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ON MARCH 14, PROPLE ALL OVZR TiI%® WORLD CELEBRATED TEE 100TH ANNIVTER-
SaRY OF THE BIRLH OF ONE OF THE GREATEST RTVOLUT I0WARIES OF THE 20TH
CENTURY. THIS REVOLUT IONaRY, WwHO DID SO MUCH IO RESHAPE THE WORLD
WE LIVE IN, NEVER LELD W& QUN IN HIS HAND. HZ Wad 4 PTRSON WHO
ENJOYED TH® QUIST PURSUILS OF MUS1C, BICYCLE RIDING, HIKING 4ND
SATLING. HE TOOK PLEASURE IN HELPING CHILDREN WITH THE IR ARITHME-
TIC PHOBLEMS - AND OFTTIMES GOT TH% WROWG ANSWER. YET TEIS SERENE
AND DEDICATTD MAN STRICILY THROUGH HIS ABSTRaCT INT®LLECIUAL POWERS,
REVOLUT IONIZED PHYSICS aND HTLPED USHER IN THE NUCLEZAR AGE, HIS
NAME -- ALBERT EINSIRTIN. HE BECAME A CITIZEN OF U.S.A. IN 19240.

BINgi*IN'3 INTELLECTIUAL ACCOMPL ISHMENT S HAVHE USUALLY BVOKSD FEE-
LINGS OF &5, AU 1T HAS 573N CLaIMED FaCRTIOUSLY THAT AT ONT TIME
ONLY THR®H PEQPL® IN THR WORLD UNDSRSTOJD HIS THRORY OF RELATIVITY.

WHEN BEINSI=IN PUELISERD EIS SERCIAL THRORY OF RELATIVITY IN 1905,
PHYSICS HAD COME 10 A STANDSTILL. SIR ISAAC NTWTON'S MECHAN IST IC
LAWS OF ABSOLUT® SPACE AND TIME WR® NO LONGER ABLY TO ANSJER MANY
OF THRE NEW PROBL®MS TEaT INCETASINGLY SOPHIST ICATSD BXPRR IMENT AT ION
WAS RAISING., BINSTTIN'S WORK, HOWRTRR, AND EHIS GTNERAL THEORY
PUBLISHED IN 1916, SOLV'D MANY OF THE DIFFICULTIRS.

ANYON® WHO KN®EW THR YOUNG ®INSTEIN COULD HARDLY HAVE IMAGINED THAT
HE WOULD BRCOME ONE OF TUE GRRATEST MINDS OF OUR AGR. YOUNG
ALBERT , WHO Wa5 BORN IN ULM, GRRMANY, BUT SHORTLY THEREAFITR MOVED
To MUNICH WITH HIS PARENES, Win, TO 0T IT KINDLY, SLOW. HE DID
NOT LEARN TO SPEAK UNIIL TP® AGH OF THRTE AND Wabd SUCH A PODR
STUDENT T 4T WEEN HIS FATETR ASKED HIS SON'! ERADMASTER WHaT
PROFESSION ALBTRT S-0ULD PURSUR, TEE ANSWER #45 SIMPLY : "IT DOESN'I
MATTRR; HE'LL NEVER MAKE A SUCCHESS OF ANYTE ING "

A FREE, INDEPENDEAT SPIRIT, IN REBRLLION AGAINST AUTHORITY , WHO
STUDIED WEAT HE WaNTE0 ARD IGNORZD SUBJZCIS HE DISLIK®D, ALBERT
WAS EXPELLED FROM SmCONDARY: 5CHOOL 0 THE GROUNDS T...T "YOUR
PRESENCE IN TEE CLa3s 1S DISRIPL IVE ND AFFECLS To% OTHBR STUDENTS.
WEEN HE T0J& TEE ENTRANGE BXAMINALTION FOR TEE SWiss FEDERAL POLY-
TEOENIC SCHOOL IN ZURICH, on FallaD THE FIRST T114% BRCAUSE, AS
EE READILY ADMITT=D, HE MADE NO ATiEMPLT 1O PRAPARE HIMSELF. BVEN
AFIRR BT ING ACCEPTED IN 1396, H15 TCONOCLASTIC ARD D MTT IMES
COCKY ATTITUDE DIDN'T CANGZ.  oNB PROFEGSOR CATIWD BIM A "LazZ¥
DOGY AND HIS PHYSICS PROFESSOR SUGURESIRD HE MIGHT B® HAP2TIER
STUDY ING MEDICINT, LAW OR PHILOLOGY. WHEN HE GRADULT"D IN 1900,
OE WaS THE ONLY M3MDBRR OF 0l CLaas oy 10 RECEIVS AN APPO INTMNENT
AT TUE POLYTRCENIC,

ONLY TEROUGH THE INTERVENT ION OF FRIENDS WAS UE ABLE TO GRET AN
APPO INTMTNT AS A TRCHNICAL 7vPRRT (THIRD CLASS) AT TIm SWISS
pATRNT OFFiC=. (HT HAD MTANWIIILE TAKTIN OUT SWISS CITIZENSHIP)

IT WAS TUER:, HOWEVZR, TEAT 1% WAS ABLE TO SPEND BIs FRE® TG IN
PREPARING TH® SCISNTIFIC PAPTES TUAT WERT TO BRING 1 IM WORLD FAME,
IS 1905 PAPER ON RELATIVITY, WIIICH WAS ONLY ONT OF THR®T PAP®RS
u% PUBLISERD TL AT YRAR, TOOK EIM OUT OF THR PATRYE OFE 1% AND
BACK TO THE ACADBMIC Tipe, AFDSR A NUVBTR OF INTERIM APP) INTMTNIS
HT RETURN®D TO T1S OLD SCEO0L AS PROFTGSOR OF TUROER] 104l PHYSICS
IN 1912 AND A Y©AR LaTRR WAs EprireD 90 JOIN 157 PRUSS IAN ACADZMY
IN BERLIN.

HIS FaM® FINALLY BURSI ON TEE WORLD WHEN, N 1919, A TRAM OF
BRITISH SCIENTISIS CONFIRMED LIS GUNTRaL TERORY KY SHLOWING TEAT
1,100 BENT 45 1T PaoBED TEE. SUN.

IN 1921, EE WAS AWALDTD TH® NOBEL PRIZE, NOT FOR EIS RELAT IVITY
PAPERS, BUI FOR tis o RORY O TRD PLOL0-RLE.TRLIC BFIECT, TE IS
THRORY SiaT32D THAT LiauT COULD BE CONSIDERED BOTH A WAVE aND A
PARTICLE THUS ENDING A 100G P20 IR BRTWRERL PROPONENL S OF BACH
VIBWPO INT.
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nyy SCIENTIFIC VORKY HE ShIby 15 MOT IVATED BY AN IRRESIST IBLE
LONGING TO UND®RSIAND TEY SECRETS OF NATURT AND Y NO OTETR FEELINGS.
MY LOVE FOR JUSTICE AND THR STRIVING TO CONTRIBUT® TOWARDS THE
TMPROVEMTNT OF HUMAN CONDIT IONS ARE QUITH TNDR PENDENT FROM MY

TNTRE gl

e THATm TRIO AT T T
SO HIE R e Bl e sn oy

ANYON® WITH THESE POLITICAL PREDILECT IONS, RSPECIALLY A JEW, FOUND
HIMSELF IN AN UNTENABLE POSTITION IN HITLER'S GRRMANY, SO WHEN HE
WaS INVITED TO JOIN AMPRICA'S INST ITUTE FOR ADVANCED STUDY IN 1933,
HE READILY ACCREPIZD. FROM THEN UNTIL HIS DEATH IN 1955, EX WAS 4
FAMILTAR FIGURE ON TEE STREETS OF PRINCETON IN HIS BAJGY TROUSERS,
SWEATER, TOUSLZD HAIR AND PIPE.

IN 1939, URGED BY TWO FELLOW PEYSICISTS WHO HAD REaD REPORTS THAT
NAZI GERMANY WAS CARRY ING ON EXPERIMENTS THAT COULD LEAD TO AN
ATOMIC BOMB, BINSTEZIN WROTE TO PRESIDENT ROOSEVELT URGING THAT THE
UNITED STATES SPEED UP EXPERIMINT AL WORK IN THIS FIELD. AS HE

GREW QLDER, EINSTTIN COULD NOT ACCEPT S0ME OF THE LATBR DEVTLOPMENTS
I PHYSICS. EBE 5aW THE pEYSICAL UNIVERSE AS A PLACE IN WEHICH ORDER
PREVAILED AND,HE BELIEVED THE ROLS OF THE SCIEZNT ISTS WasS T0 DIS-
COVER THE LAWS GOVBRNING TuaT ORDER. TO EIM, THE NEW WORLD OF INDE-
TERMINACY - IN WHICH OUR KNOWLEDGE OF TIE HYSICAL UNIVRERSE CAN BE
ONLY A STaTISTICAL PROBABILITY - WAS INTELLECTUALLY REPUGNANT.

nGoD DOTS NOT PLaY DICE JITH THE UNIVTRSE," H% 5AID AGAIN AND AGAIN.
IN LATER LIFE, H% ATTEMPT®D TO DRVELOP A UNIFIED FITLD THWORY THAT
WMEDUNHE,WM%KAGEHEF%TOF?WMHMS,GKWHYAM)ME@H%
MAGNBET ISM - BUT HE FalL®D. DESPIT® TEIS SHORTCOMING, EE IS RECOG-
NIZED AS A MONUM=NTAL FIGURE IN MOD®RN PHYSICS WHO, EVEN IN OLD AGE,
NTVTR LOST HIS BOYISH IMPISHN® S5,
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THE CENTENARY OF THE BIRiH OF A GENIUS. .

Aibeit Einsten, the thinker who turned the scientific world
upside - down with three original papers, published in
Annalen der Physik in 1905 at a time whan he held no
academic post (he was a clerk in the Swiss Patent Office),
was born on 14 March 1879 in Ulm, Germany. By theime of
his death on 18 Aprit 1955 he had become surely d rarity

among mathematical physicists: a man whose name was 5

househald word throughout at least the developed world.

Einstein spent his early years mn Germany, where he ach.
ieved a distinction of teaving the Luitpold Gymnasium ir:
Munich without a diploma and in circumstances which are
still unclear. Rorald Clark in a re-issue of his good book
Einstein, the Life and Times* guotes a remark said o have
been made by the schoot authorities: “Your presence in the
class is disruptive and affects the other students”. Clark
Adds: “This should be taken with caution but the general
lines of the incident have the ring of truth. For the kindly,
gentle Einstein who is remembered loday, the friend of all
mankind (except the Prussians), a saint insulated from the
rest of the world, is largely a figure of his later years: it is a
figure very diffcrent from the precocious, hatf-cocksure, al
most insolent Einstein of youth and early manhood. Einstein
was the boy who knew riot merely which spanner to throw in
the works, but also how best to throw it " _

The full account of Einstein's ‘iifi and times’ is spelied out

in fascinating detail in Clark's book, Here it is enough to refer

the interested reader to it, and to racali some of the seminal
ideas Einstein introduced to the warld of physics. He com-

o

pleted his education in Switgarland, having renounced hig'
German nationality, and aﬂ§ a couple of years in which he
took temporary jobs and did some private teaching, took a
job at the Swiss Patent Otfide in Berne. In his spare time he !
thought about physics. The notion that apsolute motion in i
Newtonian sense was meaningless had already been pro:
nosed a few years earlier by Henri Poincaré; Einstein had
hought' so since about the age of 16.iin 1905 he took the
imaginative leap which was to place him in the-limelight
which bathed him for the rest of his life. If only the motions of
*t inge relative to each other had physical signmcance.surm :
‘he: niotion of absolute time flowing “e’ juably without relation
1> anything external” as Newlton har! it in his Principia wad
ey ally meaningless? Clocks were needed to measure f,
a: i’ they were physical objects which could and did movis !
rei@ive to each other. From there 13 the writing of one of hig
thr3 = 1905 papers, on the theory of special relativity, took him
onit a few weeks. It was this paper which containgd that :
maihematical expression with which even schoolciildren -
are ww familiar: £ = mc®. o
1h3 other two papers contained in Volume 17 of Annalen - :
der Pysik have had less to do with the shaping of the modem
world, Lt they were equally important in their own way. inthe
first, £.nstein took Planck's quantum theory of 1900 and used
it to di- 1.uss the nature of light, deriving a way of explaining
the ph Woelectric eftect. This work won Einstein the Nobal
Prize = 1922, The second paper dealt with the theory of
Browniz t: motion — the observable motion of small particies
in liguict 1 shich is the most direct evidence for the existence
of molec1:2s and the interpretation of heat as the energy of
maolecule s, Einstein showed thal the average distance lra-
velled by & Brownian particle is proportional to the square
root of the elapsed time.

Special roiativity predicied the second-order Boppler
effect (or t*ansverse Doppler effect): the gravitational red
shift, and theequivalence of mass and energy, E = mc’. The
lirst two (1 “hese effects were tested at Harwell by Dr Ted
Cranshaw i colleagues in the Nuclear Physics Division in
1961, using 'w: very narrow Y-ray fines of the Mdssbauer
Eflact and a vilor originally designed for use in a neutron
chopper, anu by passing Missbauer N-rays up the Harwell
waler tower. {We hops 1o be abie to publish a less opaque
description of these experiments in a later issue.) The third,
that of mass equivalence, was of course vilal in the inter-
pretation of the mass defect of nuclei which leads to energy
release in fission and fusion: the physical mechanism under-
lying both nuclear weapons, and the world's growing and
increasingly valuable nuclear power programmes.

Einstein wrote a mass of other papers and held a .
sion of academic appointments, spending most of his {ater
lite at the Institute of Advanced Study at Princeton, His sec-
ond paper on the theory of relativity, the Grundlage der
Allgemeinen Relativitétstheorie (Basis of the General Theory
of Relativity) was published to a storm of conlroversy in 19186,
In it, Einstein attempted to move on trom the ‘Yat’ special
theory of relativity, which considered only unitorm gravg
and acceleration in a straight line, to a generalised way of
handling curved and rotary motion in a universe in which
matter and space interact. Experimenters are-still trying td
test some of the elements in this theory; Einstein himself tried
to the end to find a way of bringing together gravity and eleg:
tromagnetism in a ‘unified field theory’ publishing each falle .
ure — as he put it — "to save another fool from wasting time
on the same idea”, : e

it he was a fool, what hope is therae for the restof us?

J. Daglish |
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On the morai mssgmmn of the scientlst

We are living in a ponod of such great

external and Internal insecurity and

with suck: a lack of firm objectives that

the mere contassion of our con-

victions may be significant sven if
_ these convictions, as all value judg-

ments, cannct be proven through log-
‘ ical deduction.

There arises at once the question:
.should we consider the search for
"{ruth--or. more modestly expressad,

\ our efforts to undarstand the know:
i able universe through constructive
. logica! thought—as an autonocmous

’ob;acuve of our work? Or should our -2 v

! gparch for truth be subordinated io
' some other objective, for exampis, to a
“practical” ons? This question carnot
be decided on a logical basis. The de-
cision, however, will have consider-
_able influsnce upon our thinking and
our moral judgment, provided that it is
. born out of deep and unshakabie con-
i viction. Let me then make a confes-
* gion: for myself, the struggle to gain
. mote insight and understanding is ona

i of thoss independent objativa:
}out which a thinking lndcwduai woutd

| find it impossible to have a conscious,

positive attitude toward life.

‘it is the very essence of our striving
for understanding thal, on the one
hand, it attempts to ancompass, tho

great and complex variety of man's.

sxperiance and that, on the other, it
looks for. simplicity and economy in
the basic assumptions. The belief thal
these two objectives can exist sida by
side I8, In view of the primitive staie of
our scientific knowledge, a matler ot
faith. Without such faith | could not
have altrong and unshakable convic-
tion about the independent valus of
knowledge.
This, in a senss, religious attitude of
man angaged in scientific work has
- some influence upon his whole per-
sonality. For apart frotn the knowledgs
which is offersd by accumulated ex-

periance and from the rules of logical

thinking, there exists in principie for
ths mah in science no authority whose
daciglons and statements could have
in themseives a claim to "Truth.” This
¢ lIpads 1o the paradoxical situation thaj
& person who devotes ali his strength
to objective matters will develop, from
4 sdcial poirt of view, into an extreme

indiviiu i w , at least In principie,
has feith in g hmg but his own judg-
ment. it iz 2l possible to assert that
intellecty-J I dividualism and the
Qrimi f sientific  knowledge
- taneously in history and

i inseparadia ever since.

suiggesi that the man

etched In these sen-

1pn an abstraction
doas hic. axist in this
unlike the homo

s of classicr! economics.
smis to me that scignce

it u\m@ could not have
=4 gould not have remainad
Lydunis, during many

1 come very close to

@ b

oursa not evervbody who bas

nd to usae tools and mathods

. directly or indirectly appear to

: 2f~~;earx.ﬁtr is to me a man of sci-

| tefer only to those individuals

hmum the scientific mentalily is
I? r plive.

e lo the position of today's
uﬁnn v% science as 8 member of soci-
Yity? He obviously is rather proud of
‘ha fart that the werk of scientist s has
tazped {0 changs iagially tha 8co-
nomic lite of men by almost :am-
iplataly sliminating muscular wor ¢« He
lis distrecsed by tha fact that the ro sulls

of his scientific work have crea ed a°

threat to mankind since they hax 3 fal-
len ir’s tha hands of morally blir d ex-
ponenis of political power. He Is con-
scious of the fact that technoicgical
methods, made possible by his work,
have led to a concentration of eco-
nomic end alse of political power in
the hands of small minorities which
have come o dominate completaly the
lives af the masses of people, who ap-
pear more and more amorphous. But
even worse: the concentration of eco-
nemic end political power in the hands
of 8 taw has not only mads the man of
scighue depsndant economically, it
aiso threaians his independence from
within, the shrowd methods of in-
tallectual and pevehic influances
whick it brings to bearwill pravent the
development of independent par-
sonailiios. '
Tiws the man of sclence, as we can
obuarvg with our cwn eyas, suffers a

truly tragic fate. Striving in great sin-
cerity for clarity and inner independ-
ence, he himself, through his sheer
superhuman efforts, has machined the
toola which are being used to make
him a slave and to destroy him aley
from within. He cannot escape beir 3
muzzled by those who have poiitic o
power in their hands. As a soldier he s
{orced to sacrifice his own life and o
destroy the lives of others sven whi n
he is convinced of the absurdity 3f
such sacrifices. Ha Is fully aware of t')
tact that universal destruction is un
avoidable since historical develop
ment has led to the concentration o
all economic, political and milita
powsr in the hands of national siatasl&
He also realizes that mankind can only
be saved if & super-national system,
basec on law, were created to slimi
nate for all {ime the methods of brute
force. However, the man ol science
has siipped so much that he accepts
the stavary inflicted upon him by na-
tiona! states as his inavitable fate. He
gvan degrade ; himself to such an ex-
tent that he ieips abediently in the
perlection of the means for the gen-
e destructi»n of mankind,

is thare really no ascaps for the man
of science? Must he really tolerate and
sufter all these indignities?

Is the time gone forever when,
aroused by his inner freedom and the
independence of his thinking 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 basis has he
not forgotten about his responsibility
and dignity? My anawer is: while it is
true that an inherently free and
scrupulous parson may be destroyed,
such an individual can never be en-
slaved or used as a biind tool,

it the man of science of our day
could find the time and courage to
think honestly and critically over his
situation and the tasks before him and
it he would act accordingly, the pos-
sibilities tor @ sensibla and satistactory
solution of the prseem dangerous
internationai situation wouid be con-
siderably impsoved.

ALBERT EsNsTEIN
- October 1952

March 1979 The Bulletin 1
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W, the warshippers oliscivnee, arc today

L e e
fpoking up o Jawaharlad Aebro e e

Ciandli and captam ot the Indian  people. or
feadership ine pumkinds resolute stand o toe
CT IR mplications of the Atoinic War e hax cavied

E’ N o ke P 8 SE

for hiniseli this respousiiiy by Uiy

aiivaled

aloof frota cold war and away from the ‘power
O N camps’; thereby Jeading hes s ads peace fiends
... 'This is am cra of exireme disorderhmess.
N E H R U And, perhaps, Nehra was bhorn 10 I;whutu !H:x‘t'i'
out of this chaos.... Today, the world is ol its
track. But, we have not cven a tittle doubt that n
this earth will regain its own orbit in this very age  fbule by
ol ~CGandhi and Nebru® Burmn
ALBERY EINSTEIN

Einstein, nQ-t eminent among scientists, tells us thet

tthe fate of the humel race Was more then eveor dependent ok

1¢s morsl strength todsy. The wey to e joyful! mmd happy gtate

is through ron&nciatioa and self-lisitatier cverywhers'. Ko
takes us baok suddemly from this proud age ol 8oienss to the
old philosophers, from the luat for powser and the profit
motive to the -yifgﬁ of renmmoiasticn with which Indis hes beem
so fawiliar. Probably wost other seientists of todey will
not agree with biw i ¢his or wusw ue suys: "L om sbsolutely
convinced that mo weplth in the worli cam help humenity
forward, even iR the hemds of the most devoted workers {in

the ocsuse. The oxaipfb of great and pure cheresciers {s the
only thimg that cak produce fime ideas or mobel deeds.

Money oniy appiall to selfichness snd always tempte itas owners
{rresistibly to abuse it',

The Discovery of Indis,p.G68.
by Jawaharlal Nehru
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_BlL_g_él___l__Eﬁ_:lSte;n Mani festo sisned by E “ein on %
April 11, 1955, exactly one Week oc—wor _his deatih.

In the epring of 1955, Einstein ami Bertraad Russell
1launched, with typical youthful enthusiasm, a nroject aimed,
at startng a WOI’ldWl de movement gmonz scientists to re-—
verse the Cold War trends toward uud ear war The crecdo of
this movemant wa tho Russell-Einste l%‘nmos to, 1?"1ed
by Zinstceln on Apl s 1985, iy oue woek D e
his desth., Ths other sizliers were: M. Borny Germag ,:/:; P
sridgmen, United State S Teield PolapdsF. Joliot-
Curie, Francey H.J. Muller, Unltea States; L. Pa'ling,
United States; C.f. 7e 1, United Rangcoms 4. Robhlat
United Xingdom; and kavwias T opanetAll tut o we o w
Nabel Prize winners in sc:ence) . The Manifesto h,d
convening, in July 1957, of th» first Pugwash Confe:
Seience snd World Affairs, an institution which con
worlkk for the achievanent of the aims expres:ed in
Manifesto.

The text serves well to sum up Einstein's view of

state of the world, and of the responsibilitiss of sciuntis s
as world citizens:

"In the tragic situstion which confronts humani Ty,
we feel that scientists shoule aosenble in confercn - 4
appraise the perils that have arisen as a result of ine’
development of Wweapons of mass destruction....

4

We are Speaking on this occgsion, nct
this or that nation, continent or creed,nut :
menbers of the species of Man, whose continued exisleal
in doubt. The vIOI‘ld is full of mafiictss =nd, overshadow=

ing 211 minor conflicts, the titanic strugsle betwemn
Communism and anti-Comnunism.

Mmost everyhody who is politically conscious nhns strong
feelinzs 2boub Oilc OF A0OTre O. G.coe io-lLeb; UL we Wanl you,
if youl dan, B0 seb adtde such teclinos gag consider yourselves
only os menbers of o biglosicsl Spr i 17l
marltable history, and whose disappeat

Wo shHal?l Sy 4o 5oy o sinslo yord
appeal to one group rather than to another,
are in peril, and, if the peril is unders toou,

that they may collectively averc ii.

The genoral ou’“_-_lc, and cven many men in positions
of authority, have not reslized what would be ;_q\fo]_*mu in

war with nuclear bombs. = The genersl public still fthin'=s

in ferms of the oHliterstion of cities, I6 1S UJ.'L ers \out;;_?;,.;;?;
the new bombs are more powerfil that the 0ld, and that, w.ile
oix A-bomb could olbliterate Hiroshima, One h—uonb ouLG
literatc the larsest cities, such as London, Hfew Yo

Moscow.

'S
2
L.

No doubt in an H-Bomb war greabt cities would bhe
olliterateds Bi:t this 1S one of the minor disastec.s thaat
would have to be faceds If everyody in London, Hew York and
Moscow Were eXteIm.lfla,beé, the world mi sht, in the course of
a fer centuri es, recover from the blow. But Wwe now kiaow,
especially since the Bikini test, that nuclear bori b can graduallj
spread destruction over a very much wider area thein had been
SUppos ede

1

It is gtated on very good au thori uy that ¢ bomb can
now be mapufactired which will b 2, S imes ® 'poweri‘ul
as that which des*i:royed Hi roshinae




ueh a oonb, if exploded near the groun
watery s=nds radioactive particles into tna
They sink g~uqaa11\f and reach the surfg
the form of & deadly cust or rain.s It w‘ﬁ’ tm_s

o,

inflec:ed the Japanese fishemen snd their gatcn

No eone knows how widely stch lethsl radiosctive par=
ticles might be diffused, but the best authorities are un-
animous in szyingz that a war with -hombs mizht quite possibly
put an end W the humagn race. It ;s fecred that if many
H-bomos are uSed there will be universagl degth-sudden only
for a minority, but for the majority a slow torture of dises
and dlsmte%utl.on.

Meny wamings have been uttered by eminent me
Science and by autorities in milift Cary strategy.
will say that the vorst results are certain. hat
15 that these results are poss ible, and no sne can
th-t they will 25t be realized., Ve have not vet
the views of eme'ﬂts depend in any degree upon the
Or prejudices, They depend only, o for as our 1
NaVe revegled, upon the extent of the particul a
k¥nowledze., W hzve found th-t tie men wh k_n:m T
mos ¢ gloomy.

-

I
O
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the problem which we 7 sent to you,
nd inescgpable: shall an end
| mankind renounce w ;;L;".f St
giiseif 15 s Gl icult

The abolition of war will demand distas
of national sovereisznty, But what perhaps 1“&0 ed s uncers fan
ding of the situation rore th- =5 sivEhine elas do the the &
mankind feels vague and abstrdct. People scarcely realize the
imgziaation thav the danger is to themselves ad theis eiil-
dren sue tuelr gesndelil dren, and not only to a dimly oprreieidad
Mumanity. They ean scorce]_y bring tpemseJ.V"S t0 graEsh Ghnt &
individuglly, and thosc who they To are in imminent daiy
of paflshlag agonizingly. 4And so ta\,y hoyg bnut pe iy
may be gllowed to continue provided modern wegponsS ar: n:
hi bited.,

This hope is illusory. ihsoteve: . agresuents not to
use the H~bombs ﬂad bheen reached in time of peace ey they would
no longer be considered Binding in time to wary, and both
sides would Set To worlr to manufacture H=bom:s a8 soon
brok e o for, if one side manufactured ths bombs ani
other c:Ld not, the side that manufactured ther would il’leVlt?,"
bly be victorious.

Althouzh an ag. eaient to renounce nuclear Weapons &
part of g general ; ,Q.V.Culon of arcaments would not a ford
ultimate solution, i"’; would serve certain important purpos es

First: My azreanent between E-st and
2004 in so iar =5 it tends to diminish tensmn.
abolition of themonuclear Weapons, if each sid
the other had carried it oac sincosraly, would 10“* ex
of 5 sudden attich in the st e of Pa.rl Harbor,
present keeps both sides in 8 b habe of neroIS
We should, therefore welcome such an azreancnt
28 a 11756 Stepa

Most of us are not neutral in feclinz, but, as hman
bc:l.n s, we flave to remember th:t, if the issues betweas

be decide 1n. auy nanner B t carl

c SIS S et = Sl 5 i
miEaien ol e e e Ee Sleiw




Communist, whether Asian or Faropesn OF
white or black, then these 1ssues mu st 1
war.. We should wish this to be unders to

Tast =nd in %I

he ‘es e

There 1ies before us, if wx
progress in hgppiness, knowledze
ins tead, choose death, beccuse we
We sppeal, as human beinis, to muman
humanity and forzet thoirest, Li.yoU
lieg open to a new paradise; if gou cennot
before you the risk of urfvaersal death'.
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Aibert Binstein
€ b. 14-Marehy 1879 5 4,718 April, 1955 )

Quotstions fronl_gi,nstelnls Writings

( By Uoirtesy of Dre D.3: Ko thari )

on Scientific Truth

Te It is difficult even to attach a prec¢ise megning to
the Term "scichbific trathy Tils fhe mean inz of the
WO "truth? vagries according to whethar we deal
with a fact of experience, a mathemacical p ropo sition,
or a scisntific theoryy, "Religlous truth" conveys
nothing cleagr to me at all,

Scientific research can reduce superstitution by en-
couragmg peorle to think and view things in terms

of c4ise and effects Certain 1& is that a conviclion,
akin to religious feeling, of the rationglity or in-
telllglblll ty »f the world lies behind ali scientific
wortk of o hizher order.

III. This firmclief, a belief bound up with deep feeling
in g superior mind that reveals itself in the world
of experience, represents my conception of God. 1Ha)
common parlence this may be described as "pantheistic!
( Spinoza) .,

Denominational traditions# I can only 00.181 ler hishtori-

cally and psychologically; they have no other signifi-

cance tor Meog >

(1529) (A.Binstein, Tdeas =nd Opinions; Crown Pub.
lu54 P 96.1.)

he tile value of & Mnan helng i arily
by the measure anu i > . =
llber bion: Trom

I am abfaolu tely convinced that no weglth in the world
can help lmmgni ty: forward, even in the hands of the most
devoted worler in this cauSe. The example of great and
pure individugls is the only thing that can lead us to
noble thouzhts and deeds. Money only appeals to selfisinies
and ircesistibly invites aluse.

N

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

The Mpst Be-suti ful BExperience

We can have is the mysterious. It is the fundas
emotion which stands at the cradle of trie art and ©
science. Whoever does not know it and can no longer Woiu
no longer marvel, 18 aS “Ood as dead, and his eyes zz‘-
dimmed. It was the expsrience of mystery-even if I
with fear—-that engendered rellyon. A ,1..,"OW._TlG.Ln_ of

existence o something we cannot penetrate, our perg

the P’"ofou’qdest Teason a d the most radiant 1
which only in their most primitive forms are acc eSaJl
to our minds-it is this knowledsge snd this emotion that
consti tute true -Mll*lomty; in this sense, and in S
alone, I am a deeply religious man., I cannot conceive of
a God who radards and punishes his creatures, or has &
will of the kind that we experie ce in ourselves. Nelther
can I nor would I want to coneeive of an individual that
survive his physical death; let feeble souls, from feal OT
absurd 330151*1 f‘e"“ “h su il “10”1 *ts. I om sotisties hiiul

J'; ;\4,.‘« B ._t \_‘ g..‘ 3 A5
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exis tigg world, together with the devoted striving to com-
prehend a portion, be it ever so tiny, of the Pcason that
Mapifests 1%self In nabures (1931) (lhidps 11)

Science without religion is lames

Science can only be created by those wvho are thorouzh=
ly imbued with the aspiration toward truth and undorotﬂzdinj.
This source of feeling, however, springs from the spherz of
Pelicign, To this there s5lso0 belongs the f@itn in the poss=-
1bility that the regulations: valid for the world'of existing
are rational,. that is, comprehensible to reason. I cannot
conceive of a genuine scientist without that profound falth.
The situation may be expresSed by an image. aclgnce without

Telizion is lame. religion without science is biinde
(101_@ p«46) (italics added)

Nothing which cannot be dispensed wi ths

When askpad (during g serious illness) wheth- e WS
gt 211 afraid of death, Finsteinn Saldy "E fecl such a sense
Of solidsteby wWich oll livine Ethires Thet 16 doss 1ot nebtler
to me where the individual beiins and ends'. A1d he said,
"There is nothing in the world which I could not dispense
with at a moment's notices (Max Borm FEinstein Letters,

Macmillan) .

SEronge 15 Ehe 1ot of moptals:

How stranige is the lotof us mortgls,  Hacliof us is
here for 3 brief sojourn, for what purpose he knows not,
though he sometimes things he senses it. 51t without deeper
reflection one knows from daily 1ife that one exists for
other people~first of g1l for those upon whose smiles and
wellbeing our own happiness is whal ly derendent, and then
for the many, unknown to us to whoSe destinies we are bound
by the tl”S of sympathy. A hundred times every dy I remind
mys elf that my innor oivd oliter 1ide =Pe Babed Oh ctlhe 1l abhrs
of other men, living and dead, and that T must exert mySelf
in order to give in th'@ same measure as I have received
gond s SUill reecivinie, I gm Strongly drawn Go a8 frugal life
aid am often oppressively aware that [ =i eigrossing Ul
undue zmount @fglabor of uy fellow men., I regard class
dgistine€tions as nnjustitied and, in the Lash resoy .:;, based
on forcc, I glse believe that o =imple snd Whassuniing
life is good for everybody, physicaglly and mente ul__y.

I do not at all believe in human frezlom in
losophicagl sensses BV rybody acts not only under ext sl
compulsion but also in accordsgice with inner necessity

Schopenhauer!s saying, A man car do what he wants, but
want what he wgnts,! ha_) heen: g Wery pesl inspiration
gince my youth; 1t has been a oont nlgl econsol atioil ia Ll
face of life's hardships, my own and others', onc an unfeiling
well~-spring of tolerance. This regliZation mevcifully miti-
gates the essily paralyzing senSe of responsiiility and
prevents us from taking ourselves and other peonic all oo
seriouslyj it is conducive. ho a view of 1ife iichy 10 par—
ciculap gives Iumor its du (1931

0On F reodom

e

Only if outward and inner freedom are constantly anc
consciously purswed is there g possihility of spiritual deve~
10pment and perfection and this of improving men's solvward
and inner Yife, (1940} ‘Cibhid ps 32)

A 143(




Oon God:

'Rabbl Herbert S. Goldstein of New Y-7: cal
Einstein (April 1929): "Do you believe in God?:
cabled back: "I believe in Spinozals God, wlo re
himself in the harmony of all being, not in z Gogd
concerns himself with the fafe and action of meni, It
would heve been lmpossible for Hinstein to sive the rabbl a
more pointed reply or one which came ¢losSer to his own innar-
most convictions. Mamya time, when a nev theory appeared
to him arbitary or forced, he remarzed: iGoad doesn't do
anything like that.! I have often felt and occasionglly also
stated thit Einstein stands in particularly intimate ral ation
G0 the God of Spinoza's (A. Sommerfeld in ilbert Zinstein,
Philosopher-Scientist, The library of Living Philosophers
Eqitor Paul A. Schilpo, 1949, p 103)

Einstein on Mahatma Gandhi:

On the Occasion-of G.ndhi's seventieth birthday in
(Putlished iIn Qut of My Later Years, ilav Yorks

' ilosophicagl Library, 1950).

A leader of his people, unsupported by any ontward
authority: a politician whose succeSs rests not upon craft
nor the mastery of technicsl devices, but sim on the con-
vincing power of hiS personality; a viectorious fizntar who
has always scopned the use of force; a man of wisdom znd -
mility, armed with reso .ve ang inflexible consi T
has devoted a1l his strength to the upliftin: of 1.5 people
and the bet.cment of their loty a man who has cor onted the
brutality of durope with the dignity of the 9im
being, and thus at g1l times risen SUp erior,

59

| Generations to ocome, it n.y, bey vill scarce believe
thel such a one ags this ever in flesh agnd 9lood walked upon
this earth, (Ideas and Opinions, dhd. n 77,

Einstein on Machs:

The impact on Einstein of the views of Emst Mach
1s well known. To quote Zinstein ( Albert Zinstein: Philo-
Sopher Sciehtist: Mlitor P... Schilpp p. 21 (1949) :

"We must not be surprised, therefore thst, so to
Spealk, all physicists of the last century saw in classicsl
Mechanics a firm and final foundation for all physics, yos,t
indeed, for 211 natural salences.. It was Zmst Mach W0, 1
in Wis Mictory of Mechanics, shook this doematic faiths
this book exercised a profound influence upon me in this re-
gard while T was a studont. I see Mach!s greatness in his
incorruptible scepticism and indesmdonce; in ny youn rer
years, however, lach's epistemological position gslso influ-
enced me very greatly, a poSition which today 2)nears to me
to be essentiglly untengblie'.

t is noteworthy th-t Mach was influenced to a cons-
iderable degree by Indian Philosophie Bho o . Srwih Schro=
edinger obServes (My view of ths World, Cambridze Un_versity
Press (1964) p.37): JEfy Tirally, we look boek at oot idez
of Mach, Avenasrius and Schuppe which we outlined e ilicr
on. we Shall reslizZe thst it comes as near to t.e orthodox
dogme of the Upanisheds as it could possibly do 1rithout
Stating it expressis verbisi.

In his The Analysis of Sensations (Dover Publiecation),
Mach argues th t the two viay points = staticnary carth,
e oraag A B . s oo - e C?"-'_'\/Osi to

b LY ke N N D=y e




g 1O

equally well-adapted to their specisl pursoses’. B 't to
accept this equivalence is nothing, as he points ou Ly 110
comparision to the simple truth based On strai “htforward
psychological asnalysis that the “eg0l Lhe #11, 1o nothing
at al : but 2

ays (p«25): "The egzo must bhe gy b up. TG ds partiy Der=
ception of this fse¢ s partly the fear of it, th .t has
given .wisello thelmany extrav aZances

mism, and to numsrous religious, asce
absurdities, In the long run we shall

our eyes to this simple truth, which is

of psychological anilysis... We gholl thet Fo
renounce individugl immortslity, and not piiece

1

upon the subsidigry el ements than upon. the princoy,

transitory connexion of chanzing elements. He

S=1Mlsm gnad

0
T

5 i
o w

In this way we shall arrive at g freer and more enli
View of life, vhich will preclude the cisregard of
eg80S and the over-estimation of our own',

—
Ty
{g

{
il
J

Mach especially refers to Buddhism. He says
(footnote p. 355) Wor thousaids of years 708t Buddhism
has been approaching this concep tion from 5he practical
side"s He speaks of "the wonderful story tnfal-ded!" in
Paul Carus's Kamg, A Story of Early Bugglrsm, Chicage
( 1694); also The GoSpel of Buddha (1904

Mes zaze from Einstein for the T Bysics Laboratory of Delhi
University ( Febraary 24,12940)

"This is the sentence expressing nv =0od wishes
for your new Physics Laborstory:

Xeep. good comradeship and worr with love

and without ppe-conceived ldess ‘ond Yo will
be happy and successful in your wor-e !

Ae Bllstein
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ALBERT EINSTEIN: 14 MARCH, 1879 - 16 APRIL, 1955

By

Kenneth Brecher

Nature Vol. 278 15 March 1979

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 hirth., 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 most beautiful experience we can have is the mysierious.
It is the fundamental emotion which stands at the cradle of srue art
and true science. Whoever does not know it and can no long® wonder,
no longer marvel, is as good as dead, and his eyes are dimmec.

from The World as I Sec °t,
by A, Einstein (Philosophizal
Libraryvs New York, 1934

I believe with Schopenhauer that one of the strongsst motives
that lead persons to art and science is flight from the everyday i,
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, whcre the 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, Man seeks
to form for himself in whatever mannmer is suitable for him, agmplified
and lucid image of the world, and so to overcome the world of g¢xperience
by striving to replace it to some extent by this image. This is what
the painter does, and the poet, the speculative philosopher, toe
natural scientist, each in his own way. Into this image and 158
formation, he places the centre of gravity of his emotional life, 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, 1976}

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 Einstein.




The most incomprehensible thing about the universe is that it
is comprehensible,

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

Hoffman (Viking: New York,
1972; Hart-Davis, MacGibhon:
London, 1973

Paladin: London, 1977)

Out yonder there was this huge world, which exists independently
of us human beings and which stands before use like a great, eternal
riddle, 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 af religion belongs the faith that the regulations
valid for the world of existence are rational, that it is comprehensible
to reason. I cannot conceive of a genuine scientist without that
profound faith. The situation may be expressed by an image: Science
without religion if lame, religion without science is blind.

in BEinstedamn: His [dfe and
Times, by P. Frank
(Knopf: New York, 1947)

Of all the communities available to lis,  therw 4s not one T
would want to:chote 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, 1924, from the Borh

Einstein Letters, by M. BDorn
(Walker: New York, 1971)

In every true searcher of Nature there is a kind of religious
reverence; for he finds it impossible to imagine that he is the first
to have thought out the exceedingly delicate threads that connect his
perceptions. The aspect of knowledge which has not yet becen laid bare
gives the investigator a feeling ekin to that experienced by & chiddl
who 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 made
the world in a different way; that is, whether the necessity of
logical simplicity leaves any freedom at a1l

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 interested
in this oF thot phenomenon, in the spectrum of this or that ellement,
I want to know His thoughts, the rest are details.




in Einstean: The Life and
Times, by R.W. Clark (World
Pubtishing: New York, 18971z
Hodder and Stoughton:
London 19279 )

. God is cunning but He is not malicious (Raffiniert ist der Herr
Gott aber boshaft ist Er nicht.)
inscribed a2t Princeton

Physics is essentially an intuitive and concrete science,
Mathematics is only a means for expressing the laws that govern phenomens.

from Lettres a Maurice
Solovine, by A, Einstein
(Gauthier - Villars: Paris 1955)

God does not care about our mathematicel difficulties. He
integrates empirically,

in RQuest (page 2
n

o
CZ:

Infeld (Golla

How can it be that mathematics, being after al] a product of
human thought which is independent of experience, is so admirably
appropriate to the objects of reality? Is human reason, then,
experience, merely by taking thought, able to fathom the propercties
real things? In my opinion the answer to this question is, briefly,
this; as far at the propositions of mathematics refer to reality, they
are not certain; and as far as they are certain, they do not refer to
reality. )

from "Geometry and Experiencel.
in Ideas ancd Opinions (page 233)
by A, Einstein (Crown

;
New York, 1954)

In the matter of physics, the first lessdans. should contain
nothing but what is experimental and interesting to gse. A pretty
experiment is in itself often more valuable than twenty formulae
extracted from our minds; it is particularly important that a young
mind th=t has yet to find its way about in the world of phenomzsna shoul’
be spared from fomulae altogether. In his physics they play exactly
the same weird and fearful part as the figures of dates in Universal
History.

from Conversations with
Einstein, by A, Moszkowski
(Horizon: New York, 1970)

What applies to jokes, I suppose, also applies to pictures and
to plays, 1 think they should not smell of alogical scheme, but of a
delicious fragment of life, scintillating with varieus 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's
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.

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

Einstein Letters, by M. Dorn
(Walker: New York, 1971)




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 to wrack and ruin withotbtifaily

from "Autohiographical
Notes", in Albert Einstci. s
Philosopher-Scientist, edited
E.A. Schilpp (Herper and
Row: New York, 1959)

The only rational way of cducation is to be an example - if
can't help it, a warning example.

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

in Albert Einstein: Creator and
Rebel (page 24), by Danesh
Hoffman (Viking:
New York, 1972; Hart-Davis,
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
how anybody could know so much and understand so Idttletl Fapstein
always cmphasized that you could know too many facts and get lost
among them.

E. H. Hutten, in Einstein:
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
to his estimetion thece are more clergymen interested in relativity
than physicists. A little puzzled I asked him how he would explain
this strange fact. He answered, a little smiling, "Because clergymen
are interested in the gemcral laws of nature and physicists, very of ten,
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,
however, said about him, 'I admire this type of man, I have FitéEle
patience with scientists who take a board of wood, 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,
2 249 (15949

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 to Paris, a well know hostess achieved 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 process of creation than in the actual opus which
came out of this creative process .... and he started asking gues-
tions of Einstein about how he wozked.

"How do you work, and could you tell us something of this?" Einstein
was very vague a2hbout 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 notebook
and whenever you have an idea you write it out in your notebook."
ngh", said Einstean, "No. I dom'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,

Jd: Menon, in the Lreative
Process in Science and
Medicine, edited by H.A.
Krebs and J.,H. Shelley
(Elsevier: New York, 1975)

He was whether he thought that everything coul
expressed in scientific terms. Einstein replied:
conceivable, but it would make no sensec. It would
to reproduce BDeethoven's Ninth Symphony in the form
pressure curve,”

E. “ozn, in Ihe Croetive
Process in Scienee and
Medicine, edited by H.A,
Krebs and J.H. Shelley
(Elsevier: New York, 1975)

, During his Zurich stay the woman doctor, Paulgtte Brubscher,
asked the whereabouts of his Laboratory. With a smile he took a
foduntain pen out of his breast pocket and said: "Here'.

from Albert Einstein: A
Documentary Diography, by
C.Seelig (Staples: London, 1956)
The most important tool of the theoretical physicist is his
wastebasket.

told by P Morrison

Just as it is the pride of many people never to have any time,
so it has heen Einstein's always to have time. I recell a visit 1
once paid him on which we decided to visit the astrophysical observatory
at Potsdam together. We agreed to meet on a certain bridge in Potsdam,
but since I was a good deal of a stranger in Derlin, I said I could
not praomise to be there at the appointed time.
"Oh", said Einstein, "that makes no difference; then T will wadil on
the bridge,!
I suggested that that might waste too much of his time,
"0h" no," was the rejoinder, "the kind of work 1 do can be donc
anywhere., Why should I be less capable of reflecting about my problems
on the Potsdam bridge than at home?"

in Einstein, His Life and
Times (page 118), by P. Frank
(Knopf: Mew York, 1947)
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The friendship of my thesis professor, Rudolf Ladenbury, and
Einsteinwas a long one. They had been together in Derlin before
coming to Princeton. Ladenburg liked to tell of their fimst meeting
about 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

)

important work. He pullcd out onc drawer aof his desk and said that
it was his theoretical physics office. His duty of reading patents
book little time, and he worked upon physics whemever he was free.

Yoo B

BEITS; Jitm. Jeo PRYyses,
46,506 (1575)

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, one
can be happy if one is not trampled down by the stampecde eaf the buffales,

in Albert Einstein and the
Cosmic Werld 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 Dasie
concepts, it will never be overthrown

from "Autobiographical
Notes', in Albsrt Einstedms
Philosopher-5Scientist, edited by
E.A. Schilpp (Harpex and &
New York, 1959)

oW e

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

by C. Lanczos, in Einstein:
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, ane wing
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
equation). The phenomenological representation of matter is, in fanty,
only a crude substitute for a representation which would do justice
to all known propertics of matter,

from "Physics and Reality"
(1936), reprinted in Ldeas and
Opinions (page 311), by Albert
Einstein (Crown:
New York, 1954)

1 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,
In short, chaos. But that, there should be statistical laws with




£ X/

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

in Albert Einstein:
Documentary Biography,
€ Seslig (Stapless

London, 1956)

I in perfect laws in the
which I try to grasp in a

from letter to Max dorn,
quoted in Albert Einstein:

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

Harper and Row:

New York, 1959)

The present theory of relativity is based on a division of
physical reality into a metric field (gravitation) on the one hand,
and into an slectromagnetic field and matter on the other hand. In
rgality space will probably be of a uniform character and the present
theory be valid only as a limiting case. For large densities of fidd
and of matter, the field equations and even the field variables which
enter into them will have no reéal 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 "Heginning of the
ion" must mean a singularity in the mathematical sense. All we

realise is “that the equations may not be continued over such

Xpans
have to
PegionsS,

in the Meaning of Relativity
(page 129), fifth cdition, by
AlLbert Einstein (Princeton
University Press:
New Jersey, 1956)

Quantum mechanics is certainly imposing. 3ut an inner voice
me that it is not yet the real thing. The theory says @ Lot

ces not really hring us any closer to the secret of the'old one'.
any rate, aem convinced that He is not playing at dice,

from a letter to Max Dorn,
December 4, 1926, from The
Born-Einstein Letters, by M.
Born (Walkex:

New York,1971)

The Heisenberg-Dohr tranquilizing philosophy - or religion? -
is so delicately contrived that, for the time being, it praovides &
gentle pillow for the true believer from which he cannot very gasily

he arogused. S6 et him lie there.

in a letter
May 31, 1928,
Wave Mechanics
edited by K. Ha
(Philosophical tibrazy:
New York, 1967)

Is it concsivable that a field theory permits one to understand
the atomistic and qusantum structure of reality? Almost everybody will

answer this guestion with "no". Dut I believe that at the present




time nobody knows "anythang reliable about it,  This is s0 because:we
cannct judge in what manner and how strongly the exclusion of singu=

larities reduces. the manmifold of

cannot at all be represented

cnomena it appears to follow

Ane energy. ean be completely

@scribed by a finite set of members (quantum numbers). This

2m to be dimp accordance with a contimuum theery, and must
attempt ta find a purely algebraic theory for description ef
reality.  But nobedy knows how to obtain the basis of such a theory.

in The Meaning of Relativity
{page 165), fifth editicn, by
Albert Einstein (Princeton
University Press:
New Jersey, 1956)

You imagine that I look back on my life's work with calm satis-
A.. But from nearby it look quite different. There is not a
1e& comcept of whiech I am cenvinced that it will stand firm,. and T
eel uncertain whether I am in general on the right tract ..., I don't
‘ be wight o.... L only want te know whether 1 am right.

from Lettres a Maurice
Solovine, by Albert Einstein
(Gauthier-Villars: Paris, 1956)

thing ‘I have learned In a long lifes that all our science,

against reality, is primitive and childlike - and yet it is

)

preeious thing we have

frontispiece to Albert Edinstein:
Creator and Rebel,

by Eanesh Hoffman (Viking:

New York, 1972: Hart-Davis,

MacGibbon: London, 1973:

Paladin: London, 1977:

The assence of a man like me lies just in what he thinks and
haw ' 'hei thomnks = mnet 1o what he does orisuffers,

from "Autobiographical
Notes", in Albert Einstein:
Philosopher-Scientist, edited by
E.A. Schilnp (Horper and

Row: New York, 1959)
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Einstein’s Creative Thinking and the General Theory of

Relativity: A Documented Report

BY ALBEKE ROTHENBERG, M.D.

(3
A document vritien by Athert Linsiewn has recentdy
come to light in which the eminent scientist described
the actual sequence of his thoughts leading o the
development of the general theory of rélativity. The
ey creative thonght wuy an instance of d 1y pe of
creative cognition the author has previousty .
designated **Janusiun thinking.'* Junusian thinking
consists of actively conceiving two or more opposite or
antithetical concepts, ideas, orimages
“simultuneously. This form of high-level secondury
process cognition has been found 1o uperate widely in
art, science and vther fickds. i

ALBERT EinsTEIN was clearly one of the world's most
creative scienlists. Among his many accomplish-
ments, the formulation of the general theory of relativ-
ity stands out as one of the most far-reaching scientific
€vents in the modern era. As a new theory of gravita-
tion, it embraced Newton's classic theory as a speciul
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-
ert ustrophysics can be truced 1o this theory and the
driamatic confirmations of its predictions in 1919 from
data collected during a solar echpse. o
Hecause of his importance and the e xalted nature of
his accomplishments, many specilutions have arisen
ebout the roots of Einstein’s genius and creativity (-
o7 Much bas been made of the ruther remarkable. but
now generally known fucts that Finstein learned to
speak late, did not perform well in his early school
ye oamd was not highly proficient in verbal skills
thioughout his life  Emphasis has been placed on the

visual pature of his thinking, which he reported (@ his

-
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coffeague Hadanard (8) and o Wertheimer (7). Be-
cause of Linstein’s gentle and somewhal 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-
late the regressive, primitive roots of creative thinking
(9-i1). : '

Tracing specific factors of creative thinking is highly
complex and difficult; especially in science. Scientists
rely 50 heavily on the contributions of 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-
enlist’s personality, cognitive modes, and outlook,
specific data are needed before it is possible to connect
any particular personality factors or modes to a specif-
i¢ attainment or discovery. The assertions of childish,
primitive thinking in Einstein's qiscoveries are espe-
ciully bused on surmise and specylation. Even the em-
phusis on visuat and geometric thinking, plausible as it
may be, derives only from Einstein's sketchy and gen-
eril descriptions to Hadamard, As with most scien-
tists, Einstein gave out very liﬂllc information during
his lifetime about the circumstances or specific se-
quences of thought cunnecteq with any of his attain-
ments. Ic

An important document hgs recently come to light,

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! Stifl unpublished in its en-
tirety, it was written in Eigstein's own hand in approx-
imately 1919 and titled by him (in translation from the
German) ** Fundamental Jdeas and Methods of Relativ-
ity Theory, Presented iy Their Development.®' It was
found after Einstein's dgath among his personal effects
and includes an unusuglly explicit personal statement
by a mun whose writifgs are almost invariably scien-
Ufic or impersonal, Hven Einstein’s autobiographical
fotes, written al age 67, cunsist primarily of an exposi-
tion of his theories §12).

The section | shall gnote was subtitled by Einstein
The Fundamental‘ldea of General Relativity in Its
Original Form. Pfof, Gerald Holton published other

i

/
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translated versions and portions of these passages in i the s gravitational field fall with the same uccelern-
- i g . . - . » L ‘.Le cra
l.?73 (:7) and 1975 {13). The entire document is in the Bon dmime sately wok on. throngh this considerting. a
Einstein Archives at the Princeton Institwte for Ad- deep physical meaning. For if there i« even ofe thing
vanced Study, The section | shall quote was transtated which falls dilterently i a gravitationat field than de the
by Professor Holton and was made availablé to me hy officrs. e uhserver wanili discers Gy means ofif that he
the executors of the, Einstein Estate. Otto Nathan and 1% falling in it But il sich a thing does not exist a5 e xperi.
Helen Dukas. The section begins with Einstein's dis cnce hus confirmcd with wreat precision the ohserver
gt T 5 ) Nausndlaid b lacks any ohjective ¢ 1y cansid ol as Labling ¢
cussion of cansiderations involved in his discovery of 3 t:"'\' _'?,‘,,, ;’:,‘ ::( ;:;‘l ';."l:;:: ;”;;Lmh: l"h’:'?;;;,fl ::: '(:3"::%3
. s S { [ARSR I LRESS ) O, Rathedr, he hos Creht o ¢ 3
SPCC,_!?" rc"‘"-‘“')’ 'hc“’i}" '!“3' theory he cxpanded and his state as that of rest. and his sutrounding Guarh respeet
applied to gravitation in his general theory of relativ- 1o gravitation) i~ held free
ity. These considerations involve 3 seeming discrepan- The Lact, known from coperience. thitt acceleration in
cy of interpretation arising from the Maxwell.] oremy free Lall is indepeadent of the miierial s therelore
theory explaining Faraday's work: on electromagnetic mighty arsument thiat the postlate of relativity is o he
induction: extended to coordinate systear, that e nieving nnn-m‘i
formly relutive to one another .

In the development of special rebaivity theory, -« 5 : ; :
thought —-nol picviously mentioned —concerni Fara. The happicst thought of Einstein's life as described
day's work on eleclramagnetic induction played for me a here was the formulation that provided the foundation
leading role. for the peneral theory of relativity. I'rom the € XPOsi-

According to Favaday, when a magnet is in relitive mo. tion, 1 is clear that this “happiest thought " was his
tion with respect 1o conducting circuit. an electric cir- underscored there talicized) phrase, “Thies. for an ob-
rent is induced in the fatter. It is all the same whether the xerver in free fall from the ehof of o fronese there exists,
magnet, moves or the conductor: only the rekative motion during hiy fall no eravitasional field. Vinstein was
counts. according (o the Maxwell-Lorentz, theory. How- oo referring to the analogic thought in the immediate-
ever, the theoreticat interpretation of the phenomenon in I S SEnte e R i licr paagraphs, h
these two cases is quite differem. | . | ¥ PIEVIDLIS sentence Recitise, in catlior piy agriphs, he

. . 2 v - .o £S5 15yt SR O " 2 2 5
The thought that one i dealing here with two funda had made it clear that he had had in mind for some

mentally diffcrent cases was. for me. wtibearahle liwar mir time the idea of au andlogy hetween clectromagnetic
nertriglich]. The difference between these two cases induction and gravity. The analogic thought. in other
could not he a real difference, but rather, in my con- words, was the Tormulation of the problem, and the
viction. could be only u difference in the choice of refee- underscored idea was the solution. I is tmportant to
ence point. Judged from the niagrict there certainly wete emphasize this because the cxpost on indicales many
no electric figlds: judged from the condueting circuit there factors eeortaining 20 Binapin'y capacity o make this
Sefliny Wi oo The cxivinct of a clostndhedd WAS  discovery, suchas s 1l and complete knowledge of
therefore a relative one, dependiag on the state of motion.  (hdories and facts bBis cxtraordinary intclligence and
of the coordinate system being used. and u kind of objce- hcidity: hic  ssinnate decation (o solving the prob-.
tive reality could be granted only to the « fec o mags ST Livelveiaen! ia the substance of
netic field together, guite apant from the state of refative s srdirs S Tt “‘Vf"w'““"’!‘ ;‘f : "j stibslance o
motion of the obscrver of the coordinate sysiem. The phe-  the matter —seen in his statement, **The "“‘”E"' that
nomenon of the electromagnetic inducion forced me to < one is dea! 2 here with two fundamentally different
postulate the (speciul) seiativity principle. : cases was, for e, unvearable %t this is worthy of
When. in the year 1907, I was working on a summary attention and analysis, but Binstein’s creative leap of
essay concerning the special theory of relativity for the thought is discovered here for the first time clearly
Yearbook for Radioactivity and Electronics | tried to specilicd, nd it s this though-—ue frappicst one of
!nodify NC.WI'OH‘.‘? theory of gravitation in such a way that Einstein’s life —which requires explication. The leap
ft would fit into the theory. Attempts in this direcion o 1hought Einstein described is an instance of a psy-
:&o;’s::"xg‘p:;:xry:g O'f:“::y'"tim';,[?:;s! c‘;ﬁfm"“‘r:"z chological process § have previously tin 1969 and 1971)
satisly me because they had 10 be supporte S s : s
by hypotheses without physical baq?s. Al that pnigrthcrc dcﬁnm‘l.. d""u."“"td'. “‘7‘“?. cxperimentatly, and desig
came to'me the happiest thought of my life. in the follow.  Nated “Janusian thinking" (14-18).
ing form: :
Just as inthe case where an efectric field is produced by
electromagnetic induction. the gravitational field similarly JANUSIAN THINKING
has only a relative existence. Thas, for an observer in free
Sall from the ronf of a howse there exises, diring his fall, Janusian thinking consists of actively conceving
‘m..;‘ gravim(imml.ﬁc!fl [Einstein's italics]—af Jeast not in two or more oprosite or antitheticel concepts. ideas, ‘
iy immediate vicinity. If the observer releases any ob- or images similtancously, both as eaisting side by side
jects. they will remuin, relative to him. in a state of rest. or and/or as equally operative or cqunlly true. In order to
in a state of uniform motion. independent of their particu- lanfy the creative nature of this ivbe of thinking, I
tar chemical and physical nature. (In this consideration Ty the LIeative v _.e SRR ¥e : e
shall first briefly reviev. tlie iesearch that led to its dis-

one mus! naturally neplect air resistance .t The obeerver is et e
therefore justified 1 considcring his suae as one of covery and then return to show how it is manifest in

‘‘rest.” : Einstcin's dramatic formulstion. =
_The eximordinurity cumons empitical law that aif Fodies Janusian thinking was discovered through empirical

39
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SR 51&‘% nl the creat ¢ process consisiing of extersive
e 50y chid . : !
on uz:.mn W vk in ,nm feas (19 inalyses and recon-
structions Sboth statisy B ”rsiruﬁm l hit-
elal, mmn processes of i i :
assessed i other types ‘u ;.a\ archi
vxperimeniyl
views focused i
‘systemandally mret Mi“ Creadive mfumu,nt\ over an
extended peyiod —-usually months or vears—and. 1 &
collaborative effort (nod a treatment or a psychothera
py). we explored the ihou;:;hi:‘. feelings, fantasies,
dreams., .'mli? vesats in u.m wves thit were connected
to the creative work they were engaged i at the time,
On the bisis of these interviews, which tolal 1,663
hours to daty new experimental techniques were con
structed and particular controlled e*xr-cmm:ms de-
signed to eliit cognitive patterns were performe
both with th individuals who had participated i
intervivws aml with 149 other creative indivaduats aud
control subjedts (17, 18, 20).
were used for discssing the creativeness of the individ-
vals mvolved |8 the various reseaiches,
individuals fory n. mterview series was hased primari-
ly on two tactorg Jugh creastivity ratings by peers and
endorsement Dy society al larpe. For the creative
writers-and wiui\_;igm who were oy interview subjecty,
thes meant vouphly that they had achieved some mujo
honor or uwards such as the Nobel Prize. Pulitzer
 Prize. National “\mi\ Award, Bollinzen Poetry Prize.
membership 10 thet American Academy of Arts and
Letters, in the NaGopai tastituie of Arts and Letiers,
in the Amuericun Avade Hy of Arts and Science, of 1
the National Acadeny of Steaces, and that they were
u‘-'lsuh'rud hs-vn:\( .

vkl alnd

-{luht. Sl

VL Nmm;}h an-obiechive survey

'Thi’ tclm ? .izu'sml;{ﬂ I(hg;gk’[n‘u“
man“ed Janus, winie muliple faces (two, four, ur
six}E 0 were trned W several opposite diteotions at
onice. fn apparent detugee of logic 0F matters of phys-
icad impossibility, the icative person formulates two
ar more upposites o antitheses coexisting and :sirm'a!';
taneously operiting, ¢ formubation that feads 1o in-
tegrated concepts, images, and creations. Flis form of

thipking. apparently uni Jue 1o creative people. plays a

£
constant role m diverse fypes of creativie processes.

Front the reports of my wubjects and trom othicr doci-
menied soirces . i \.h.‘lli\ npu.til‘d{ ﬂs‘u} the creation
of poems, novels. plays ‘puintings, o sculptures, snd
it eperated during the cranjon H new scicnitiic theo
ries and creative leaps of theupht connectod 16 very
tmpommi seientific dives V(G n- :',T'm_ {lecurime a
cial moments durnmg the process of creating, usis d‘y al
the momcent of mspication, this form ol ilm'bn‘g has
eftects thutiare not alwaysovertly manifest in the final
product. The Junusian In'muz oo, in ather waids s
often a cricial SEEp or Waysttion that fafer ns;dcz‘gucs
a good deal of anstormation amd revision.

Betore | descibe the tevisions and imstormations
as well as the functons of Janusian thinking, it i im-

)

Althouph differing criteria

selection of

is based on the Ro-

portant to pote it nany untransformed fanusian for-
1 . R frprig £ o1hve e

creations of the wortd. i religions creations, 1or -
stance. there is the Yinand Yang tormuiaiion of the
Taoint relicion: twe opposite and universal
piinciph stagle
force. Nirvana and Samsara are the dommant anified
pl'iuk'lpis"‘ of Buddinsi theoiogy  Nivvana, the
the cycle of rebirth, is opposed t and simultancous
with Samswia, the (’ndh'\,' series of incarpations and
reincamations of fiving things. In the Muddic Bast Zo-
roastrianisin, the major rebgion of the vast Fersian
Empire, had a5 its basic tenet the simultancous pres-
*epce from the beginning of all things of the twin but
opposite gods Ormazd, the god of hight and goodness,
and Ahriman, the god of darkness and evil. The pre-
cepts and descriptions in various aspects of Western
theology of 4 simuitancous ependion of God and the
Devil: “im:‘ ar as they are thunmg,(ml creations of the
human mind, are also direct maaitestations of Janusian
formuiations, :
in philosophy simultancous opposttion and antith-
esis are maaifest in the pre-Sociatic conceptions per-
faining o being and Becoouny, Nictzsche's Diony-
sian and Apallonian principies. Kicrkegaard's behet
by virtue of the absurd, and Sartre’s representaiion of
Being und Non-Being. In psychology there are Freud's
formulations of the conscious operiting together with
the snconacious and the theory of the dw'xm- fupction:
ing but opposed instinets of sex and aggression. Direct
manifestation of simultancous opposttion is probably
mmast apparent o the poetry pmduu-d by gicat cre-
ators thronghowt the world and throughout the ages.
Miny migor poets and critics, including Witham
Biuke. Samuel Tavior Coleridpe. Cleasth Brooks
Robert Gruves, Ay bowel, Kobert Penn Warten,
Alten ‘tate, and John Crowe Ransom, have emphic
sucai that pmny Is *rmd unentally based oo clements
ot 4o« iose relation, paradox.
xagples m;,gvc*.l the workings of Janusian

torces or operatinge together us a

end of

All lhc_xc

~thinking i diverse types of ereations, but my evidence

is not based merely on consideratton of these final

*created products, It s derived from experimental data

and empirical abservations of the constant use of this
type of thinkimg in the achievement of creative wdeas.
For instance; plagued all his lite by the suicide of a
roommale in hts vouth, a suicide apparenily precipi-
tated by the roommate’s wile's hdelity, a great play-
witght came 10 realize that the suicide was also mot-
vated by guilt over asimultancous but opposite wish —
the-man bl wanied his wite 1o be sinfaithtul. The for-
mubetion resuiting from this realizanion —the idea that
s former roommate had both wanted and not wanied
his wife 10 be untaubitl ~instigated the writing of one
of this pliywright < most highty esteemed plays, and
the idea diectly infhuenced that play’s structure and
substance (4). Anotlicr noted pluywright decided to
write 1 comedy shortly after his father's death, He
strctiired Hus hophly successful play around charac-
ters whe were both biving and dead ot the same time,
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These characters were not to he represented as ghosts
but as lost persons struggling to survive and to under.
stand what had happened to them (20). Annther sub-
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 un elaboration
of this early 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 hut they lived human lives, they were not hu-
man aid were human at the same time (20, 22). Anoth-
er poel, walking on a beach, came on some rocks and
though': the rocks are hieavy, they are weapons of vio-
lence b i, at the same time. they feel like human skin.
This ipsniration led to the construction of a poem con-
cerning ‘he relationship between sex and violence in
the worl'. That sex and violence have much in com-
mon was in immediate formulation at the time of pet-
ceiving thz anfithetical qualities of the rocks. For an
example f.om painting, a careful analysis of Picasso's
drawings nd the successive stages of his creation of
the great o ural Guerniva 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 couriyard at
the same time (20). In context, all of these creative
constructions iavolved high-level, conscious, abstract
thinking. As a nsychological process, Janusian think-
ing is a compic =, nonprimitive form of cognition.

EINSTEIN'S CREATIVE COGNITION

The sentence following Einstein’s underscored and

happiest thought is, ‘*The nbserver is therefore justi- -

fied in considering hiis state as one of ‘rest.” "' Adding
this, Einstein clarifed 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 i: simultaneously in a state of rest;
the observer is thus in 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 Jaw that ail bodics in the same gravitational field
fall with the same ac::eleration”’ with a **deep physical
meaning.”' From the {ormulation that an observer in
tree fall is both at reci 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 geieral theory of relativity, Ein-
stein’s creative leap, was a formulation of the opposite
states of motion and rest operating simultaneously, an
instance of Janusian thinking.

ALKERT ROTHENBERG

That Einstein knowingly formulated a condition of
simultanecus antithesis is clear from the discussion in
conmtext, In o dipary experience, falling or being in mo.
tion and beig at rest are completely antithetical, He
therefore devoted several sentences to expleining the
particular considerations allowing the moving observ-
er to-—-as he states twice——""consider his state as that
of rest.”’ As Einstein knew. it was a rather shocking
and dramatic breakthrough.

The complete development of the general theory of
relativity depended on the previous conceplion of the
special theory, as Einstein here made clear, and that
theory depended, as Gerald Holton bas shown (5), bn
the dircet and indirect influcnce of Muxwell, orentz,
Mach. Poincaré, and Fopp! 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 f{or
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 2 way (o connect
gravitation to relativity on the basts of empirical or
physical reality. This key step was formulated afi at
once as a simulaneous 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 infercnces from a series of observations or
deriving conclusions directly from a theory. Nor, as is
intrinsic to a dialectical process (dialectical and Janu-
sian thinking are not the same). did Einstein consider
the opposites or antitheses in sysiematic fashios in or-
der to synthesize or combine them. Although he may
have engaged in such systematic thinking about the
probicm at other times, he stated he was workingona
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 1o sug-
gest primary process material appearing i con-
sciousness, no sudden idex 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,
i his words, his **happiest thought.”” He did not qxagi—
cally conceive of the equivalence of vpposites. Visual
thinking, which Hotton (5. 13} and others (7, 8) have
emphasized, and imagery se¢m to huve been preseat.
The idea of a person falling from the roof of a house
suggests a'visual conception. Ruther than the prunary
process visual imagery emphasized by regression the-

" ories of creativity, however, Einstein’s probable visu-

alization in this case very likely involved ;mot’gcr Lype
of high-level creative thinking tHomospatial thinkyag).
which 1 have described extensively elsewhere 122
Einstein's account also clemly conveys buth the
aesthetic orientation and emotional ipvestment 5w

al
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thought that onc ts dealing here with two f‘.mr;t';".*(!!‘cii:k
ly different cases was, for me. unbearable. ') con-
nected with his s¢ tentific hiaking that has been em-
phasized Ly Holton (9% 4n futeracee - )
SuaPiCily Gn0 Woal SE01U ilds Ceserioed as 2 sensitive

=anomv and

ity o asymmetry and an Er.ncz'c‘s:. i;,Ahj,'ﬁ_él.EC&l‘}' seem to
play a general 10le Jantsiun thinkivg is refates in un
instrumental and criticaly facilitative way
general factors. As it is extensively L'»‘..:.r;niw.;.i:’z acs-
thetic creation, ay it has definite and speciSe con-
nections with emotiony sources and emoioua: LOoais
(15, 20). and a5 simultareous antitheses or opoositions
are intrinsically symmetrical, Janusian thinking is a
more primary creative factor than ti.e seneral ones.
Holton’s observations are important; aesthetic goals
operate uhiguitously in scientific creation. Looking for
economy or rejecting asymmetry or being emotionally
invested are not, however, the same thing as deriving
the particular formulation of simultaneous antithesis
that provides key cenceptions and dramatic creative
leaps.

hese

In its fu-lly‘wofkej-om form, the generai theory of

relativity presented xhat physicists today consider the
principle of equivalznce of gravitation and inertia, Ac-
cording to this prirciple, there is no way lo distinguish
the motion produc:d by inertial forces—acceleration,
deceleration, cenrifugal forces—from molion pro-
duced by gravitatpaal force. In blind-fying in an ajr-
plane, for instanze, it is impossible 1o separate the
physical sensatiar of pulling out of a dive and that of
executing a steely bunked turn at high speed: one
cannot separate the eficets of inertis from thuse of
gravitation. In both cases blood i drawn avay from
the brain and (he body is pulled down feavily into the
seat. The fully vorked-our theory, moreover, gave a
picture of the universe as g four-dimensional space-
lime contintinm a construct thal < haaeed previous
conceptions sucy . ¢ o LG ai o
matter in a seu of space, Re volutionizing science, rhi-
losophy, und mian's view ol the nature of physicnl ex-
penience, this cnstruct is the basisfors w0

mological conieptions. The theory not only allowed

for prediction: about deflections of the lizht of stars

seen in a sohr eclipse, it explained 41 observotion
about the behivior of the planet Mercury that had not
been dccounted for by Newton's laws. It provided a
means of deiling with high speed velosicoy and in-
tense gravitational fields, and it provided an under-

nding of the shape and size of the universe. Much
claboration, deduction, and calculation went inty the
development of the entire general theory of relativity,
and there bus been much empirici! testing und concep-
tual elaboration since it was first constructed. How-
ever, as Einstein's exposition now makes ciear, the
key lhpt}ghl allowing for the formulation, the creative
le:_xp giving his incomplete ideas u chysical basis and
bringing them together in a meaning v} formuelation,
-was the §pecific conception of vpposites overating si-
muhaneoualy—an abserver being in motion and at rest
at the sume time. Such a formu!ation is g cardinal.in.

423‘ B — o 1
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stonce of the creative coznitive process of Janusian
Hhinking

The copnitive process | have escribed is not the

1 - b rizvestigaiors. It is not
at all merely a manifestaiion of Guilford's “divergent
thinkizg”™ (23), Koestler's **bizociation" {3), De-
Reno's e al thinking” (24). or Mednick's formula-
ton of tie Liinging gz der of remote assaciates (25).
is u directzd thought process in ‘olving active formu-
lation rather than as:aciation or bisociation. More-
Gver, it involves active espousal of specifically anti-
thetical or oppositional entities rather than only diver-
gent or “lateral,"" unrelated, or remote ones. Nor is
Janusian thinking an illogical or prelogical process. Ip
distinction to schizophrenic thin ing or the thinking in
dreams, for instance, it is a logical postulating of what,
on the surface, seems illogical. It is not a form of pri-
mary process thinking nor does it derive directly from
the uncomscious. The creative person actively brings
together opposites and antitheses as a means of formu-
lating scientific and otber problems, initiating and fa-
cilitating aesthetic tasks, creating theories, making dis-
coveries, and constructing works of art.

As seen in Einstein's description, during the crea-
tive process the creative person is in neither a trance
nor an altered state of consciousness, nor is there any
indication that unconsciotts material erupts directly in-
to consciousness, This is not primary process or free
association material brought into consciouspess by
suspension of secondary process thinking and/or logi-
cal and critical judgment. Nor is it correct to say that
Janusian thinking consists of unconscious or pre-
conscious material appearing in consciousness during
an altered state and then later subjected to logic and
critical judgment. Critical assessment and logical elab-
oration are always necessary (o consiruct and articu-
fate a full theory (iscovery o work of ant, but, as
cansicyr s descripiion again makes clear, the creator is

~ alyo fully logical and capable of full critical judgment at

the moement the anusian formulation. Janusian
LRl IS v of SeCoiluary process cognition. Cre-

ative individuvals are fully awure that the elements of

their theught would be, in a particular context, anti-
thetical, but they engage in what may be called a logic-
transcending or *“translogical’’ leap of thought,

|
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- Editor’s Note:
Lecture at Los Alamos
- ' not

‘This papet was presented ©3
b

in the paysics af the 20th oentier s

Y ask, “,"‘,, Tl Sor,

- Einstein’s pace
gencm"y considerad unique. And ane me
pne could name several whosc fum»" m:nt:v! ~gntributicns
fo the physicist’s comma:: stock of knowle . »ay be con-
sidered even more relevont than Einstair s—al any rate

- comparable to his. Here 2ve the names of yome: Lorcmz,
Poincaré, Rutharford, Bohy, Ferm?, Helsenbers, Dirac, and
Schrﬁdmoer.

Einstein'scontributions to meﬁ of physics with which
ilddﬂllsof physics, without exccption, would be familiar
are those derived from his three famous papers of 1905:
dealing with his [Luncing of ths special theory o relativity, |
the theory of Pm"m'an "‘ﬂuon, ant the ooncept of the
. photon. While all these contribitic. 5, singly, and even more,
wgcthcr, place Birstein zmong the foremost pnystcnsts of
our time, one canroi be condident that on thace ace: 3un4.s his
 place is one of exceptional unigueness, After ail, Lorentz,
and even more 5" incaré, wors not thet {ar bebirc Emslcm
in formulating (b2 principles of spacial relativ xy.a s
' to Minkowski that we turn for the degzrzat formulaiion of
the concepts of special rclativity. Sinotuchowski, indepen-
dently of Lmstc.n discoversd the theory of Brownian mo- .
tion; and it is to Smoluchowski (iat we tura for the unra-
veling of all the muliifasious asperts of that theory. And in

. the formulation cf his concept of the photon, Einstein was
. preceded by Planck end followed hy Bohr. And let us not
forget the great figure of Poincaré whe looms behind so
~“much of the r 1thematics of the 20th century and of physics,
mdrcrﬂv

... Why, then, s Zinstein unique? To this questionthe an-
- gwer undoubtedly is that besirdes 211 his contzibutions that
* Bave been enumnerated, fie wan the sa 2 and the onely
iscoversr of tie genaral theory of r*".f,‘ll.i"!d
With that msessment, | agree. o
Bul Einstein: rnique fzmz derivina frm h‘e m.!w- op-
ment of the geleral m"n'y af relativity i
.- doxical aspects Ferhaps e most r*f’k,.w - 1';
' exalted place which Binstein war given for o
- the general thesry ~f relativify b somz ol
" tigators, who waig criinent
- “the benign negiens ao w; ch !
- professiona’ suic: i
to.mention tm B
. subjected ovg
.. Micting stranda
unotanet*“jtab e e
i Fahgre and encoro Yoy i
i 3 k
4‘,.. A3 the grestest eanpie

’tboumt 2

A m- Am. L Phys. 4703, Mar, 1970

AL,

arly inves-

5, & ﬂd

-Rot -

tlu i ’)\“’

Scientific Laboratan*s on Auaust 17 1978
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“Q,(; gl ‘_;‘,,

! et me hepin by descrit ng inthe most gcneul teﬂmm
basic ideas whick led Einstein to his theory of gravitation
by the sheer power of his speculative thought. It should be

ph st that Einstein's replacement of the New-
tonizi thieory of gravitaticn by his own theory did not arise
in apy of the. nor -mal ways in which new phyuca) lheonn
emerge.

it is almost invariat bly the case that new theorm in
physws, or rovzl generalizations of the old, result from a

- definite conflict with expericnce; and the ideas for the new.

theory are distilled from the need to  incorporate the facty,
which appear to coflict with what is already known, ins
ha-monious whole. Further, the success of the new ideas is

judged by the extent to which they can account for new

pirenomena. The geaeral theory of rclalmty did nol origi-
na‘c in this fishion.

Einsizin started with the premise that Newton % theory
reguired a reformulation, since it was in manifest conflict
with his cwn specia! iheory of rciauvny The basic tenet of
the crecia! theory of relativity is that in physics there can

' be no instantzneous aciion at a distance: no signal of any

kind can be pmnagated with a velocity exceeding that of
light. And, of course, Newtod's laws of gravitation postulate

" instantanevus action al a diftance. Besides, at the base of -

Newton'’s laws ef goavit:ition is an enigmatic fact-—well

_ established, but not understood, before Einstein. The
; emgmatéc fact goey back to Galileo's well-known demon-

stration izom the leaning tower at Pisa that all bodies, Jarge
or small are aceet - oot capally ip the ]malgravﬂatmnal
fieid ol tiie eaci Frcia this cyuality of acceleration of

-different masses, one concluded that mass as a measure of

the quantitof t  fer and mass as 4 measure of its weight

Al ichsivih g b odiTio. 3 e Uotstuy is commonly referred

o as the ;.qruhlv n{ the inertinl and the gravitational masses

s 2fua'ily ad no theoretical basis before
al fact which requires ex perimental

an
,“g’r‘ nes

. e idenics. Mewton was well aware of the need for experi-

mental evidence for this crucialfact. Thus in the opening
paragrac.: .t Lo Princisia, Ncwtun wrole

“A of dcv bie densi’y, in a double space, is quadru-
pie in ouantity: i a triple space, sextuple in quantity
oo g the guantity that ' mean hereafter, every-
where, undar !iv Wms of‘ b=dy or mass. And the
sanie is knoy wn by the waipht of e ich body, Jor masg
is progortiona’ te the we. hi, as | have found by ex-
perirnents on nepculurc s very aceurately made.”

M ote !

<l masses to wh ﬁh Newton makes reference,
Loyl
Eigt

has in reezs
F\" v( E'i gopcen;
Theexiics v generl foets |

#1979 Anmrics Awsociztion of Piysics Teachers .

fiut this eavzlity of inertial
5 b:f”* estuulislizd to an accuracy of ong
toave plated provided Bin-
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stein with the entire basis for his formulating the gencral
theory.

Fiven piven (hese bases for conerlizme Newton's theory
thors FOuALY WIS Fotr G it nn i iUl B0 ai i UAGRE § G L o
gravitation. For, on peneral prounds, one could have arpoed
that the Newtontan thcory shonld be valid sofeng . the
velocity of a planet or o satellite is snualbi congo o to the
velocity of light. Fven Mercory, the planet closest 1o the
Suts, deseril corhit geouzd the Sun withvelocity which
iS GO 508 SMiaies siier i Gotty of h"l
any departires fromy the peedictions of the Newtonian
theory can be ¢stimated to be no more than 1 lew partsin
a billion. On this account, it would bave beew entirely sul-
fcient to pencralize 1
small denartures which may e from the tiniteness of the
velocity of light since we exsect the Newtontan theory to
be exact if the velocity of gl could be congicered as infi-
nitc. And that work!ive been the nermal way,

But Finstein Jud not sroceed in that way. e searched
for an exact thesy “hichy i e vatdid even if the viiog-
‘Hties of the gt iight.
Certainty, an exaci theaty, even i vne shontd suceesd in

Mormulating it couid rever ke confiroia serimental
or observation ! features which as §iave siated, must be
minute, by alf criern, g the seliar sysieqn; 0reover, whien
Finstein songht for g new Gicory.be fiad oo priot vonception
as to whit the natare tires may be that the new
theory would be ssked 10 aceonnt for, Put as was staied by
one of his early associates, Lancros, by o combination of
constructive ot hematica! thinking. philosephical imagi-
aation. and a noperting acihestic sense, Yinstein arrived at
his exact couations goveriing the theory of pravitation, a
theury in which the thres lundamental entities, space, time,

Loeordinoly

; ;
g hodies aavropched thal of

i e o

. and matter, were eaified,

A g ride Fypstein gancealh pefiiine! Foarmy any emp-
tional exchRInaiion marks in s, pubhsations ou ne over-
came his reticence in the concluding sentence of his first
ommunication in HMovember 1215 (o the Berlis Academy
in which he annoiineed the basic eyrations of st iury. oo
wrote:

"‘Scarcghj fpyveve v s ;"u?‘y '!","’ ";’9!"?”‘\5 ‘h?&

' theory eaz viips from s magics tig theory cer

sents a genuing triump,: of the methosd of the adso-
iute differcniial caleu'ns of Christoffzl, Ricel; and
Levi Civiia”

Weyl and Fddirston, who swrote thafirst sciious capo-
sitions or rela ivity, ressouded to Sinstein’s magic. Thus,
‘in the preface to his Snace, Tiwe, and Matter, published
in the spring ¢f 1518, VWevl wreie.

“It is as if & wall which separated us frem the truth
has collapsed. Wider expanses and greeter depths
are now exposed to (e searching eve of knowledge,
regions of v ich wve ad net even a presentiment. It
has brough! =5 muc neares to grasping the plan that
underlies al! ~hyeicsi nappening.”
Aand in BEddingioss e, Time, and Gravity, pub-

. clished in 1920, thalspening sentence reads;
“Ry’his theosy of relativity, Albert Einstein has pro-

Ly cenro.

4 ¥ Y ] = , i .
the Mowionian theory toalione for such

$ 25 3

voked a revolution of thought in physical science ™

Others of comprrable amnence, who have stndied pen-
eral relativity and made contributions 1o it have written
similarly  Fhus, Tandan and Litshitz in ther well knowst
book on Classical Theory of Fields in introducing the
general theory of refativity, state that it “res resents prob-
ahly the et beaatitad of <3 evisting physical theories.”
And Dirac has sid that Biastein’s pencrabization of the
special theory of relativity to include gravitation “is prob-
ably the preate seientific discovery that was ever
nrade

From these statements of the eminent men of scienee who
have studied the theory of celativity and mads important
cotiribudons to i, one mpht conclude that the gcmfml
theory of refativity 15 an aceepied theory and that only
cranks wonld doubs its validity. But that is nut the vase A
greal number of cininent men have cither given faint prade
or Have constiered Finstein's theory as just plainly incorreut,
et me guate some varying shades of opinion,

Born, who was an assistant of Fiustenn's in Berlin during
the very vetrs when Finstein was developing his general
theary of relativity, in 1955, on the oceasion of the SOth
anniversacy of Linstam's preat paper on special relativity,
stated: :

“Fhe forndation of pepcral rebativity appeared to me
then, and still does av the peeatest feat of human
thinking about Nature, the moat amazing combiag-
tion ol nhilosophical penctration, physical intuition,
and mathematical skitl But its connection with ¢x-
peience s slender, U appealed to e Jike a great
work of arl, to be enjoyed and admired from a dis-
Lo
But what are we o make of this sceming praise of general
relativity ? Fas it only o be admired fromea distance? Does
it not then require study and development Jike any other
branch of the physical scienees? And a cynie wight add that
the doscription of Einstein's work as o work of astis often
the cloak in which physicists disclaim the relevance of
general refativity to (he advance of physics. Here s 3. 8
Thomson:
“Pinstein has piven a sccond theory kr wi as ‘gener-
3! : el theory of gravita-
tion. Uhis involves much very abstrise mathematics.
and there is much of it 1 do not profess to under-
Cofp hme gwever, d profound admiration for
the masterly way i wiich he tas aitacked a problem
of transcendant difficulty.” v
And here is Rutherford
“The theory of relativity of Finstein, quite apart
from its validity, cannot but be regarded as a nag-
nilicent work of art.”

The description of general relativity as a work of arl
double edved. One senscs that in deseribing the theory in
this way, one is trying not to dissociate oneself from the
general acclaim that is accorded to Linstein. But the mattc
is not that simple. 1t is, in fact, the casc that the literature
.dealing with theorics aiternative to Finstein's are as nu- -
merous as the positive contrikaitions devoted to exploring
the content of the theory itself. It is not merely that cranks
and pseudoscientists have written tracts disputing Einstcin.
Several eminent men of scicrice, whom we all respect, have
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Ris0 cansiderau BiguiTin s ULS0TY B3 8NICiali e
. Joet miz list i nangs ol s (ha
“o togks ped tracts precnniing theories wh
ois alternatives to Cinstaia's theory, YWy
"% histinguished prilosphos and mathematician, | f, the
iy di‘z‘ﬁ;l:;f;f £ & St in Pliaas e ﬁiflﬁ?‘gil‘ﬁ'. -
it astrophyst s, sne Mugle oo Natikar, Douides severs!
3 earlier adhercnts of Cinstein's theory have now discerncd
. either flaws or grave crises: ¢.g., Rosen and Mdtier.
While § shail not give any zccount—! c2u'd 20t do
- 80 ficpamionately—1 will quote a fsw sentences from
.t Wigiehead, vhose many writings on science and philosophy
. matly of'ufRave adrmired.
“n 1923, Whitehead published 2 book entitled, The
" Prin®ip!: of Rzlativity, en al:srnative to Einstein’s theory.
Whitchead starts by quoting with o 3proval an aphorism of

Thomson: “1 Lave nocoubt whztever that our uitimate zim

must be to describe (i senaible s terms of the sersible.
After this quotation, V/hitehsad goss on to say, 1 do not
agres with Einstein’s way of handling his discovery,”
meaning that Einstein’s theory does not describe sensible
things in « sensible way, Hare e22 some oiisr quatations
from Whitehead which will give you a flavor of Lis rea-
soning:
*So many considerations are raiser’ that we are not
justified in accepting blindfolded tiie formulation of
princip!zs which guided Sinstein.”
: Pr, again:
“In the comrarative abszuce of applications, beauty,
genaiality, and ever Truth, will net save o coclrine
froi reglact in scientific thought . . . To erpect to
- rectgasize ©5.7 ideas on Tine, and Spoce, and Mea-
surement wibou! conis discussion, which must be
.. raniked as pi-ilosophical, is 1o neglect (e tezching of
* -himery and (ae inhereni pogeihilities of (hn srhiget

o eaime o RuddiOREeine D

Paaiia LGl W PG LIINE, 4S8 8
. Rismarnian r.anifold with a metric is invalid on philos-
Thical groinds, Wiitehiead goes on to develop a detailed

. sory of his own. But unfortunately for Whitc ouc 505
of the irplicaiions of his theory have been shown to be
blatantly conteary 15 sxpecience in severs! instances in

* which Bizateir’s theary succoeds admirably. Whitchead's
_philosofaice! acumen as not served him well in his criti-

: o B B G G
wesitsd @i £ BT

! said a little eaclier that | wes making an excertion of

Whif,ehc:é’s criticisms of Einstein, But I carnot desist
quoting thg macfgon 1o relativity of one of my personal
fﬂends,.t';: izte Milne. In developing his kinematical theory
of relativity, Yilne staied:
RS T o PO | 3 s . »
L E;;‘.&ah. 3 law of gravitation is by no means an inev-
itavic consequence of the conceptual basis given by
.::csﬂrf‘azn; pnenomera by means of a Riemannian
7 bgef? convinced of its necessity
/ity 15 like & gardan where flowers
! 7 Brov logether. The useless weeds are cut
o fl 208 LL3NE Towers and separated [ater.”
M)lgs BC-3 °n tusay, eferring to his con b gy Sln our
- garden we prow ohiy fowerg”
b L

Ry

Sl thiakthat iz
generak thaory o

_ from mary resps apsaramly brivd

e Am, L Phus, Vel 22,
%y

i LR
10 UNCISIN I Wit 20t 5. DUL GLE ITIAY ask.Whal was the
attitude of a s2vious physicisi (of the period say from 1925
to 1365) tn ganoa’ ~lativity? Born's remark, that the
= : Ditvedt experience is sfender,
22 teld Lhat at a dinner in honor
stheay, held at the Institute for Ad-
vanced Studv o 7 48, Tppenlizicier made remarks to the
eficet that geaerul relalivity had been singularly without
influencs in the development of physics during the period
1925-155¢ Indo>d, gencral relativity as a discipline in
phiysics wa iv iginorad or at any rate neglected beaignly
in most institutizns devoted to its study. Asan illustration ;-
of this fact | might refer to the circumstance that from 1936, ..
when | jeined the faciity of the University of Chicago, to
1961, t. couries in general relativity, not even for one pingle
quarter, were civen at the University. And the Univessity
of Chicago is not etypical. And [ am not sure how well the
princip. s of gencral relativity, 4s laid by Einstein, are ap-
precizicd by the common physicists of today. Where, then,
does Einsiein's farnz come (rom? e b

e

is repres

n

It will be presumptuous of me b suggest an answer of my
own 10 ti= question 1 bave just -aised. But | will give an
answer given by Ruthe:ford, duriig a conversation 45 years
ago, at which | was present.

The conversation took place i1 the Senior Combination
Room in Trinity College, alter dinner, during the Chrisimas
recess of 1223, During the Chrisimas recess, very few people
normelly dine in the Collepe. On this particular occasion
there were only five of us: Rutherford, Eddington, Amos
(at one time, during the 1920s, the Chitf Judicial Advisor
to the Egyptian government), DuVa (a distinguished
geometerY. and muent® 250 dinper, weall sut around a fire
and in {hic ensving conversation Rutherford was in great
form.

Al some nnist dur
Nuthicberd aicd said,

“1 do not see why Binstein is agcorded a greater pub-
lic accluiza than you. After al, you invented the nu-

- Ciwar model of the atom; and hat model provides the

bazis for all of physical scierce today and it is even
mete uaiversal in. its appliations than Newton’s
laws of pravitation. Whereas granted that Einstein’s
theory is right—1 cannot sy otherwise in the pres-
ence of Eddington here—Einstein’s predictions refer
to such minute departures 'om the Newlonian theo-
ry that | do not sce what af the fuss is about.”
Rutherford, in response, turned to Eddington said: “You
are responsible for Einstein’s fame.” And more seriously,
he continued:
“The war bad just e:ded; and the complacency of
the Victorian and Edwirdian times had been shat-
tered. Tlic people felt (at all their values and all
their ideals Yad lost their bearings. Now, suddenly,
4 thiat as gstronomical prediction by a
eTmar iisi Lad (een corfirmed by expeditions
czil and Weet Afrira and, indeed, prepared for
eiealy ©.0oag e war, by British astronomers. As-
tronomy had alvnys appealed to public imagination;
and an estio inmieai discovery, transeending worldly
strife, x4 respoisive cord. The meeting of the
i2tv, at which the resuits of the British ex- ,

1 the conversation, Amos turned to
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i %eql}lgns were reportd, was headlined in all the  story in Eddingion's own words:
i u:é‘;:u i’fit{::f;: 2ndtt’hc bfptwmmn of publicity crossed “In a supcrstitious age a natura! philosopher wishing -
B From that point on, the American press 1o perform an important experiment would consuff'
PESCRGs S Gl Saisieee . : AN wsivuged 10 aad i AN &USPICicY momen!

: 't.;.l‘-‘cguh:‘ sce from bddmgton's kaction that he agreed the triaI.Jivlith better r'casﬁnf anp‘:st:nomer e

’5:231 . ‘:L erford; aid he, in turn, w;g!‘fd some events of ?onsultbing the stars would announce that the most

= = ; : avorable ¢ vea ighing light is

Lel me go back a little to tell you about the circumsiances 29. The rcas:w? gs‘ ?Ifai(;thrt: r:\:nwi;'gi:‘; :%ull’g:ltj:uM‘,

'.\;:uch ggvefn;c‘m; thc gjh?n’nmg of Um‘ﬁr%ti.eh expzditions. . _round the ecliptic goes through ficlds of slam

=} ;aml., of t ¢ cicumstz ices from Edd nglon (in 1935) varying richness, but on May 29 it is in the midst of &

~ when | expressed to him fay admiration of his scientific guite cxceplional patch of bright stars—part of

. znsgbtlity in plz}j]fung the cxpcduions during “the darkest Hyades---by far the best starfield enccmmemlt?la Now

days of thewar.” To my surprise, Eddington isclaimeid any if this problem had been put forward at some other
credit on that account-—indeed, he said tha:, i,  to himself, ° period of history, it might have been necessary to
he would not have planned the expsditions singe he was fully wait some thousands of years for a total ecli o'fy the

.+ convinced of the truth of the gencral theory of relativity! sun to happen on the lucky date. But bysml"'e good

: f\;"d he told me how the expeditions came about. fortunc an eclipse did happen on May 29 Igls; :

-~ AN 1917, aftet mere thin two years of war, Erpland en- Attention was called to this rcmarkab‘!e oppon‘ tu-
acted conscnphon‘[or'a'!l gble-brdied men. Eddington, who nity by the Astronomy Royal (Sir Frank D )"".
was then 34, was digible lor drail, Buf as a devout Quaker, March 1917; and ptcp);ratizns were begun b a em':

= hn\vas a métdscwm!;us objector; ar:d il was generally known mittee of the Rayal Society and the gRoya' Astro-
and expected .}hal ¢ vouid clain: deferment from military nomical Society for making the observations.
service on that ground, Now the climate of opinion in En- Plans ‘Were begun in 1918 during the war, and It

-gland during the warsag very adverse with res :
= okl e ;| b 1' il Vit pect to s e
conscientious objectors:.was, in fact, 4 social disgrace to was ’céogcbtful until the cleventh hour whether there
be even associated with Us. And the stalwarts of Cam : wouT an{! possibility of the expeditions starting
i 105 days-— Nl e il ... Two cxpeditions w i ,
R.'L‘:f;ff,;%"ff&ﬁ“;c',t“{{i?f;f‘g‘f,"“’['}‘” f’fﬁf&‘”'f"'):i Sir Frank chson.n:ﬁc ﬁ:g?:ﬁigzgm: :\:%
.. bedisgraced by having one - rbd JNES Y poul _and the other to the Isle of Principe in West Africa,
¥ dtired consciontions Lbﬁ.:f's.%';"ﬁ)sﬂi‘:c‘}‘g:‘;b‘e: 3 Dr. A.C.D. Crommelin and Mr. C. Davidson went to
; : > ar. hel e bral: and: Ms. | : o w2is
= :a?“gmgz l’;"mf ?vEflcc to hae Ecdington deferred on \S:;nn'o ;?Swm > T c.fca!gt:ngham Ty e
= lhatgit was not ?n t:c k;ia S {fixmg;: “f’d sciertist and 14 was im ‘s'i‘hlc". to get anywork done by inst
= i 10hp-ringe insrests of Eritain to have S Impossite 10 B%) AN e
“ him serve in the army. [The cese of \oseley, +ho discov- mentmakers until after the armistice; and ds the ex-
-ered the concent of atenic nuriber sEEha e peditions had to sail in Fcbruary, there was a tre-
s actional Gallipali, Turces was v U‘.‘“"‘;‘f*“"‘f-" k‘,‘;‘f}i ”;.» ~ mendous rush of preparasion. The Brazil party had
" the British “sientists 2! that tise.) Loo “;'iéffl'é,{i?s perfect weather for the eclipse; through incidbntal
nearly succ.eded in finir i erpe R circumstances, their observations could not be re-
:e sl 1.l\‘ol \.‘iiw b eed 5o 13 “x AT it i uh] ’l’t" f“‘ 5’? 2?‘:6 Cn" lhc
ACT 1iunt WU VG Yo SeT0 Bddh L : y
and all he had to do vas to ,:ﬂ‘ His 1 :1, ,;ff'““f?gtg"' : provided the most conclusive coxfirmation. 1 was at
Eddington added a fos! zf}): o the s “gi“:?:ﬁ Principe. There the cclipse day came with rai and
- not Relag e LA cord-cover sk, whis 5 'ay al
- ,mﬁ:{:ﬁ;g{,jﬁfix‘\fﬂ %v:fy ';g;é'}ﬁo‘u'"f“m‘“‘"i’ jl‘!’“, N(cnr t(:tuiiey ufé s::s 's:g:;':’ t(::lﬁ;:?: z:tzlyy? 2 d we
_placed the Home Office, - Boe ;,: : ::gi?r,; ey& ' arried through the program hoping that the condl-
conscientious objecter "t 1 b ;m{ == C ’2 e ‘n 4ess 2 fions might rot be so bad as they seemed. The clouds
" and others were mruch erioved. Exddinnton cid rie that 1 ¢ frust have thinned before the end of {otzlity, because
- could not under- tand the, oyed. Eddinglon {eid me that Le-- anid many failures we oblained two plates showing
himself, many of his Qi lf'annfn )‘van:ﬂe;fand &3 he (;};;’r ossed \he desired-stat-images. These were compared with
o 'campg i’n northern Ene s Lol .;J.unﬂ !in?“s in bates ajready taken of the same sia. -feid at a time
. he same convictions ,‘ﬁ‘ge f;:h:grggﬁir K;: h«;:du;g when the sun was elsewhere, so that the difference
. hot join them, In anly enny, at Dys;m‘s iﬂle;x‘;bi{on‘f a:.tlhe isdicated the apparent displacement of the stars due
"a:;;momé;gf’yati.hkad clos2 coanections ;';ilh the Ad- gnt.he: bgndmg of the light-rays in passing A the
- miralty—Eddington s deferred wiih the express stipu- L : g
‘ }atm that if the war shuld have ended by 15, g he shoﬁld '/ As the broblem'q\en presented itself to us, there
- lead one of two expediting that were being planned for the  were three passibilities. There might be no deflection
.;:lr’;,‘:s ﬂ:fPOSC of VCf‘t'iVir:g Einstcin's prediction withre- ¢ all; that is to say, light might not !&c subject 1o
I to'the gravitation| deftection of ligh e _ gravitation. There might be a ‘hali-deflection,” sif~
S _ = = i ' g?ying that light was subject to graviiation, as New- .
jon hed suggested, and abcy!;d the simple Nevtoniaft ©
= »'iiga‘q.icr:ther'a might be a0ull Ceflection,) confirming ¥
S Mo Eddini = 4&‘ inst3in’s instead of Newton's law. i ‘remenber |
Sl Wai?yie.e%t', dinton clearly realized the importance - Dyson exphaining all this to my compsion Colting-
o ecti;ns;?gh ;ps;‘ein Shrediction with repard to the de- «.hm, who gathered the main that ths bigger the
"""iqln - dt e light frch the distant stars as it grazed thy ' egult, the morg exciting it would bs. ‘What willit °
* ¥ disc during an ecmes. It is best that ! cominu&l,&;@ .. 2*%inetn If we' get double the, deflettion?’ ‘Then,’ said
- B 2 . ’ S 4” : q‘ ':_ " SR =9 - ‘_, 'T-“ ‘ : %
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Dyson, “Eddington will go woad, el vou will have to “The mecting of Movember 6, !9*9 of ﬁv:lwdﬁuy

. come home “lone.” - also originated a myth that persists even today (though in

Arranueinents had been caide o measure the  a very much diluted version): “Only three persons in the
plates on the spui, 1ot cuteiy (WiL ik pust=asg, bul world wiacostan. rabivity.” L;}disxgwn explained thcpy- :

- - us @ precaution against mishayon the way home,so  igin of this myth during the Christmas-recess conversatiaf

- one of the.successful plates vas examined immedi-  with which | began this account. ‘

~ wtely, The quantity o be looied for was large as as- Thomson, as Presi® - of the Royal Society at that time,

" tronomical meastres go, so tiat one plate would vir-  coneluded the mecting with the statement: *| have to con-

tually decide the question, tiough, of course, confir-  fess-that no one has yet succeeded in stating in clear lan-

. .mation from others would ‘¢ sought. Threc days  guage what the theory of Einstein's really is.”" And Ed-

< after the eclipse, awthe last lies of the calculation'  dington recalled that as the meeting was dispersing, Ludwig

were reached, | knew that Eiwstein’s theory had  Silberstein (the author of one of the early books on rela-

~ stood the test and the new outlook of scientific. tivity) came up to him and said: “Professor Eddington, you

2t . thought must prevail. Cottingiam did not have toge  must be one of three persons in the world who understands
"." home alone.” . 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
ke derisy to think who the third person is!”
- 1t was some months before the two xpeditions returned The myth that general relativity is a difficult theoty to
1o England and the participants wer: mle to measure their understand has done immeasurable harm to the develop-,
plates and collate their results, Bat rinors of the successful ~— ment of the theory. The fact is that the theory of generil
gonlirmation of Einstein's predictio; reached Einstein in refativity is no more difficult than many other branches of
carly September 1919. And on Semember 22, 1919, the ~ Physics. General relativity, a1 the time if was founded, re-
Putch physicist, Lorentz, sent Eistein 2 telegram con- quired familiarity with a mathematical discipline which
firming the rumors to which Einste: replied (also by tele- physicists had not encountered before that time. But that
am), “ Heartfelt thanks to you and%dingtan. Greetings.” has also been the case with severil other branches of
instein’s own satisfaction with the stcome of the British . Physics, including quantum mechanics. :
expeditions is shown by the postcart dated Scptember 27, I cannot conclude this account, relating to the verification
|919) to his ailing mother in Switztland. It said: of Einstein’s prediction concerning the deflection of light
" “Dear Mother: Good news toay. H. A, Lorentz has DY @ gravitational field and how that was responsible for his
wired me that the British erpditions have actually becoming “a focus of widespread adoration,” without re-
proved the light deflection nar the Sun . 2 marking that the history might well have been very differ-
: There is a further anccdote refive to Eipstein’s reace €Mt
tion to the news frons England whiy | should like to recall. In 1911, Einstein had calculated, on the basis of his
Rosenthal-Schneider, « student of instein in 1919, recalls  Principle of equivalence, the deflection that light, grazing
}28' Einstein showed her the ctie o Bddington in- 80 0bject, such as the sun, will experience. The principle of
rming him of ¢ successful verizaton of his prediction,  eguivalence correctlyaccounts for the slowing of a clock in
And she asked him, what if thoe bt S faation 8 gravitational field: but it pives fof the deflection of light
pf his prediction? Einstein s respoie was: “Then should @My hall die vaive picuicted by general refativity. Roughly
ha.vc“bccn sorry for the dear Lon but the theory is cor-  Speaking, one might say that one-half of the predicted effect
5 e : is the result of the sl-ving down of the time-measuring
e : _ process; and that the . wer half is due to the spatial curva-
= ' ! : ture of space time. The latter effect is an essential aspect
G s i of general refativity.

111; Tm}cs of l,.yonc;a,m for Noverier 7, 1919, carried two The German astronomer, Freundlich, had planned to test
headlines: “The Glorious Dead, /rmistice Obsemvance, All - -Einstein's prediction of 1911 at an cclipse of the Sun which
Trains in the Country 0 Stop,” #d “Revolution ih Sciénce. occurred in Russia in 1914, But the war inlervened; and
Ncwtpnmn Ideas Overthrow:” The second of these Freundlich was unabie to make the observations he had

eadlings referred 1o the meertg of the Royat Society in  planned. As Hoffmann and Dukas have said; ‘

ndon on November 6 at whics Dvs :
fesalts o the Brtish cxpedl yson had reporicd on the “Suppose the war had not come and Finaly Freun-
" Whifchead's account of his il e Rovelsniat dlich had been able to observe the 1914 eclipse and
P%ﬁpﬂcﬂ been quoted. ! is worth vt n oncgy aRiehy had found a deflection of 1.7 seconds of arc at a time
'y | “The whole atmoshere of g onee again: | when Einstein was predicting a deflection of only
i ‘?j\at St Grccl; {;::'o_ l?fw interest was exactly 0.83 seconds of arc. Imagine how tame Einstein's
5 mcnting xr o ‘} '“? wre th«; chorus‘com* 1915 calculation of 1.7 seconds of arc wouid have
. Qévé!bpmcni o p‘ﬁt .f) df"“__‘f?" 13 disclosed in the seemed . . . He would have been belatedly changing
' matle quality in t:’ ‘l"ﬂlf ncicen., There was dra- ‘the value after the event, having first been shown to
Wictmniat o . i'r’ (h:fg fidsmgwt{w trgdﬂaonal have been wrong ... and the defiection of light
N o rcmincﬁ ”‘m:xtbgr;um: tf;l(f rpzc{ure(qu would have lost the tremendous impact that it had as
. f 3 that thy greatest of scientific a prediction.” :
..guneralizations wa. afie: i i P
‘ifies,v e rcce(i:?: :‘;‘: t‘i;;?,r;i;é.rmu{e than two centu- But the war had in fact intervened; and the predicied de~
” hér?onal S, ification. Nor was the  flection had been confirmed under circumstances described
- Ahought hatl ot lent 8 i greal adventure in . by Rutherford. And as Eddington wrote to Einstein in
. _}48_ ad at lenjiy coma sae 1o shore,” . December 1949: -+ - . : .
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*“All of England has been talking about your theory.
It has made a tremendous sensation . . . It is the best
possible thing that could have happened for scientif-
ic relations between England and Germany.”

- Are we to conclude then that the unique place i pl, i
which Einstein is accorded is an accident of circumstances?
{ do not think so. The testimony for his vrigueness comes
from those who, serious students of science themselves, arc
caught in the web of the magic of Einstein’s theory and feel,
as Weyl felt, that a wall ooscuring truth collapses whon we
explore the richness of his theory,
In saying this, | do no wish you to concluc.c that those
who marvel at the content of Einstein’s theory form a-cult
- of some sort. That would be t1s casc, if one’s admiration for
the theory was derived from a tistance, as Born h :
or as a “work of art” as Rutheriord and
stated. The simple fact is that Enstein’s theory is incredibly
rich in its content and presents gittering faces at every turn,
Let me be specific and Mustie e what | niean in a concrele
way. ‘ :

4
Freery
RIS

1am sure that all of you sre Familiar with the role black
holes have been publicized o'lay in current astronomica!
developments. Let me sa) at bince that | do no! assceiaie
myself with those who conider black holes as exotic abjects
_ predicted by general relzivity. Exolic means grotesque,
izarre: and there is nohing grotesque or bizarre about
black holes. =
We are all aware tat a sody projectes from thz carth,
for example, cannot &cape the carth’s gravitationat 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 fiek—as, indecd, we must—ihenitisa
matter of simnle aritec o Ptel fon cieims

Bravitational field mu be if a partic's, projected with a
velocity equal to that ¢ ligh, cannut escape. This calcu-
lation was, in fact, mac by Laplace as fon= . 4o as 1798,
. even though he had no »ason to suspect that light is af-
fected by gravity. :

We have scen that gh ocaing the Sun is deflzcted by

the minute aniount of {." ec of arc. But if the Sun, instead _
of its present radius of 0020 km should b2 compresce | -

toa sphere of radius 2% tm, taen at that radius, the gravi-
tational field would be strong encugh-to pre .+ zht from
escaping from the surace; ind we shou!d cease toseeit: it
wottld have become ¢ slack yole.

s
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The contraction of a star with a solar mass to a radius of
2'/,km does not require us to postulate physical conditions
with which we are not familiar. The mean density of matter
at that radius is no different than in ordinar: atomic nuclei.
The phvsizal condiis requived for the occurrence for
stetlar masses to become black holes are, therefore, entirely
within the realm of reason. The question is rather whether
suc’ phusicalcon ons can be realized in nature and in the
natural course of cvents. Lt me categorically state that very
simple and quite clementary considerations relating to the
last stages in the evolution of massive stars, i.c., stars with
misses exceeding say Tive solar masses, require the for-
mation (barring accidents in every case) of black holes. This
is a story which is fascinating in itself, but is not the story
I wish to tel! now. Rather | want to turn to what the general
theory of relativity has to say with regard to black holes. .

One might think, that if ali that is required for black holes
to occur arc sufficiently strong gravitational ficlds, the
black holes of diverse shapes, forms, and sizes should be
possible. For example, 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 densiiy, and temperature in the interior, whether it
is rotating or ned; 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: v of relativity, black holes belonging to one family and
of only one 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 all black [:oles that can occur in the astro-
nomical unive, se.

it is not ontv that Kerr's solution is unigue: there is an
explicit formui. which one can write for it. This is a startling
and an unexpected consequence of the general theory of
relativity. Besides, the geometry of the space-time around
a Kerr black hole has many remarkable features. For ex-
ample, in ierr geometry all the standard equations of -
mathematical physics can be solved exactly; «nd we are also
fed tomaihn - T Lind orz had never sus-
pected.

| do not know to what cxtent the foregoing remarks ap-
Ben o _ noint | wish to make is that
the pencrad thcoy of relaiivicy s ineredibly vich in its con-
tent; and as ! said, one finds a glittering face at almost every
turn. Einsicin was certainty corcect in his prediction of 1915
thzt “anvone who fuliy taderstands the theory” cannit
escape {rom its magic. 17 some remote and presently un-
forescen development requires a modification of Einstein's.
theory viiii.o is oivn well defined framework of validity,
then we shouid indeed have reason to “be sorry for the dear
Lord.”

P Snat o At
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Coherence, abstraction,
and personal involvement:
M bert Einstein,
physicist and humanist

Yoval Neleman

After reviewing Binstein'!s main contrihutions to physics
in the lisht of present-day results, the author analyses
the need for and the importance of a coher=nt odsr of
theory, and cases in which this body may not be attainable.
The role of invarianze principles is revi ewel, as well

as the method of abstraction. Finally, the suthor touches
upon Einstein's involvement in non-scientific issues-
pacifism, the anti-Nazi struggle, nuclear disarmammt,

and Zionism.,

Stature ot the man

I can't help but feel deeply moved whenever I lodk at
Herllock's cartoon in The Washington Post published on a
certain day of Mpril, 1955, The cartoon-is a wide-anels
view of the universe, showing scores of planets floatin:
trs One of these 1s special, carrying a sign which reads,
' Al bert Zinstein lived here!'e.

In the procession of minds which have led 1@ shzped
the progress of mankind since the beginning of recordegd
history, flbert Einstein does stand out uniquely.. .Herblock
Nas replated the earth's family album of two tundred :
historical, generstions, and only one EREinstein,; by a con=
gruent seft of two hundred Einsteinless planets 1ess one.
This poetlic abstraction manages tO convey a moving message

5 +1h +atarant

More subtle and more powerful than a direct state:

=

e
£

( Such mschanisms are heing studies in the modern theory of
:Einguisti ga¢l In my viow; the bmoader a1d deeper Inpacth 1
e to %he abgtracted mesSaze!s capabllity of .evoking an
atndan ' and resonsnt set of thouzht associationss In what
will foligw, we shgll be gb e to sgsess and juxtapose U o
fores of atStraction in the scientific context.

Zt is wopthwhile providing the non-physicist reader with
SOme indication of the man's gchievenents in physics, justi-
f7ing Herblock's cartoor-poem. Indeed, whatever Tinstein's
lmget on the non-physics world, be it paci fismj, = Aloiham,

T]’.

NUCear preparedness or nuclear disarmament, all wo 1d-im-
DPOTiant as they may be, his special place in history is
Qe gplely to his physics. The rest constituted on impor-
sant part of this personality—that of an involved sciaitist-
1T 135 effectiveness was due first and forerost to his
Stalule as 5 physicist. This is also true of his other
%9llectual pursults, intluding philosophy and music.
In Ye case of philosophy, it iS true even thouy . that
dlscipline's specific historicgl role as an ersatz-sclence
Sulfsred major collapse at his touch(in the matter of the
once tion of time ancd of s, noe~time) similar to theot of the
Ctiron after its collision with Copernicus and Gilileo. The
Curcn later wisely retreated into the domain of ethics,
Where 1% may b® safe for a while as a source of doctrines
(o% Course, 1t has to be attentive to Seientific and teclno-
1logl cal ¢evelopments=hirth control, biologicel enginecring,
efesw an€ try hard to find the best ethical answers; other—
WiSe 1t will loss ethics to some more efficient Immanism).
L.",lf ®#ise, pos t~Rinsteli: i:n philosophy has abandonec meta-
Physics and the direct w _ighing of natural concepts

i . s LIS S 9 .
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in epistemology =nd the study of the scientific method.
In tnis field. i¢ is doing well and has enriched our
understanding. As to the rest of philosophyy lozic has
bean reshaped after Cantor as a branch of mathematics.
In the 135t century, politics has been 1‘enlac'=d by the
socigl scienczs. Aesthetics and ethics are still there,
an Ehe '*eg: oil1 where the scientifie¢ method has not yek

e

ot
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Brows tivl and rel gbivity

Had Fl..Gc'nn’® contributions to physics been less
outstanding ... «.sir originality, depth and overall im-
portance, they vould still hgve put him in the first
ov, considerir> thelr number and versatility. They
straddle most .coics and fields which were being deal v
with up to the “£3s. In themodynamicsy; he co=invented
the modern statisticgl mechanics approach, independently
and simul taneovely with We Gibbses: In cusnfim theory,
he elaborated on P2 gnckl's ides of the quintum of action,
and relsgunched the corpuscular theory of 1izht in vvhat later
became its dua. particle-wave nature, In this programne,
he concei ved 1cs .t'x:lcil.—p article statistics (simul taneously
with S.N. BoSe. bult independently) and explained the photo=-
electric ofTec: (which we deactivate and reactivate every
time we cub the beam 5% the entpance 1o a bark or s 1i:%),
These are just 2oz examples of his less epach-makzing
Worlk, Recently. T Wos talking B8 2 proféessor of material
Science aghout - modern !'composite materials! which have
become very iriportant in aeronautics, for instance. It
Bams out th e formalism utilized in the study of
these rﬂate“ r‘u? : bas ¢ cd on the young Einstein's {irst paper,
on Browvnian mo? (in both cases one is dealing with cores
%‘)f meahotiagl ) dﬂ ed in a bac:ground matrix of material
B) .

Finstein's most important contributions cane under

1:; headings of the special and general theories of relativity.
We shall discu.s tlle epistemolozicagl and metophysical lessons
from these priiciples in deball in what will Ffollow, it
wh;,.-,t is relevqat to Einstein's personal achievement 1s the
fact that both desit with the fundsmental propertices of

space and time, ond modified then completely. As to the .
role 6F Binsteln, b has 'exi sald Bhat Speciol relgbivity
would have hec. uUiscovered within a year by elther Lorentz

or Poincarn, i ;‘.instein had not done its The subject was
on the nizhest priority 1ist of the sScientific frontlor,;
there was a negative experimental result to be explained (th:
fallure of Michelson and Mo r]eey in their att bcmp b to measure
the ether's drift velocity); G.F. Fitzgerald and Lorentz

had slresdy ca culated the "Ibparent! contraction of

lengths in a moving coordinste franes and Poincsre was

awvare of the mathematical group=structure required from such
transfoermations. " The difficulby 1oy in the missing Uime-
dilgtions, whici wers the hardest conceptual% & Sinstein
Supplied them, together with a chaize in the iiterpretation
of e enbire set O0Ff transferm-tioss BRatler tha Lhink of
artificial 'spparent! or 'efiective! changes in matter,

due to intemesl collgpse forces, he realiZed that these
were just cuc specific pronertles of space-time, the
"eometrlcal manifeld in which we exist, the geomotmc;al
“onifold in which we exist, Instead of g fuclidedn or Galilean
Stmialn theo meplfold pl"es erves the Velocity gL d1zht
(pmlosopnow could never have guessed at this preferred
mde of B o -oi v of FlabE o6 araiual L) F 87 S0 and,

Tor instance). Einstein's former teech@r Hs hj_nbows’—l sool




gave the system its fornal gecmet

Werything stems from

light be the same or

veloci ti es with respoc'c _ hel >
COIltI‘lO”tO 1 (he was twenty-six in that ¥ead 'ThJ. ch he
launched a series of fiwe iel I the highest-impact
model) was. tus most imparlohe. byt 16 ks miishsihl e G0
assumes tha-t SRLoE B e

others.

An intelleectuizl

The Storr of Hinsteints theory of gre vLmuLoﬂ( the general
NNy ar pal e b WLy 18 Veryodl (forent e worked on it
for ten rears, and published ;' i He ‘wao got some
partial SrSWers: Several years

He had Gteein helped by Marcel G uw“ﬂa; 1, a for ’qer Lellow
student and now & mathematici U,n, and by David Hil bert oLw
of the greaoesu mathamaticians off this centurys -.)tll%

Wwas EBinssein himself who was obstin t;Ly pursuing the -oal
gnd allone his theory sheb By Steny Iq the oawome,

Bl he finest scilievelient ever
prodices &7 o 501 S den e that the uree fo resolve
the m"oblcn G a&ap tll\ ) onts erovitotion and mechanics
to the recuirem mw £ ogpeni ol pey obi vl fy S gn Gl dely
intelloe ol yireudd,  The o 185 1E pressing "ocrlﬂb_lb to
be oxplaineg The tonlec sovnated 0 most jentis s as 00
far-fetaied ' -

o

theory

..,
L
@i )

e )

o
=

&

>

‘f‘ D 1

e el s e Hes intuitive
u.zlde::*u,g_ he ey Liecay ¢ L e 'Maeh's
Drine ﬁlu.’ . c 0bs tantiataa philosophical 1y
ppealiag view, p 7 : o o 5e® hefore welativity,

ll’l which tha inertisl forces &hous

fron o ""‘"ﬁiti}(l@ﬂ&l ibhGeiee iiom Wi oh

Of the Lol ’e; s W 0 chio_o b

Lifty 2eers 5t least mieh g p’z;,s o

of gz ra* rel gtivi ty=had Einst i

might ¢Ven Never nave beell dolic

Tresemile scme of our current

galions rel oidvity as the ¢ model)

‘A

From 7]l qtivity to cosmology

Consiier that w: have nowadays :
Wbl tlens evge.sinee 1925 bg;,\r\, . gravitabion 1S vlf and
Quan sy mechanics. We ’mve HeE Soilved he labter prolilen
1n & lvwr—four years, with very mamy pesilc/OICIng on 5=
althonn We may be Very close nuw, belleve fthat bridsing
the »Ea: between N'ewtonign physics »ic =hoe Low kine‘“ - 7"1 cs of
Shec s ralabividy (whicli Were clLeyed hy the e agnetic
theo s of Fyraday and Maxrell) was a comparable fask, “and
1t wa: done glUOSb single-handedl; Wit “Sen years. More—
OVer % theory has withstood evary experimental test in the
last sizty—thr ee yeﬂfs. Tt hos staoved Unmodi fied while
eVervsnirns dlse hos lﬁad toolbe eha f._fj;f‘ﬁ G o mlmle tede Tn=
grinslicy S has a freiendous aes thetic appe beyond
Harames o fhe T8 Mohal g 0 fe e “,‘”“”‘“(391 “Wm; 101tv
togetler with an UVDI“TDeLﬂllJ pover. Une Very rarely comes
aCross the words ‘aestu oy M:xu uv. oLc., in thELOO“SOl
theoresicg physiz- e e oy ek Bhie feilinies




I express here must have been felt by ET"S_l;‘, if hot 411,

physicists-as witnessed by this line in 2 flamous and

excellent textbook by L.D. Landau and 3,_-»1. Lifshitz (other-

Wwise written 1n an extremely dry and unpersonzliZz-é style):
‘o

The theory of graovitational fields. ~onstructed on the basis
of the Theory oi relativity, is ¢ lied the general theowy
of "f’l'{u—.LVlt‘r B es ta bl CQ s mnst eln (—3\,11’1 fll_lal:-y
tomulabed By Hinanm 196 b 21ts probably the
most beagutiful (my erphasis) of isting physical
theories., It is rﬂ”ﬂﬁ«,'”‘- able th:t it was developed by -ing-
tf«lf] in a2 purely deductiv: ner and only later was
Substantiated by dstro“o mical observations.

After general relativity, Binstein invented cosmolo~y in
1917, This is a field which has been vary lively ia the
last 017 en 5o ears, thaonks to new obs ervﬂ,ioni A e N
IAn altf*rr. tive aoo:o sch 50 cosmology, modi fying Zinstein's
theory, was su:gested by a British group in 794c. Thoi'lgh__
1t becaoms very ponulwr ab tlf»r time, the 'steady-state
theory!., =5 1t was cs 211ed, has not bes=n vindicated by ob=

serv: wlO 1S, and minstein!s equations for cosmolozv s+ill
hold.

Eirstein's last twenty yvears w
attenpt %o unify electromagnetism wit
Leid nak C,C'll eve that aim, ut 3ii¢ce
sthell 8 tnt P ijth"l haVve improved, and -
resul ts S'ows he was on the ;1;,1’1": tracky =nticipating
features ¢f work in progress.

The coherence of

have Smis sser that Binst inls = prtect contidbution
Cons.sszd ln The construction of g more ganerzl and more
Mndemensy theory, r@moving the _ncomo tibility bebtween
Ne Ttonlcur lecharioas, ¢ o0 a on i1 gr rj;mﬂftlca i 'h no
preferre;i velocity (v_,, f o1 :
jinsta11 .an

thens e v nga
‘Lel 85
tnetlc T

st developments in theoreticak physics deal with
the removel of an incomp ati hilit &y, but on 3. di Sferont
Scales tenerally, one has a theory and comes across
a ew o’mervﬂblon hlch gppears not-to fit. Ter
ObServation itself rosults from an attempbto
CﬂeOI‘Jy :n the S’)J.:lt - ned py Yarl Pooner
The resu ts 15 gene m—xlly a moci fieation of
a Weadtenng of one of its postulates. A,
15 alloved ., Tn sons c:g_s.;s {slien 55 th
TevelSg asymmetry at the fund mental J.evel in
‘ rtire the introduc tion of ani entirely new S
For ths Jichelson~ ofley negative result, 1t even requiz
a fundament 51 change in bur conception of Space-time.
in the 155¢ of zenersl I‘J.jl Llvity, the problen was of

810 thenr B ognd ta ta- to rfemove the basic in compatibili bj between

two full -f7 ed ed gnd Well-grown theoriesis, This is why

the angwer nad to reach that deep. That an answer could

be fotnd is in itself an extremdhy important eistemoloziesl
clude.

The ‘ghlfi te ¢l enti fiv L‘O” “mime 1S @388 O This
BUgceesdl - & b e condepe S

>




the physical world should obey a mathematical description,”
even if we believe in the strength of logic and know that
mathematics 1s its most direct realization. The 1orl
coutd still be inextrically complicabed and seli=int:

ing, and there would then be no way of guaranteeingz
eXistence of g coherent and complete mathematicil
describing it, bssed upon mwan observations, Indeed
gap between disciplines is gemerally to be found
regionse.

For example, we now have in 5. Schrodinger
tion (1928) of Quantum mechanics an eguation capal
principle of describing correctly any atom (even u
with 239 protons and neutrons and ninetytwo orbiti:
trons) of molecule (even DiiA with " atoms) .
Thwus the whole of chenistry and phrhaps biochemistry are
contained in this one equation. However, the actugl calcula-
tions become unmanageable beyond two or three el:ctions or
nucleons (protons and neutrons). We hove to rest satisfied
with the knowledze thot the problem is not one of principle
but of practicgl computation. and chemistry continues to
eVolve at 1ts own composite-structure level. I:deed, G.
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 which nay
resolve those difficul tiese

L
Soa

Gaps and more gaps

_Concelvably, unbridzeable gaps mizht exist between vari
theories degling with diffent elements or aspects at U
lundsmental level. FEinstein's gchievement encourages U

i

)
think that this is not So, and that if we explore des ]
enough, we might well achieve a coherent structure. el

are Ncwadays severgl siech gaps which sech to us like re
abysses, and it is good to know that one should persevere
and not rest satisfied with disconnected theories.

Such a gap existed betireen quantum mechenics oné
special rel adivity, It was sffecctively bridgod in 1948,
after twenty years of hard labours. But though this was
dqne by some of the greatest physicists of tha.t period-
Dirac, Pauli, Weisskopf, Feynman, Schwinger, Tomonaga,
Dyson, to cite just a few names-it was left without the
Einsteinign !polish!y To this day, the theory laocks a
proper mathematical foupdation. It is operationaslly wonder-
ful, yielding the most precise results in any science; yet
evVery such calcul stion involves g .caicell ation of infini ties
on oth sides of an equation, i.e. a mathematically unsound
Operations gurely, the theory deserves a better foundation,
which probstly would still yield the samne operational results.
The search has beeh on since 1948, and more inteascly since
the mid-1950s, but the end is still not in sizht.

Mnother such gap exists between gravitation and the
other interactions (or forces) in nature: el ectfomagnetism,

the Ferml (short-range) weak interactions (such as radioactive
beta decay) and the strong interactions (also short rangsd,
Tesponsible for the glueing together of nuclepns in the
Nuclensy, This is related to Einstein's last and unfinished
programme, We have recently witnessed (1960-73) what may
Possihly be the ad hoc operationsl merger of we: and electro-
Magnetic intersctions into a coherent 'electrowea:! interaction.
The widence in 1979 is highly favourable, but the cfucial

test will be available around 1982, Again this 15 at

present a very ad hoc wedding, with none of the aesthetic

~ = ey

impact of Einsteoin! s Sor LS shieeses st




of us to renew the search for the other nissin: ions
between intergctions. In particular, many of 1
ing a possibly new link between gravity and f;
whi ch may at the same time resolve the inconp
general relativity and quantum mechganicse. m_p 2)
called supergravity, has intrinsic beguty, but it
vet led to the correct operstional weddinz, so to
~the search goes on.

i

Invariance principles
nd geotletrization

Olle tool which was used by Einstein in both special and
general relativity is the gpplication of invariance prin-
clples, 3, Whittater has named then *postulates of impotencet,
though they are hizhly potent in thelr results. !'It is
impossible to picx a preferred fraune of refereice in space-
time' is the wording of the Einstein invariance postulates,
first for Yinertial fromes! only (special relavi tity), then
'non-inertial' (i.e. accealerated) frames for general

rel afivi tys The l.LSt resul ted in inematical restrictions
vhich are eXpress by ten conservation laws ( energy-morien—
tum and generaliz od angul ar monentum), Incdeed, 2 theorem proved
by E. met Jar, a female student of Hilbert and later his
Colleague (thouzh the Gottingen faculty refused to grant her
a orofe~ro~sh:1.p, finally “bmg the agrgument that there was »
omil v 2 manis rog‘ﬂ in }"a Senate ]"111_]_011" Stiltes that ior
evary ll'lVDI‘ljuce (op syrmetbry) thare Wlll he a conservation
law aid vice-versa,

The negative content of the postulate of impotence
1s in fact the bold step of zenerslization taten by the new
theory. 1o achieve coherence one has to look for a mors
gellopal fOUl’lCLathﬂ. Lece o Stliplicityy Simplicity 15 then
achleved by this indistinguishability, One frame of referenc
is as 200d as another: here is the S:mplicit" HOW@V@I’g
for Ghe | aws of nature to ohey such sweeping g ralizations
tremendoys sophistication 18y ‘be needed in the amics. IU
general re¢lg GlVltJ—aL’ld in oll Glemore Poucn cti“eOLl
inspired by it—this is 1hdeoed the S1Ration. ALe S“”*OH-
ger, locg invarisnce principles-locasl in the ‘

Mgy even change our preferred frames of reference at dirl:
pOln'GS 1L space-time, sny such local 1n.Vwrlen postulatc
then rejuires the existence at eve.y point of a new !'fi
which Omensates for snd cancels completely the che

We arepmdueing in grbitrarily applying our freedom

at each point. - Sich is the role of the gravi tgtional
and a simil or part is played by bh@ el ectron Agnetlc fiel
OT perhaps Sle olnc.‘r:rOWQa", combining electroma

Jea’r ln%eractions. We eXperience these forces

the justificstion for their presence, and |

of thelr full action, required this identifics

role ad $uarca ans and preservers of simplicity

Lelbnl Wlan relativity (or indistinguishability)

locally in spacetime.
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The other ey feature introduced by ins
geometrization, In his theory of gravitation, ﬁ
physics ¢muld be represented as motlon“ in curved space
The curvgsure is another embodiment of the same stresse
co*meﬁsau ~ng forces mentioned in the previous paragr:
Inde"a, wg have recently learned that such a picture
bac! —ol“bung of all our new gauge theories. Einstein had
up this ldes of a seometrized theory ond. for _sSolie sixty
1t booked as if only gravitation would be aifected-with
other forses moving in dif erent direc tions . Suddeﬂl%
light on the scene has h Al 2 ec semS GG e e ol ]
heading for geometrr. .
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Abstrgction

A phy51c1s;‘s mind undergoes a constant strugzle beliween
(2) the wish to remgin close to the perceptions and obser=-
vations and {(b) the need to lookx for abstract fo ~::ulatlon,

5 nersl i Zation, - 1f one had to provide one

required by S :
theory for each opservatior onec could stay at that levels

For a theory % enconpass the 1argest “OOS“‘ble sceb 0L @b~
SeI‘V;_thl‘lS T ’1?}“ to abandon the ~cm91 observables anc move
to a xdeeper and more abstract levels Aistotle was trying
to .qVOid abstraction in his physics, and studied motions
whi ch were gll taren from daily experience and therely
entalled forces of Fricltion, Ip such amilieuw, force 18
proportional to the 'finol'! velocity, as was cfwlcula_tr.d in
the fipst RHalf of the 1ast century by G.G. Stolkes. Aristofle
thus postulated such s law~which was superficially simple but
described a non-simple sitBiation. This lar of force-velocity
proportionality could not be generallZed, and obstructed progres

Newton imggii LUl tasb-bod is 1aws J0 thHiS
simple lunnatural'! bae-grou 4 i icture~and Newton's
formgl=- abstraction wo--. Force 1s pro ongl to acceleration!
ism 1s o generalizobie ~tnent and does not involve oiie narti=
fitted el gy foree (friction in lstotle caSe) . Hinstein followed
this/ the same patii-ona started fron et plclure of
a generaliZed mani fold Hi Nev e The alms he
had set, ineudin: Mach!s prineipley buf 1os abstrach structure
riade it capable 'wf 0lng avm Beyond that inages Jl_asteln's
theory handles sit tlo 15 (suech a5 Godel's 'uniVei ey, a
Wi verse in i ch time 1S "‘Vcll c) which go beyond Hinstein's
intultive Zos. 5 ( 10« 2 non-tMachi n universes). Iideed,
Binsteln himso f st-rted this teiine o Has thaory 35 a
thieory of the ni ver . i beyond its 18 as a
thea Ty OF E,rav;tatlon. :

s . > Jlulp, the ercative sBientist
sometimes has to e ,msel_L— nd us=from Some nreconceived
notion, whether based on sense nerceptions or on conditioning
and prejudice. It has happened many times—e«Zs accepling
Shat e worli is round (3:1 anclent Gred: discovery, forgotten

in mediageval Simes until i1t was re-established in the AZe of
Diswgovery) . Copernicus and Golileo had to strug:-le hard to
Pepl ace the earth by the sun at the centel of the s vstem of
planets. Dorwin 1ad to fight prejudice when he announced
the common gncenstry of men =znd agpesS. Ell‘stp,in'" i
shock gcdon was his dethronanent of Chronos, 111 wtable time.
Io this very day you will find some partisans of !common
sense! time who still hsve not absorbed hhe message, after
§ muge Ji:iount of direct observationgl evidence. Rerler b Ty
indeed , that al though the good theory regui ":ﬁs abstraction
1t also has to be exp erimentarlly tostable, !falsiCiable! in
Popper’s wordse oL theory which ¢sn never be tested i3 devoid

of any seicntific valu Ensteint's gravita: cio: ol oEV

general relativity was ac cepted orily afbter it b0 possed
=

Several such testgithe deflection of 1ioht sthen passing near
the sum, the sdvaonce of the perihelion i Mercury, etc.

Does fhe sclientific abstrpetion have suythings o do
with the artistic one we mention 4 33u°ll@:” It may recuire
simil ar imaginative capabilities, althou:h Lus motivation and
effects are very different. Somehow, the one r~asonates
in the subwnscious whereas the other is Ges wd by precise
computaulon. However, that aesthetic quality of the great
theories afiects us in the subconscious, ’o@o. Traditionally,
the Selentic € resisies in his voPy Lowers ndoubtedly a
certain diSconnection is essentigl atb the conc pbual stage,s
mathematician, the hsoretical physicist and perhaps many
others eatild nat "1””‘“ e B the
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the: action and worries of ore's surroundings. In many
cases, the process 18 irreversible.,  However, both the
decision to leave the ivory tower and that of: returning
to it are the individuzl scientist!'s’persongl probleu.

With Einstein, the s bl nd worry about
his fellow Hen were St’:ronT iorls arhi ed him ouv
af i s rsenal - tower afte “L {2~ The puthrest ofithe

R st Norld ,Jur Caus 2d nlm to ledd nam ] energic

to paclilsne  Iie could See no sens- i hat wazl whicn Was
fought mostly Lor 'honour! or bec:sise ¢ the assassination
of an archdukte. From Berlin itself, he joined Georg Nic=-
olal in s manifest to the 'Ruropeans', traiscend ]
nagtionsli sms.

Around 1920, he involved himself in Zionism. I
hgll discuss this aspect in more detall, having been ‘pare
Senslly interected in it Tor oliOUS reasons. To corx
back to pacifism, the outhreak of the §Second VWorld '
brouzht a diff or’ex' ‘esponse. Nazd Germany *..ms oUT
16 waos extending domination over the whole of Huroj
and brifigine G \m"e prejudice and persecution, m
raciake IT wos ry free man's duty to help stop I
(we hoped) bfeak S pov@e“ At the suggestion of
and vllgner he Sélt hig-fsmoug letter-to Aoosevelt
influenced the decision to start the Americap nuclea
jects . There.is no douht-that helwas rizht iff L
the fate of the world in Cwoe the Wazis should
with thelir own atomic enersy programmes. Hitler
intui tion about the queIOpmepL of Wwaaponsy 't
where one new Wegpon could win the war. (I sh
remenber the speeches in which he mentioned G
wesponts o IE firned Otzt thst he erred in uDG cholice,
putting all his weight behind rockets 1notra ]
e PO S
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ifter the fall of Nazi Germsny, Einstein's
of hungn responsibility made him an i:aitﬁ,at_or of :
ment, an aim which led him to the Russell- E

LE fsiinvissratine & see how he could be mo "“ﬂ ,
same time pragmatic. He was not a starry-eyed I
desling with an unfamiliar world. He unders:

and resEsessed e situotion 6 each S tage,

talzing one dogmatic stand throusghoute.

Einstein and the political 1life

He could be cour ageous and daring in hid decislons, as
exempllified by his &$tand agalinst JOS’@ph McCarthy . Ther
was a Lime when Hinstein'!s was one ot the relatively 1

dissmtJ_ng voices to be heared in the United Statese.

3N
b

’ We now come to Zionism. Einsteln espous ed this
cause between 1914 and 1919, coming to the conclusion

that the crestion of the Jewsih State in P2lestine was .2
deed the only way of saviag his fellow gews. To be sure,
the I,eague of Nations usndste to Great Britain, with T
expl_.,c1t gim of uza_’.lﬂ’“ Palestine the Jewsih

made nim Very heppy. 'What pleases me thie mo s

realizinz of the Jewsih State in Palestine!

Ehrenfeste His forst visit to Mmerica, in ot a 2
Zionist emissary, together with Chalm WeiZmanns the future
first president of Israele. Hinstein!s role ‘: 58 o colliecat
the pecple and the means for the creation of i Lebrew
Universlity in Jerusalen. He was later the first chalrman
of 1.8 ward of triStecSe

a0 oo e D
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genorol Zioni effort y writing a la'r"m hunber of arti-
cles adil’% Beyond physicgl s ;Lvﬁuoa for the perse=
Cute”i finslly come too late for si: million Jews
of ] s~stern Burope), he was consid-rin
il Thie J.aw tiie DlaSOD ’“,3 ‘T-om o
11 gf praservatioa
s loo-
growth of .
of ion=J ew
as fhe main m in my joining
(from a speech mac“w in the Uni t"sd Kingdon in
turmm from the BE.cn Erip)e eakps LT hove
an: myed v the undlgm 1ed ’JoSlT”lloL,lOll;jf cra
vin whisch I have observed in so Hany of n
the S“ne Speach) o

Wa

v

h 1923, EBinstein visited Pglestine, He Kept a

deiry whica reflects his giotions. In Jemsalen he gave a
lecture snd 12id the cornerstone of th fu tlie Bniv -rsity. He
was asked R Stay and settle in Jerusal a0 nobed in e
deiry 'the heart says yes, but the min ys no'. Rutros-
pectlvel“ L am not sure he made the rigzl lecision =2t that
UOlntc :‘"1’3’ Pal es tine Wa i i

as far 4s the sciences w

gfatlol’l—p@""go by J[‘p 19
development =@ still en

S
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The temptations of leadarship

In Tel AViv he was taken by the local enthisiasn
fOum Gomm 4ionists who Were layirg
e enjoyed this f‘XpGI’L”*lC@
qoum he ITat-r OLbGl'l WoRdereg i
the land would not inhibit the
eveloped in the Digspora.

tﬂa 1930s ﬂﬂd vpﬁqo .u,e WS mesi s
also interested in the oolluc 21l dev ‘.]OQ“e ts
in = spe eh in Los Angeles th t !the m.ori
2iVe us an actugl 0p] vo:“umty Lo plic 1aC0

Chl"ou gh tyviable solution of the Dewish=Arab prohl

‘0111@01-5 ‘of tolerance and justice th t

o our P7 ¥phets', Often he pressed for C

was no rsponse from the other side s Widcl

as gn ln, BSHEOTre 1 the onslaus: chEsoof Toge

hation \-"c Invasion of 1943, he stood
lute neey Ssity of defesting agzression.

L1950, upon Weizmann's deatn, it wegs only n
Bins teln 1ould be as-el to succeed hin as:pr esup
He ha¢ 1fideeq become g symbol fto all Jews and Tsraelis,
He cc Jlﬁeo bl
fpfrlf“ Ofer-invol vement, and wrote: 'T = the more di
OV@I: Wese clreums Sances becsise my rela ’Cﬂ onship to
DeOD. 2 Na¢ become my strongest human bond. every si
Came Aarg of our precsrious situstion amons the 1
the wopgqt,

Iying temenality and & central lin:. £
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The excellence of Einstein!s theory of gravitation

P,A.M. Dirac

Binstein gave us a new theory of gravitation conne L

g s g

the curwature of space,. He.started a new li.e of activity
for physicists. He set them working with non-miclidean space.
The particul4r kind of space that Einstein i 3C. Was
Riemann space, a sSpace that en be enhedded in & £l Space
of a larg=r number of dimensions.

Under the stimulus of Einsteln various

ed introdueing other kinds of space into nhys:
wEEheU L any Tel diccesc, 90 s oes 18 ioam
Space inhtroduess: by Hanstein 18 4

Einstein's theory of relativity remained unknown,
except to a few specialists, until the end 1918, when
the First World War eanme to an end, 1t thol came in wvith &
terrific impacte It present the world with a nev style of
thinking, g new philosophy.

e ghe

It came at z time when eVeryone was “ick of the war,
those who had wor g5 well g5 those who had lost., People
Newe Re= wanted something/and was selzed upon by the generazl public
lativity and became the central topic of conversation. It zllowe
provided people o forget for g time ths horrors of the w.r they had
Just what come through.
was Wanted/
Innumeragble grticles about relativity were written
in newspgpers, maggzines and everywhere., Never before or
since hgs g scientific idea aroused so much and =u -h wide-

spread interest,. Most of what was said or wiitten referred
to. zeneral phileoscphical ideas and did mot' Wave th: nrecision
TegUlired for gerlous sclenbific diseuscsian,, Yery little
precise informsfion was available.: Bet stiil

happy Just to expound their views.

I was an engineering student at Bristol
the Gine, =2pd of Couvse the stidonis look Up . il sibject and
discussed it extensively amon: themselves. But the students
as Well g5 the professors did not heve pirecise inormction
about it gid knew nothing of the underlyin: nathenatics. We
could only telk about the philosophical implic.tions and accept
the vniversal belief that it was a good theory.

Three egrly ways to test the theory

In greal Britaln we haé one man, Arthar . Eddington, who
really understood relativity snd becs e the lLeader and the
authority on the subjecte He was Very much concerned with
he gstronomical consequences of the theory and the possibi-
lities of checking it by observations. There were three
possibilities for testing the theory, which &veryone soon
becgme fgnilisr with from the publicity given by Eddington,

Test fmumber one involved the planet ler
been known for a long time that there was a di screpanicy bet-
Ween the motion of this planet and the Newtonian theory. Its
perihelion was obszarved to be advancinz by the smount of 420
ber century, which could not be explained by the Newtonian
theory. The Einstein theory reculred such an advance ond gave
the correct amount, 42" per century. T s a wonderful success
for the theory. It is said that Einstein himself was not unduly
elated when he heard of this Success He was so coafident
thiat his thebry hoo 1o he Flih &

The Binsteln theory of Sray




passing close by the sun shall be deflg:ting.
theory glso requires a dsflection, tut only !
of the Binstein theory. 3o by observing st-
s1 .e of the suny; whose light has passad closc i@
reach ugy, we can test the Zinstein theory. Tid
number two.,

The observztions can bhe
time of a total eclipse of the e wis o
mgkes 1t impossihle to see the Te Was a suitable
eclipse in 2918, TWo expediiions uerve seat out obseive
it, organizsd by Eddington and one led by the astronomear,
Both expeditions obhtained resul ts il B wingteln theory
and azains® the Newtonim theory. The accurecy of the confima-

tion was only moderate, Owing to the inhsrent di £ficulty

of the observotions. Since then, similar obscv-tions hve
been mgde at various later total eclipsaes. Ainstein's theory
has always Dbeen contirmed, glthough the sccuracy has no: been
as great zs one would desire.

There are redundancies to the ts

The discovery of radio stars pi

checxing on test nuwuber two,

1igh% waves. 0Q:-e needs a radio

Just ras o wait until the sun pas

radiostar and then observe whether the apparcnt

OFf the 3tar is deflected. 0:.e does not need :

for such observ tions, as the sun is not a strong radi
source.

~le use of radio waves instead of 1i :ht waves brings

in a complication because radio waves are deflected by the
sun's coong. But one can make observotions for two differ—
ent wave _engths, for vhich the deflection caused by the

=1

COTO e S s frerentt, 50 Bhat it can be Separated. Trom th
Rinstein e’fect. The result is that the RBinstein theory is
confirmed with an accuracy much g reater thn that attainable
with 1izghtvaves,

Lie third effect which provides a means of testing
the Elnstein theory is the red-shift of spectral lines caused
by a gravitational potential at their point of origin. The
obvious tlace to look for this &ffect is in lizht from the
Surface ©? the sun. But the effect here 1S obscured hy the
Doopler :«ffect coming from motion of the emitting matter. By
estimatinz the Dpppler effect one gets rough supnort ©FT the
Einsteln “neory, but it is too rough to be an eflective test.

. e discovery of white dwarf stars provides a better
Wway of testing for . this effect. In a white dvarf the matter

18 so hizHy condensed that the gravitational potential at the
surface 1s very large, and so the Einstein red-shift is large.
When ohe znows enough about the white dwarf to deti..ni e its
Mass anc rgdius one can mgke g good btest of the linstein theorys
Oae Tinds that the theory is well confirmed.

This effect can slso be checked by bLerrestrial -
e¥p eritents, as wa% Shown by R.V. Pound and & 4. Rebka. 0 e
SebS Ur in the laboratory an emitbter of elcctiomaznetic wales
and oerwes them at a place lower than the placc of emission,
where the gravi tationsl potential is less, It is hest to
USe Zaime rays of g definite freguency for this exporiment,
O,e finds that the frequency is increased by the change in
gravliigtionsl potential. The mmount of this increase confirms
the Elnstein theory, with an accuracy greater than any astrono-
mical jest for this effect,




5 classical
ohess This is eoncemed with the time tc’. 1-hy LEzht 14
pass close by the sun. The Elnstein theory recuires a dekay.
Thls can be observed if one projects radar waves to a planet
on the far side of the sun, and then observes time taken
for the reflected waves to get back to earth. h the Use
of radar waves the retardation is affected by sunls
corons and, again, one has to Use two difier Vel enzths
to Laser‘tangLG an coOTron g b oct from fthe L ef i aot,
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» The observatioas have beea carried out by I.I. Shapiro,
and he gets good confirmation of the Einstein theory.

Orne can also get evidence about the Linstein theory
from the observation of bingry pulsars. A pulsar emits
pulsas of radio waves which normally have m.wdlely hish re=
gularity, HyweVery if the pulsa,l forms part of 5 le\NI'y Sys tem,
its rotation around the other star introdices ix cegul arities=—
coming from the Doppler effect associgted with its motion and
‘also from the Einstein precession effect-like the ef. ect in
rest number one in the orbit of the pulsar around its com=~
panions This effeet is very Lo arge, much larger than in the
case of Mercury.

The obxervations give qualitative rt to the
Eins tein thaory but one cannot malfe a quan chedk becguse
one dos=s not kloW enough about the p aramete: . the binary
SVS Gells

> have enumerated the success of the Zinstein theory
of gravitation. It is 5 lomng list, auite impressive, 'In blery
case the EBlnstein theory is confirmed, ith j“ cater or less
accuracy depending on the precision ”1 th which the observitions
®an be mads and the uncertsinties that th oy involve.

Can Einstein's theory always be rizht?

Let us agv face the question. sSuppose a discrepancy had apDeared
well conlirmed and subs tontiated, between tho theory “‘16’1 obser-
Vations. Fow shoulld one resct to it? How ~oLJ d -iinstein him-
Self have reacted to Lt? Should ohe Eheh coni o5y the theory

to be oas:t.cz@lly wrong ?

Y would sy th % thc answer to the l wesglon 18
emphatlically ne,.  The Einstoin theory of grovitition has a
character of excellence of its own. Myohe uwho bpn“c@ ates
the fundg;ne_ tal harmony cohnecting the way nature runs and
general mathemgcicsl principles must reel tliof o theory with.
the beauly and elegance of Einstein's theory has to |
tially cprrectes 1If 5 diserebsricy Should opp eal
application of the tﬂeory, 1€ masl cused bj\/ som
feature relating to this spplic-tion which has io
guataly %sgken into account, and not by
mrmcmlss of the theorye e oS
theory grising from its great be :1tf
detallel successes.
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1t must hove Beem Sueh confidence 1%
beanty of the mathematical description of
hinstelr in his guest for o theory of g

When Binstein was woirking on builiing
of grevitation he was not tryl nz to accoudt
obsery -tionss P .r ‘vom b, e ontic. proccdy
for a Yo autiful theory, a theory of a type
OFf colirse 1t ne-ds resl getiliis 1o |
should he like, ;]ust from the ohstract thincite atout its
Steln was abln 5o da b,

ber gble 40 anmasine what




