invalid on philos-
phical gro rd-, te evl puss on to develar a retailed

of the tn.pbcaitens of t's theory have Leen shown to be

'sada hitle evther thet f wes making an excertion ofWhiteherd's criticisms of Einstem But | carnut destat
quoting the reaction to relativity of one of my personalfrends, tis Mitne In develor'ng his kinematical theoryof relativity, "filme stared,

ita's consequence of the ronceptual basis given by
paenoipe: 2 by roeans of a Riemanman

Am. Tuva *
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foun ws were cr sayask, hat was the
atttude so 787 us physics (of the pertod say from 1925
to 19%) '9° +

4 et ity? Born's remark, that the
1

*
eo penence ss slender,
ata dinner in honor

of Evistein's he ay, held ct the Institute for Ad-
vance b, ppe.' >." made remarks to the
eficrit at auvty had been singularly without
influence 19 the development of physics during the pertod
1925-154 In'--4, relativity as a discipline in

In most institu!' us devoted to tts study As an illustration
of this fact might refer to the crcumstance that from 1936,
when I jcincd the faci!ty of the University of Chinago, to
1961,t. cc + si xeneral relativity, not even for one pingle
quarter wers ~ ver ot the University And the Univessity
of Chicaso ts vot And: am not sure howwell the

precicied by the cor™on phys cits of today. Where, then,
does fetes cu re cron'

me tien fT

Whitehead stect: by ct ot'r with esproval an aphorism ofo

princin 13

a

things 1n

it will be ozesumptvous of me suggest an answer ofmy
own tot. Juetion P bave just atoed But will give an
answer given by Ruth e 'ved, durag a conversation 45 years
ago, 21 | wis present
The conversation took place 1 the Semor Combination

Room ia Ti sity College, after dinner, during the Christmas
recess of 1973 the Christtias recess, very few people
norny Uy dine in tre Coleg. Or this particular occasion
there were only five of us Rutherford Eddington, Amos
(at one Gime, during the 1920s, the Chef Judicial Advisor
to the Eg-ptan government), DuVa (a distinguished

In {he crsving conversavion Rutherford was in great

At seme po std: the conversation, Amos turned to
aro wae

"{ do not see why Etnstem ts accorded a greater pub-

bavis for all of physical screne today and tt 1s even
mere un'versul in ils appliations than Newton's
laws of p'avitution Whereas granted that Einstein's
theory nght -1 cannot sy otherwise in the pres-
ence of Fddington here- Emsteim's predictions refer
to suc' minute departures tom the Newtonian theo-
ry that I do not see what al the fuss ts about

Rutherford, in response, turnec ta Eddington said. "You
are responsible for Einstein's fame And more seriously,
he continued

"The was Fid just ¢ ded, and the complacency of
the Victorian and bd-virdian times had been shat-
tered Thc pecple felt wat all their values and aff

they I arsed an ystronomical prediction by a
Low Mate ny os ida. 5 ceen cor firmed by expeditionsto.' att aes) Wert Afieg and, indeed, prepared for
*84;" '81 eva, by British astronomers. As-

70; ha' aly ays appealed to public imagination;

Strife ave cord The meeting of the

"In the abs - toe cf cophetticss, hoa? ty,
Coctrine

mane toy! rap 4

ing of
and wt

geometer's onde r 'nner, weal sat around a fire

Ped

blatantly c-ré cr, r
cape terc> severe! instances in

which B; aw oy taerwry cuccoeds admirably Wlitehead's5 hic ace a:

philosot. r Cini

4

mes

mestohy- qi < "Tn ourY thor, 'eats

ths and ar es!
from tka 1 nl

ap Roys Muty at which the results of the British ex-
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peditrons were reported, was headlined in all the story in Eddingion's own words

'
chat time.

Let me go back a little to tell you about the circumstances

varying richness, but on May 29 st ts in themidst of @

if this problem had ben put forward at some other
to himself,

*

period of history, it might have ben necesary to

fortunc an eclipse did happen on May 29, 19 9 ..

Attention was called to thts remarkable oportu-

was then 34, Was

would be any possibility of the expeditions starting

4
and the writer

q

*

nearly succded
bac

* Tat gre

and others were rruch anoyed Cddungtan me that nid many failures we obtained two plates showing
alinoyance, and 83 he exor-ssed

e ater at a time

fun. ve

8

4

&

+

1



Dyson, "Eddington, will gemad, you have to
. come home lone. oa

Arrangainents had been ride ta measure the

plates on the SPUt, HOt Gry ab. bui

--one of the successful plates was examined immedi-

ytely. The quantity to be looxed for was large as as-
tponomical measures go,.so tat one plate would vir-

decide the question, tiough, of course, confir-
.mation from others would x sought. Three days
'after the eclipse, av the last lies of the calculation
were reached, | knew that Einstein's theory had
stood the test and the new outlook of scientific.
thought must prevail. Cottingiam did not have to go

» home alone."

[twas some months before the two xpeditions returned
40 England and the participants wer ole to measure their
plates and collate their results, But rinors of the successful

Dutch physicist, Lorentz, sent Erstein 82 telegram con-
firming the rumors to which Einste: replied (also by tele-

instein's own satisfaction with the stcome of the British
expeditions is shown by the postcart dated September 27,
j919) to his ailing mother in Switzerland. {t said:

"Dear Mother: Good news toay, H. A. Lorentz has
wired me that the British exbditions have actually
proved the light deflection nar ths Sun ."

There is a further ancedote rexive to Binstein's reat
tion to the news from England wiry! should fike to
Rosenthal-Schneider, « student ofAnstein in 1919 recalls

af his preaiction? Eimsteim s respoy was: "Then | should

t

"The Times of London for Noverier 7, 1919, carried two
headlines: "The Glorious Dead, 'rnistiggObservance. All
Frains in the Country to Stop," id "Revolution ih Science.
Newtonian [deas Overthrow "he second of these

-Gevelopment of a apreme incicen, There was dra-
Matic quality im he very staging--the traditional

Newton io remine us that th: gratest of scientific
paneralizations

Wa. pow, afle more than two centy-
'Fits, to receive its rst motification. Nor was the

4 Aa Digs. Nol. 47,5, 9, March i379

physics, including quantum mechanics.
I cannot conclude this account, relating to the verification
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"Themocting ofNovember 6, 1919 oftheRoyalBaceety
also originated a myth that persists even today (though in

a very much diluted version) "Only three persons in the

igin of this myth during the Christmas-recess conversation

Thomson. as Presi' of the Royal Society at that time,
coneluded the meeting with the statement: "I have to con-
fesothat no one has yet succeeded in stating in clear lan-

dington recalled that as the meeting was dispersing, Ludwig
Silberstein (the author of one of the early books on rela-

tivity) came up to him and said: "Professor Eddington, you
must be one of three persons in the world who understands

general relativity." On Eddington demuring to this state-
ment, Silberstein responded, "Don't be modest Eddington."
And Eddington's reply was, "On the contrary, | am trying
to think who the third person is!"
The myth that general relativity is a difficult theoty to

understand has done immeasurable harm to the develop-
ment of the theory. The fact is that the theory of general
relativity is do more difficult than many other branches of

physicists had not encountered before that time. But that
has also been. the case with severa! other branches of

¢

of Einstein's prediction concerning the deflection of light
by a gravitational field and how that was responsible for his

becoming "a focus of widespread adoration," without re-
marking that the history might well have been very differ-
ent.

In 191, Einstein had calculated, on the basis of his
principle of equivalence, the deflection that light, grazing
an object, such as the sun, will experience. The principle ofhat Einstein showed her the ca,
equivalence correctly,accounts for the slowing of a clock in
a gravitational field: but it gives fof the deflection of light

Eddington in-

only hali cite vaiue picuiciea vy yeneral relativity. Roughly
speaking, one might say that one-half of the predicted effect
is the result of the si: -ving down of the time-measuring
process; and that the. ver balf is duc to the spatial curva-
ture of space time. The latter effect is an essential aspect
of genera! relativity.

The German astronomer, Freundlich, had planned to test
Einstein's prediction of 1911 at an cclipse of the Sun which
occurred in Russia in 1914, But the war intervened; and
Freundlich was unable to make the observations he had

planned. As Hoffmann and Dukas have said:

"Suppose the war had not come and Finaly Freun-
dlich had been able to observe the 1914 eclipse and
had found a deflection of }.7 seconds of arc at a time
when Einstein was predicting a deflection of only
0.83 seconds of arc. Imagine how tame Einstein's
1915 calculation of 1.7 seconds of arc wouid have
seemed ... He would have been belatedly changing
the value after the event, having first been shown to
have been wrong ... and ihe deflection of light
would have lost the tremendous impact that it had as
a prediction."

But the war had in fact intervened; and the predicted de-
flection had been-confirmed under circumstances described
by Rutherford. And as Eddington wrote to Einstein ip
Deceniber 1949;
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"All of England has been talking about your theory.
thas made a tremendous sensation... It is the best
possible thing that could have happened for scientif-
ic relaticns between England and Germany."

from those who, serious students of science themselves, arc

explore the richness of his theory.
In saying this, 1 do no, wish you to concluc. Laat those

who marvel at the content of Einstein's theory form acult
of some sort. That would be tie case, if one's admiration for
the theory was derived from a Ustance, as Boon has stated,
or as a "work of art" as Rutherford and rm have
stated. The simple fact is that Enstein's theory is incredibly
rich in its content and presents siitering faces al every turn.
Let me be specific and lustre what Loean ina concrete
way.

Jam sure that all of you sre familiar with the role black
holes have been publicize 'olay in current astronomica!
developments. Let me sa' af bnce that a do nut associate
myself with those who conider black holes as exotic objects

. We are all aware tlat a pody projected from the earth,
for example, cannot scape the earth's gravitational field
unless it is projected vith a sufficient speed: otherwise, it
will simply fall back. Ince we grant that light is deflected
by a gravitat: nal fieh-as, indeed, we must -then it is a

Bravitational field mit be if a particle, projected with a
velocity equal to that © fight, cannut escape. This calcu-
lation was, in fact, mac by Laplace as fons as 1798,

We have scen that hyp: racing the Sua is deflected by
the minute amount of 1." ec of arc. But if the Sun, instead
of its present radius ofMooshould be compressed

tational field would te strong enough to pre. «. ht from
escaping from the surlace; end we shou!d Cease to see it: it
would have become ¢ slack jole.

e *
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The contraction of a star with a solar mass toa radins of
2' km does not require us to postulate physical conditions
with which we are not familiar. The mean density ofmatter
at that radius is no different than in ordinar atomic nuclel.
The phesica! som nat. rented for the occurrence for
stellar masses. to become black holes are, therefore, entirely
within the realm ef reason. Ihe question is rather whether
such ph ans cant be realized in nature and in the
natural course of events. Let me categorically state that very
simple and quite elementary considerations relating to the
last stages in the evolution of massive stars, ic. slars with
Masses exceeding say five solar masses, require the for-
malion (barring accidents in every case) of black holes. This
is a story which is fascinating in itself, but is not the story
I wish {o tei! iow. Rather | want to turn to what the general
theory of relativity has to say with regard to black holes...

One might think, that if all that is required for black holes
to occur are sufficiently strong gravitational fields. the
black holes of diverse shapes, forms, and sizes should be
possible. For cxample, the external shape and size that a

pravitating object can have in Newtonian theory are infi-
nitely diverse: they will depend on the mass, the stratifica-
tion of density. and teniperature in the interior, whether it
15 rotating or not; and if it is rotating, whether it is rotating
uniformly or not, and how fast it is rotating: and a whole
variety of other factors. But very remarkably, on the general
thec: » of relativity, black holes belonging to one family and
cf oniy onc kind can occur. This family of solutions was
discovered by Kerr, a New Zealand mathematician, in
1962, Kerr's solution provides the basis for an exact rep-
resentation of ail black f:oles that can occur in the astro-
nomical unive. se.
itis not only that Kerr's solution is unique: there is an

explicit formuia which one can write for it. This is a startling
and an unexpected consequence of the general theory of
relativity. Resides, the geometry of the space-time around
a Kerr black hole has many remarkable features. For ex-
ample, in err geometry all the standard equations of
mathematacal physies can be solved exactly ad we are also
Jodi 3 F oftond orc! +d never sus-

pected.
I do not know to what extent the foregoing remarks ap-

ig. But the point { wish to make is that
the penorat hour y of relaiivigg m incredibly rich tn its con-
tent; and as ! said, one finds 3 glittering face at almost every
turn. Binsicin wa3 certainly co: vect in his prediction of 1915
thee "anvone who fuliy Gacerstands the theory" cannot

escpe from its magic. Iv some remote and presently un-
foreseen development requires a modification of Einstein's.

then we should indeed have reason to "be sorry for the sear
Lord."
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Are we to conclude then that the unique place i: ps
c cm

which Einstein is accorded is an accident
{do not think so. The testimony for his uniqueness comes

caught in the web of the magic of Binstein's theory and feel,
as Weyl felt, that a wall ooscuring truth collapses when we

Benere relaivity. Exotic means grote sque

black holes.
hohiing grotesque or bizarre about

ne
7even though he had {6 Suspect that light is a

fected by gravity.

toa sphere of radius 2'4im, tren at that radius, the gravi
theory af' o OWN vell defined frainewurk of validity,

t



Coherence, abstraction,
and personal involvanant:
Albert Sinstein,physicist and hummist

YWval Netemen

After reviewing Einstein's main contributions to ohysics

The ro e of invariance principles is reviewed, as vell
as the methoc of abstraction. Finally, the author touches

the need for

pacifism, the anti-Nazi struggle, nuclear disarmanmt,

Stature of the man eee es tee"

I can't help but feel deeply moved whenever I loc& 'at
cartoon in The Washington Post published on

View of the universe, showing scores of planets floatin;
tye One of these is special, carrying a sig which reads,

+

In the procession of minds which have led md Shaped
the progress of mankind since the begimning of recorded
history, {bert Binstein does stand out uniquely. Herblock
Nas replated the earth's family album of two mndred
nistorica, generations, and only one BHinstein, by a con-
gsrumt Set of two hundred Binsteinless planets Less ones
This poetle abstraction manages to convey a moving meSS age,

(Such mechanisms are being studies in the modem tneory of
linguistics.) In my vi ow, the broader and deeper impact is
due to the abstracted messaze'S capability of evoking an
atundan * and resonent set of thouzht associations. In what

forte of abstraction in the scientific context.

direct stateaant.

t is worthwhile providing the non-physicist reader with
some indication of the man's achievannts in physics, justi-
fying Hertlocc's eartooi-poem. Indeed, whatever
iim act on the non=-physics world, be it pacifism,

preparedness or nuclear disarmament, alt vo 1é-in-
Portant as they may be, hiS special place in history is
due solely to his physics. The rest constituted on impor-
sant part of this personality-that of an involved sciaitist-
tut its effectiveness was due first and foremost to his
Stasure aS a physicist. This is elso true of his othar

pursuits, intluding philosophy and music.

discipline!s specific hiStorical role as an
major collapse at his touch(in the mattmr of the

conce tion of time ac of s, to thot of tne
Caurch after its collision with Copemicus and G-lileo. The
Cturca later wisely retreated into the domain of ethics,
Where i, may be safe for a while as a source of coctrines
Cov course, it has to be attentive to scimtific amc tecmo-
logcal developments=birth control, biological mgine>ring,
eteée ang try hard to find the best ethical answers; other-
w Se it will loss ethics to some more efficient humanism).
L k @ise, post-Rinstei: has abandoned meta~

then to the relavent sei ences,



in epistemolozy end the sindy of the scientific method.
In tnis field. it is doing well and has enriched our
understanding. As to the rest of pnilosophy, lo 'ic has
been reshaved after Cantor as a branch of mathematics.
In the last > politics has been rephaced by the
Social sciences. Aesthetics and ethics are Still there,in that region where the scientific method has not yet
fouid its ~ 0

Brown. and relativity
Had A aos contribitions to physics been less

outstanding .air originality, depth and overall in-
portance, they ou d still have put him in the first
row, considerin thelr number and versatility. They
Straddle most pues and fields which Were being deal
with up to the SOS « In themodynamics, he co=invented
the modern statistical mechanics approach, independently
and Simul taneo a with W. Gibbs. In quentum theory,
he elaborated on P2 anck's idea of the quuntum of action,
and relaunched the corpuscular theory of lizht in ihat later
became its dua, particle=wave nature. In this programe,
he conceive statistics (simul taneously
with S.1. BoSe. but independently) and explained the photo-electric efoc; mien we deactivate and reactivate every
time we eut tue beam at the entrance to a bank or a litt).
These are just tome examples of his less epach-making

Recently. I was talking to a professor of material
Science abous modern 'composite materials! which have
becone very 4 Tram Pp in aeronautics, for instance. It
these materi > based on the young Binstein's first oaper,
on Brownian mo' on (in both eases one is dealing with cores
OL material /. mbedded in a bac¢round matrix of material
B) e

+

TAs OU orm alism utilized in the study of

Is most important contributions came under
the headings of the special and general theories of relativity.
We Shall discv.., e ica and metgghysical lessons
from theSe priaciples in detail in what will follow, put
wnet is r al ay to Binstein's personal achievanent is the
fact that both denlt with the fundamental properti«s of
Space aid time, end modificd then completely. As to the.
role of Bins te' it has 'em said that Special relativity
would have be. COVer ed witnin a year by either Lormtz
or Poincare, if sinstein had not done it. The subject was
on the nishest priority list of the scimtific fronti er,3
there WaS a Negative experimaital result to be expl 11100 (ti;
failure of Michelson and Morkey in their attannt to measire
the ether's drift velocity); G.F. Fitzgerald and Lora tz
had alrsady ca.culated the "Apparent" contraction of
Lengths in a moving coordinate {Pr and Poincare was
aware of the mathematical groun-structure required from such
transformations. The OL lay in the missing tino-
dilations, whicn Were the hardest conceptuaglli« Hinstcin
Supplied them, togetner with a chmee in the 1
of the entire Set of transformations. Rather than think ofartificial 'apparent! or 'effective! changes in matter,
due to intemel collapse forces, he realized that these
were just the specific properties of Space-time, the
geometrical manifold in which we exist, the geometrical

fold in which we exist, Instead of a suclidean or Galilean
Ce presarves the velocity of lizht

(philosophers wuld never have gueSsed at this preferred
forinstance), Hinstein's former teacher H. Minkows!i soon

>

ation

role of ~ SOV
U7 of as atainst thot of 9
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here must have been by rai, all,
excell ent by L.D. Lando and 3. . Lifshitz (other-wise Writ cry md style):
Ihe theory of on tne basis
of relativity. lt wes
formulated by
most beautiful (my 5

tein in a purely and only later was
by astronomical

After general rel tivity,This is a field which has ben vory livoly
en years, to nev

An alternative to cosmology, modify ng
Was su gested by a g-ou in 1948. Thoughbecame very popular at time, the

theory', as wes cal ed, has not by ob=serv ations * and
hold.

last twenty years were Soent
electromagnetism wich gravity

n,such a un. have a loo'
on the somefeoatres A

we nave
more

+ no
on acticin ate stare', che

oF Special
cw

aw, A a ly, chese two

thet c -

ts in physicsof but on a
enerally, one nas a theory comes across

not to fit.
theory, defined gy Poorr asThe of theof one of Anew

In sote the
asymnetry at the func Level in

In tion LO Cee

change bur conceptionin the of general
ano to remove the basic incompatibilitytwo ed,ed and

to reach thot deep. That an
pe found is in itself an extremely

The entire
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the physical world should obey a mathematical descrin tion,"
even if we believe in the strength of logic and tis
mathematics is its most direct realization, The
could still be inextricably complicated and Sal
ing. and there would then be no way of guaranteeing tue
existence of a coherent and complete mathematic systen

orld

describing it, bzsed upon observations, Indeed, the
gap between disciplines is to be found in such
regionse

For example, we now have in #- Schrodinger's equa-
tion (1925) of Quantum mechanics an equation in
principle of describing correctly any atom (even uranium
with 239 protons and neutrons and ninetytwo orbiting elec-
trons): of molecule (even DiA with its millions of etoms).
Tuus the whole of chanistry and p&arhaps biochenistry are
contained in this one equation. However, the calcula-
tions become unmanageable beyond two or three etions or
nucleons (protons and neutrons). We heve to rest Satisfied
with the knowledze thet the problem is not one ofoa orinciple
but of practical computation, and chemistry continues to
evolve at its own compoSite-structure level. I-deed, G.2.
Chew had suggested in the early 1960s that such a Situation
had arisen for the strong interactions( the nuclear glue).
Happily, the 1970s have brought some anSwers 'rhich may
resOlve thoSe difficulties.

Gaps and more gaps

Conceivably, unbridzeable gaps might exist between verious
theories dealing with diffent elemmts or aspects the
fundsmental Level. Einstein's achievement encourages us to
think that this is not so, and that if we explo-e deeply
enough, we mizht well achieve a coherent structure. Thore
are nowadays sevsral such gaps which seam to us like real
abysses, and itis good to know that one shovld persevere
and not rest satisfied with disconnected theories.

Such a gap existed betreen quantum mechanics and

after twenty years of hard labours. But though this was
done by some of the greatest physicists of that period-
Dirac, Pauli, Weisssxopf, Feynman, Schwinger, Tomonaga,
Dyson, to cite just a few names-it was left without the
Hinsteinian 'polish', To this the theory lacks a
proper nathenatic fougdation. It is operationally wonder-ful; yielding the most precise results in ay science, yet
every such calculation involves a cancellation of infinities
on both sides of an equation, ieee a mathematically unsound
Operation, Surely, the theory deserves a better foundation
which probably would still yield the same operetional results.
tne Search has bec on since 1948, and more intenscly since
the mid=1950s, but the od is still not in sizht.

Special relativity. It was e1fectively bridgad ia Oe

7

snother such gap exists hetween gravitation and the
other interactions (or forees) in nature: electfomagnetism,toe Fermi (short-range) weak interactions (such as radioactive
beta decay) and the strong interactions (a so short ranged,
Tesponsible for the lueins tozether of nucleons in the
nucleus}. This is related to Binstein's last mc unfinisled
Programme. We have recently witnessed (1960-78) what may
bossilly be the ad hoc operational merger of wes and electro-
Magnetic interactions into a coheremt interaction.
The evidence in 1979 is highly favourable, but the crucialtest will be available around 1982. Again this is at
present a very ad hoc wedding, with none of the aestnetic

of 2 A eimpact Einstein
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of us to renew the search for the othsr missin: connections
between interactions. In particilar, many of us are study-
ing a possibly new link between gravity and the other forces,which may at the sare tine resolve the incompatibility of
general relativity and quantum mechanics. ThiS approach,Called supergravity, has intrinsic beauty, but it has not
yet led to the correct oper=tional so to spear:the search goes on.

Invariance principles
and geometriZation

ONe tool which was uSed by Einstein in toth special and
general relativity is the application of invariance prin-ciples. 3, has nated thea 'postulates of impotence',
though they are hizhly potent in their results. 'Ttis
impossible to pics a preferred frane of refereice in space-
time! is the wording of the Einstein invariance pos Wlatas,for franes! only (sneciial relavitity), then(i.e. accelerated) frames for general

The first resulted in ineaatical restrictions
which are eXpressed by ten conservation laws ( energy-monen-
by EB. Noetyer, a student of Hilbert and later his
Colleague 'thouzh the Gottinzen faculty refused to grant her
a professorship, finally using the argument that there was aonly a men's roon in the Senate building), States for
every inveriance (oy symmetry) there will be a conserv>tion

cs

3

"he negative content of the postulate of impotencein fact the bold step of tazen by the
Zener foundation, i.e. for Simplicity. Simplicity is tha
iS aS 20d as another: here is the Simplicity. However,for the Laws of nature to obey such sweeping generaliZatious,treiendoys sophistication muy be nesded in the dynamics. h

sy it-this is indeéd the situation. These ave stron-
ger, loca invariance principles-local in the sense ve
May eVdl chanye our preferred anes of reference at t
points in so Any such local invariance postulate
then the exiStence at eve-y point of a new
which ©Omensates for snd esncels completely the choi Jes
We in arbitrarily applying our freedom ¢
at each point. Sich is the role of the gravitetional
and a Simivar part iS played by theor perfaps cae clectrowealt, combining celectromagnetisn end
Weak interactions. We eperience these forces cirectly, m?
cae for their pr esence, and theof their fall action, required his identification of their
TO Le af guardians and preservers of simplicity through a

relativity (or indistinguishabllity) appliedlocally in spacetime.

al
achieved

geonetrization, In his theory of gravitation, all ofphysics tuld be represented as motions in curved space-titie.The is another enbodiment of the same Stresses anc
compensating forces. mentioned in the previous
Indeed, we have recently learned that such a picture is in tne
backgraung of all our new gauge theories. had set
up this idea of a geometrized theory ond. for Some Sixty yoars,
other forses moving in diferent directions. Suddenly, the



Abstraction
A physicist's mind undergoes a constant struggle between
(a) the wish to close to the perceptions and obser
vations and (b) the need to loo" for abstract fornulation,
required by ¢ neralization. If one had to orovine one

For a thaory to encompass the lorgest possible set of ob=
servations, it nas to abandon the -ctual observebles ana move
to a Weeper enc more abstrac. levol. 'Fistot'e was
to avoid abstzaction in ms physics, and motions
which were all taven fron experrerce uwereby
entailed forces of friction. Ir such amlie, force is

thus postulated such 9 lav-which was supe-ficially Simple but
described a s1ttation. This lar of force-velocity
proportionality cou d not be generalized, and obstroc.ed

theory Zor e4c2 O2 codld stay at that level.

C

Ta Ia

Newton 2 vacuum, anc stat d ms laws in this
simple lunnatural' bae-,counc. H'sf/sinple victure-and ewtoi's
formal-- abStraction wor. 'force 1s prooortional to acceler tion!

fitted culer foces (friction .n caSe)+ rollowed

a general zed s thoory did ac cve vee alns he
had set, but abstrict structure
nade 1t capable of even vevond thet image.
theory handies simictiois sith as Godel's tuniveise', a
uniVerse tiie is eyclic) which %Xeyond Biastcin'!s
intut vive aoi- echi-n uarverses). I: deed,

hmsef this casting o us as a
tneory of the (cosmolosy), beyond i.s as a
theory of

Tn tiuis scstractivc yu.i9, Mie creative sientist
i Somotines has to ?ree hmself-aad us-from Soc oreconceiv od

notion, wether b-s-d on 8™Sc no teptions or on concitionins
thot the world is round (an Gree discovery, forgottm

replace tne eorth by the sur at che center oF tie syvsven of

shock was his dethronaeat of Chronos, im-utahle time.

§ huge amount of direct obServ-tional eviderce. Ree ser,
indeed , th t although tne good theory abstracvioi,1t also has to be exoerinenterlly testable, table! in
Popper's wordse A theory which caa never be 15 devoid
of any sci Hinstein's gravit b> ory,
Severa. such testssthe deflection of 'er
the sum, the advance of the pcwthelion of -cicery, etc.

and prejudice. It has happenc? naly acccc ting

a

woes the sciatifie abst action Ww do
with the artastic one we Lo aay PTavi.c
Similar imaginative capabilities,effects are very differente So.cenow, the one r-asonates
in the subconscious whereas the other LS by precise
computatlon. However, th-t aesthetic quality of tho great

4
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the action ond worries of one's surroundings. In may
cases, the proce-.s 1S 1rreversible. However; both the
decision to leave the ivory tower and that of
to 1t are the individual scientist's personal

With Einstein, the sease of justice and ~pout
his fellow were Strong motivations which lea OL;

to pacifism. He could see no Sens> in that w.s
fouzht nostly sor 'honour! or tec use of the
of on From Barlin itself, he joined Georg

in emmifest to the 'Mropems!, tra sceld. tne V flous
Notionalisns.

Around .%20, he involved mmself in aionisn. I
Shall discuss tms 3spect in lore detail, having besn ner=
Son-lly titerested in it "or obvious reasons. To come
bac to oncifism, the outhveay of the Second 'orld "ar
brousht a esponsee Germany was ovr
it extencinz its domination over the "hole of Wurope
and in wave orejudice and pers ecution, mostly
racial. It was every free man's duty to hely stop aid
(we hoped) break its powere At the sug ,estioa of
aid Jigaer 'ie mis famovg to sooSevelt
iaflueaced tae decision to stact the Americy pro-

the fate of the in case the hazis shoulu succeca

he e one weapon could win the war. (I snall
reiaiber the spesches 1n whici he mentioned Gary's Is
ttesgpon', It ovt thet he erred in the enoie

we aponSe

it
pot.

ecret
*
4

Lfter the fall of Nazi Germany, sense
of m responsibility imade mn an initiator of
tent, an aim vhiea led mim to vie Russell- mea1
It is tavigorating to see how he could be morc pt the

desling with an unfamiliar world. He unders ooc
and reassessed tie sit -tion st each stage,
taving one dogma.te stand throvehout.

7 vol_ectual

Binsteia and the political life
He could be coveazgeovs and daring in hig decisions, as
exemplified by tus Stend against Joseph lieCarthy.
waS a men was one of Ye fol

voices to be heared in the United Svates.

cause between 1914 and 1919, comiuz to tne conclusion
that the creation of the Jewsin State in
deed the only way of saviig mis fellow Jews. 'bo be sure,
the League of osndste to Great vie

sim of Palestine the 1

rigde vory happye pleases me the most 15

Ehrenteste His forst visit to Mmerica. 1n 9a', WaS g a

emissary, together Chain 'Velzmann, Lo e

first president of Israel. role Was W collect
the people and the means for the creation of the ..ebrew
University in Jerusal dn. He was later tne
of .8 board of trustees.

TnARH Ss nv



general Zionist effort by writing a large of artiecles and addresses. Beyond physical salvation for thecuted (which finelly e=me too late for si million Tavsof Central and 2-stern Europe), he was the

as of every other. I look upon Jewsihlity aS a @act... I regard the growth of Sol

was the main motive in my joining the Zionist novenent!

annoyed ty the undignified assimilstionist and stri-vinss I have observed in many of my friends! (fromthe same gpesch).

Wm 2hcioztal Jew «

tion

1923, Binstein visited Palestine, He Xept adairy whica reflects his emotions. In Jemsealen he gave alecture sn¢ laid the cornerstone of the univ rsity. Hewas aske& stay and settle in Jerusalen onc noted in hisdairy 'the teart Says yes, but the mind Says not. R-tros-
point. tris, Palestine was still an intellectual dasert

developmen® and still enabled h.m to Wis

pectively, ~

The of leadership
In Tel Aviv he was taken by the local
a sroup Qf young German Zionists who were layi2

Cap ties geveloped in the Diaspova.

Manual

eZ2ivs us an opportunity to put intothrough eviable solution of the Dewish=Arab probld , those

r

Bins teir. 'Mould be to succeed him as president of ISrael.He hac become a symbol to all Jays and Israelis, a uni-

Over ese ci roums ances. because my relationship to the Jevi h
Peopleass become my Strongest human bond. every since I be-Cane Bare of our nrecsrious situation smone th- of

ob that

'T am the more distresced

the Wotg
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provided people to forget for a time the horors of thejust what
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The excellence of Einstein's theory of gravitation
P,AM. Di rac

Hinstein gave us anew theory of connected with
the curwature of space. He started a new activityfor physicists. He set them working with space.The particular kind of space thst Hinstein vas
of a Larger numoer of dimensions.

svace

ed introducing other kinds of sosee into ahysie:
Space introduca by Hinstein is the one used by NT

Einstein's theory of relativity remained unknown,except to a fev specialists, the of 1918, whem

terrific It preset the vorld with a nea style of
thinking, a new philosophy.

the First World War to an end, It tim came in :ith a

It came at a time when everyone was "ich of the war,those who had won g% well as those who had lost. People
wanted something/and was seized upon by the general public
and became the central topic of conversation. It allowed
come through. oo

had

Innumerable articles about relativity were writtenin newspapers, magazines and everywhere. Nevar befoe or.

Spread -nterest. Most of whit was syd referredto general philosophical ideas and did not have h srecisionrequirec for Serious scientific discussion. Very littleprecise information was available. still p-ople vere
happy just to emound their views.

WaS an engineering student at Sristol University atthe tixe, and of course the students took up this subject and
discussed it extensively amon themselves. Sut the students
aS Wel as the professors did not have precise
about mgd knew nothing of the underlyin Wecould only talk about the philosophical and acceptthe universal belief that it was a zood theory.

h wide~

Three early ways to test the theory
In great 3ritain we had one man, =. Eddington, who
really understood relativity and beca e the Leader and the
authority on the subject. He was very much concerned with
the astronomical consequences of the theory and the possibi-lities of checking it by observations. There were three
possibilities for testing the theory, which everyone soon
became familiar with from the publicity givm by

been known for a long time that there was a screp.ney bet=
Ween tne motion of this planet and the Newtonian theory. Its
perihelion was obs2rved to be advancinz by the amount of 42"
ber century, which could not be by the Nevtonian
theory. Toe theory such an advance md gavethe correct amount, 42" per century. It was a successfor the theory. It is said that Minstein hirse vas not undulyelated when he heard of this stuecess, He was so confident
that nis theory haa to be righi.

®

The Binstoin theory of tior wo' e tact Lizht



passing close by the sun shall be +

theory also requires a deflection, tt only the amountof the theory. 30 by observing stors on the far
Sl.e of the sun, whoSe light has passed e the
reach us, we can test the Zinstein theory. Tus is tast
number two.

The can he erpvict out onlv 1 tho

Makes it impossitle to see the stars. There vas a suitableeclinse in -S19. Two expeditions sot to obseve
Soth obtained results supportin the theoryand azains the Newtonim theory. The of the confirma-tion was only moderate, Owinz to the difficultyof the observ-tions, Since tim, similar obs--v-tions h-vebeen made various later total eclipses. Sinstein's theoryhas always been confirmed, although the accuracy has 010% beenas great es one would desire.

There are redundancies to the tests.

checzing on test two, using radio wwes in
waves. needs a radio source hehind

JUST Las JO walt until the sun passes close in of a
Oof the star is deflected. 0,.e does not needfor suca observ.tions, as the sun is not as

SOUrCRe

ie uSe of radio waves instead of Licht waves bringsin a complication because radio waves are deflected by thesun's cotnae But one can make obServ=tions for two differ-elt Wave .engths, for which the deflection caused by the
corona is so that it can Ne separated from theRinstein effect. The result is that the Hinstein theory isconfirmed vith an accuracy much g roater thn that attainablewitn lightvaves,

third effect which provides a means of testingthe Einstein theory is the red-shift of spectral lines caused
by a grevitational potential at their point of origin. TheObvious to look for this affect is in lizht from theSurface +2 the sun. But the effect here is obScured by theDoopler coming from motion of the matter. By
estimating the Deppler effect one gets rough support theEinstein tneory, but it is too rough to be an efrective test.

way of testing for this effect. In a white dvarf the matter
1S so highy condensed that the gravitational posurface very large, and so the Einstein red-shift is large.
When ohe enough about the white dwarf to its
MaSs alc radius one can make a good test of the 3instcin theory,One finds that the theory is well confirmel.

This effect can also be checked by terrestvial ..
experineits, as waX Shown by &.V. Pound and &. 4. Rebka. OeSets in the laboratory an en tter of wavesand oteerves them at a place lower then the nlacs of enission,where the gravitational potmtial is less, It is best. to
use game rayS of a definite frequency for thiS exp

the Eastein theory, with an accuracy greater than any astrono-



Recently a fourtn test has been added to the three classical
ones. This is concemed with the time taken by Lizht to
pass close by the sun. The HinStein theory a debay.his can be observed if one projects rader waves to a planeton the far side of the sun, and thm observes 'the tine takefor the reflected waveS to get back to earth. the uSeof radar waves the retardation is by tic sun's

it wovelsnzths
to disentangle the corona efvect from the

The obServations have bee carried cut sy 1.1. Shapiro,end he gets good confirmation of the Einstein thoory.
Ore can also get evidence about the Jinstein theoryfrom the observation of binary pulsars. A emits

pulsss of radio waves which normally have extreaely hichif the pulsar forms part of a binury systen,its rotation around the other star ix.egularities-
coming from the Joppler effect associated with its motion and
also from the Hinstein precession the ef-ect inrest numoer one in the orbit of the pulsar around its com-
panion, This effect is very large, much larger than in the
case of Mercury.

whe observations give qualitative support -to the
Einstein theory, wut one cannot make a quantative chedk because
one do-s no¥ know parameters of the hinary
System.

- have enumerated the success of the Sinstein theoryof gravitation. It is a long list, quite impressive. In very
case the theory is confirmed, vith treater or less
accuracy depending on the precision with which the observations
@an be mats and the uncertainties that they involve.
Can Einstein's theory always be right?
Let us agv face the queStion. Suppose a hod appeared
Vatlonse <coW shoulid one react to it? How would him-Self have reacted to it? Should one then consi theto be wrong?

would say that the answer to the last ucstion is
emphatical y no. The Hinstein theory of has a

the fundamental harmony comnecting the way nature runs and
general tatnematical principles must feel a theory with.
the beaity and elegance of Binstein's thary has to be substan-tially correct. If a discre@ancy should appear in some
application of the theory, it must caused by Some secondary

quately taken into account, mdnot by a of ths gamer:
principles of the theory. One has a great confidence in the
theory arising from its great beauty, quite of its

beet ade-

i

It must have been such confidence in tha ess
beauty the mathematical dés eription of oieh inspri ad
Hinstelr in his quest for a theory of

When Binstein was on his theory

Of course it ne As real genius to be able to wh t nature
Should be like, just from the abstract thinking shout it. Hin-
Stein was able to do it.


