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PREFACE
TR
Only mdividuals have 2 sense of tesponability —Mierzscus

THIS book. does not represent a complete collecnion
of the articles, addresses and pronouncements of
Albert Eanstein, 1t 1s 2 selecuon made with a definute
object, namely , 10 give a picture of a man  To-day thus
man 1s bemg drawn, contrary to his own mtention, mto
the whirlpool of political passions and contemporary lus-
tory As 2 result, Einstein 15 cxperiencmng the fate that
so many of the great men of history expunenced Ius
character and opimons are being extubited to the world
n an utterly distorted form

To forestall this fate.1s the real object of this book It
meets 3 wish that has constantly been expressed both
by Emsten’s friends and by the wider public Tt con-
tains work belonging to the most vanous dates—the
artcle on “The International of Science” dates from
the year 1922, the address on “The principlés of Scien-
aific Rescarch” from 1923, the “Letter to an Arab"”
from 1930—and the most vanous spheres, held together
by the umty of the personality which stands behind all
these utterances  Albere Eunstein believes 1n humanuey,
mn a peaceful world of mutual helpfulness, and 1n the
high mussion of science  This bool 15 intended as a plea
for thus belief at a time which compels every one of us
to overhaul his mental atutude and his 1deas *
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TRANSLATORS’ NOTE

In Part V I have had the benefit of the
expert supervision of Dr. H. 'Stafford
Hatfield, to whom my thanks are due.
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THE WORLD 4S I SEE IT
The Meaning of Life

HAT 15 the meamng of human life, or of orgamc

Iife altogether? To answer thus question at all
imphes a religion I there any sense then, you ask,
putting 1t2 | answer, the man who regards his own hife
and that of his fellow-creatures as meanngless 1s not
“merely unfortunate but almost disqualified for hfe

The World as I see 1t

‘What an extraordinary situation 15 that of us mortals!
Each of us 15 here for a brnief sojourn, for what purpose
he knows not, though he sometimes thinks he fecﬂ 1t
But from the pomt of view of daily hfe, without going
deeper, we exust for our fellow-men—in the first place
for those on whose smules and welfare all our happiness
depends, and nextforall those unknown to us personally
with whose destimes we are bound up by the tie of
sympathy A hundred times every day I remund myself *
that my mnner and outer hife depend on the hbours of.
other men, living and dead, and that I must exert myself
m order to give 1n the same measure as T have recerved
and ant sull recetving I am strongly drawn to the
sunple life and am often oppressed by the feeling that I
am engrossing an unnecessary amount of the labour of
my fellow-men I regard class differences as contrary
to Justice and, 1n the last resort, based on force 1 also

consider that plan hving s d fc
Chyacly and memely g 15 good for ‘cvcrybody,

—

I



THE WORLD AS 1 SEg g7
my ;wn gait nn{gl have never belo;
m) home, my friends, or even m " '
with my whole heart, in the face gf:ﬁ“&i:: famd,, i
never Jost an obsunate sense of detachmen, 0(31 Thaye
for sobrude—a fecling which mereases with ‘hcc need
One 15 sharply conscious yer without regree 'J;ir: "
himits to the possibibty of ‘mutual g dersing, of the
sympathy with one’s fellow-creatures Such :“S' and
no doubt loses something 1n the way of penpal Pperson)
bight-heartedness, on the other hand 1ty :nd?

nged to my coun

L he

pendent of the opmons, habits an Ju Bgl:;id) nde.,
fellows and avords the temptation to tale b 1S of byl
such msccutiafl'oué\d:iuons stand on

My pohincal 1deal 15 that of democra
man be respected as an mdividual and nocy m;::; mt‘, 19
It1s an wrony of fate that I myselfhave been the ug d
of excessive adrmuration and respect from my £ ﬁlcm
through no fault and no ment, of my own The ;ws
of this may well be the desire, unattamable for o, .y
to understand the one ar two 1deas to which [ have xg;
my feeble powers attamed through ceaseless Struggles”
I am quite aware that 1t 1 necessary for the sucgg;:: .
of any complex undertaking that one man should g thi
thinking and directing and 1n general bear the respon.. »
sthility  But the led must not be compelled, they mug;
be able to choose their leader An autocratc system of
‘oercion, m my opiuon soon degenerates  For foree
Iways attracts men of low morality, and [ beheve 1t ¢o
»e an mvanable rule that tyrants of gemus are sitcceeded
3y scoundrels  For this reason I have always been pas
tonately opposed to systems such as we see 1n Italy and
Russia to-day The thing that has brought discredi
upon the prevailing form of democracy 1n Europe to-
day 15 not to be laid to the door of the democrane 1dea

3



THE WORLD AS I SEE IT -

In human freedom in the philosophical sense I am
definitely a disbeliever. Evefybody acts not only under
external compulsion but also in accordance with inner
necessity. chcpenhauet's saying, that “a man can do
as he will, but not will as ‘he will,” has been an
inspiration to me since my youth up, and 2 continual
consolation and unfailing well-spring of patience in the’
face of the hardships of life, my own and others’. This
fecling mercifully mitigates the sense of responsibility
which so easily becomes paralysing, and it prevents us
from taking ourselves and other people too seriously;
it conduces to a view of life in which humour, above
all, has its due place. *

To enquire after the meaning or object of one’s own
existence or of creation generally has always seemed to
me absurd from an objective point of view. And yet
everybody has certain ideals which determine the direc-
tion of his endeavours and his judgments. In this sense
T have never looked upon ease and happiness as'ends in
themselves—such an ethical basis I call more proper for
a hérd of swine, The ideals which have lighted me on
my way and fime after time given me new courage to
face life cheerfully, have been Truth, Goodness and
Beauty. Without the sense of fellowship with men of
like mind, of preoccupation with the objective, the
*eternally unattamnable in the field of are and scientific
rescarch, life would have scemed to me empty. The «

ordinaty objects of human endeavour—propetty, out-
ward success, luxury—have always “scemed to me
contemptible.

My Fassicmrc sense of social justice and social res-
nonsibiliry, has_always. d_addly, with. my, gra~
nounced freedom from the need for direct contact with
other human beings and human communities, I gane

2 i




- . THE WORLD AS I SLE IT

my own gait and have uever belonged to my country,
my home, my friends, or even my immediate family,

{ with my whole heart; in the face of all these ties I have

|

never lost an obstinate sense of detachment, of the nced
for solitude—a feeling which increases with the years.
One is sharply conscious, yet without regret, of the
limits to the' possibility of mutual undesstanding and
sympathy with one's fellow-creatutes. Such a person}
no doubt loses something in the way of geniality and
light-heartedness; on the other hand, he is largely inde-
pendent of the opinions, habits and judgments of his
fellows and avoids the temptation to take his stand on\
such insecure foundations. .

My political ideal is that of democracy. Let every’
man be respected as an individual and no man idolisc?.
Itis an irony of fate that I myself have been the recipient
of excessive admiration and respect from my fellows
through no fault, and no merit, of my own. The cause
of this may well be the desire, unatrainable for many,
to understand the one or two ideas to which I have with
my feeble powers attained through ceascless struggle”
1 am quite aware that it is necessary for the success
of any complex undertaking that one man should do the

thinking and directing and in general bear the respon-
sibility. But the led must not be compelled, they must
be able to ‘choosc their leader. An autocratic system of
coercion; in my opinion, soon degenerates. For force
always attracts men of low morality, and 1 believe it

be an invariable rule that tyrants of genius are sirce dtg
by scoundrels. For this reason I have always bcf:rfc "
sionately opposed to systems such as we sce in Jral .Pn&
Russia to-day. The thing that has brought diseot
upon the prevailng form of dcmocucry ’:r% Igufumd“

. X 0
day is not 1o be laid to the door of the dcmocratilic e

3 .idca



- THE WORLD AS I SEE IT

as such, but to lack of stability on the part of the heads
of governments and to the impersonal character of the
clectoral system. I'beheve that in this respect the United
States of America have found the night way. They have
a responsible President who is elected for a sufficiently
long period and has sufficient powers to be really
responsible. .On the other hand, what I value 1 our
political system 15 the more extensive provision that it
makes for the individual in case of illness or need  The
really valuable thing mn the pageant of human life scems.
jto me not the state but the creative, sentent mdividual,
ithe personality; it alone creates the noble and the
sublime, while the herd as such remains dull in thought
and dull in feeling )

This topic brings me to that worst outerop of the
herd nature, the muilitary system, which I abhor. Thata
man can take pleasure 1n marching 1n formauon to the
stramns of a band 1s enpugh to make me despise him, He
has only been given his big bran by mistake; a back-
bone was all he needed. This plague-spot of evilisa-
tion ought to be abolished with all possible speed.
Heroism by order, senseless volence and all the pesalent
nonsense that goes by the nime of patnotdsm—hosw I
hate them! War scems to me a mean, contempuble
thing . I would rather be hacked 1n preces than take part
in such an abonunable business And yet so hugh, in
spite of everything, 15 my opinton of the human race
J::r 1 believe thus bogey would have disappeared Jong
ago, had the sound scnse of the nadons not been
systematically corrupted by commeresal and politieal
interests acung through the schools and the Press

The firest dang we can experraee s the my sienous

Tt 1s the fundamental emotion which stands at the cradle
of true art and true saence. He who knows i; not and
4



THE WORLD AS I SEE IT

can no longer wonder, no longer feel amazement, 15 as
good as dead, a snuffed-out candle It was the ex-
perience of mystery—even 1if muned with fear—that
engendered religion A knowledge of the exstence of
sometliing we cannot penetrate, of the mamifestations of
the profoundest reason and the most raduant beauty,
which are only accessible to our reason 1n their most
clementary forms—it 15 this knowledge and this emo-
tion that constrtute the truly religious atatude, i thus
sense, and 1 thys alone, I am a deeply religious man 1
cannot concerve of 2 God who rewards and punshes his
creatures, or has a will of the type of which we are
conscious 1 ourselves  An mdividual. who should
survive fus physical death 15 also beyond my compre-
hension, nor do I'wish 1t otherwse, such notons are for
the fears or absurd cgoism of fecble souls  Enough for
me the mystery of the eternity of hife, and the inkhing
of the marvellous structure of reality, together with the
single-hearted endeavour to comprehend a poruion, be
1t never so tiny, of the reason that mamfests wself 1n
nature

*

The Liberty of Doctrine—a propos of the Gumbel Cuse

Academic_chairs are many, Jbut Wise and noble
teachers are few, lecture-rooms are numerous and large,
but the number of young people who genunely thirst
after truth and justce 1s small Nature scatters her com-
mon wares with a lavish hand, but the choice sort she
pm“d,uce;1 b};: de&m

¢ all know that, so w]
ever thus and will 1t,not cv}ely poplant W ¢ nor

t thus remamn» Certainl
and one must take what nature gives as on .

e finds 1t
But theﬂ‘b 15 also such a thing as 2 spirit of the times, an
S



THE WORLD AS I SEE IT

attirude of mind charactenisue of a particular generanon,
which 15 passed on from individual to individual and
gives a soaety 1ts particular tone  Each of us has to do
his hietle bie towards transforming this spirie of the tmes
Compare the spint which ammated the youth m our
umversities 2 hundred years ago with that prevaihing
to-day They had faith m the amelioration of human
society, respect for every honest opuuon, the tolerance
for which our classics had hived and fought In those
days men strove for a larger polincal umty, which at
that time was called Germany It was the students and
the teachers at the uuversines who kept these 1deals
ve
To-day also there 15 an urge towards socal progress,
towards tolerance and freedom of thought, towards a
larger polincal uruty, which we to-day call Europe  But
the students at our uni ersittes have ceased as completely
as thar teachers to enshnine the hopes and 1deals of the
nanon Anyone who looks at our nmes coolly and dis-
passtonately muse admut this
We are assembled to-day to take stock of ourselves
The external reason forithis meenng ts the Gumbel
case  This aposde of yustice has wnitten about unex-
puated poliucal cnmes wath devoted industry, high
courage, and excmplary fumess, and has done the com-
mumtv a signal scrvice by hus books  And thus 15 the
man whom the students, and a good many of the staff,
of his umversity are to~day doing thar best to expel
Poliucal passion cannot be allowed to go to such
lengths 1 am convinced that every man who reads
Herr Gumbel's books with an open mund will gex the
same improssion from them as [have Men bke hum
are needed if we are ever to butld up a healthy pobacal
soaety
G



THE WORLD-AS I SEB IT

Let every man judge according to his own standards,

by what ke has himself read, not by what others tell
him.

If that happens, this Gumbel case, after an unedifying
"beginning, may still do good.

Good and Evil

Tt is right in principle dhat those should be the best
loved who have contributed most to the clevation of
the human race and human life. But if one goes on to
-ask who they are, one finds oneself in no inconsiderable
difficulties. In the case of political, and even of religious,
leaders, it is often very doubtful whether they have done
more good or harm. Hence I most seriously believe that
one does people the best service by giving them some.
elevating work to do and thus indirectly elevating them.
‘This applies most of all to the great artist, but also in a

* lesser degree to the scientist. To be sure, it is not the °

fruits of scientific research that elevate a man and enrich
his nature, but the urge to understand, the intellectual
work, creative or receptive. It would surely be absurd

to judge the value of the Talmud, for instance, by its
- intellectual fruits.

The true value of a human being is determined primarily
by the measure and the sense in which he has attained
to iberation from the sélf.

Society and Personality

‘When we survey our lives'and endeavours, we soon
observe that alr_x_lost the whole of our actions and desires
are bound up With the existence of other human beings

7 v
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THE WORLD A5 I SEE IT

We see that our whole nature resembles that of the
social animals. We eat food that others have grown,
wear clothes that others have made, live in houses that
others have built. The greater partof our knowledge
and beliefs has been communicated to us by other
gcoplc through the medium of a language which others

ave created. Without language our mental capacities
would be poor indeed; comparable to those of the
bigher animals; we have, therefore, to admit that we
owe our principal advantage over the beasts to the fact
of living in human society.” The individual, ifleft alone
from birth, would remain primitive and beast-like in
his thoughts and feelings to a degree that we can hardly
conceive. The individual is what he is and has the
significance that he has not so much in virtue of his
indrviduality, but rather as a member of a great human
society, which directs his material and spiritual existence
from the cradle to the grave.

A man’s.value to the community depends primarily *
on how far his feelings, thoughts and actions arc
directed towards promoting the good of his fellows.
We call him gootf or bad according to how he stands
in this matter. It looks at first sight as if our estimate of
a man depended entirely on his social quahides.

And yet such an attitude would be wrong. It is clear
that all the valuable things, material, spititual and moral,
which we receive from society can be traced back
through countless generations ro certin creative in-
dividuals. The use of fire, the cultivadon of cdible
plants, the steam engine;—cach was discovered by one
man,

Onty the individual can think, and therchy creare
new values for sodiety, nay, even sct up new moral
standards to which the hife of the community, conforms. |

8



THE WORLD AS L SEE IT

Without creative, independently thinking and judging
personalities the upward development of socicty is as
unthinkable as the development “of the individual
personality without the nourishihg soil of the com-
munity. . :

The health of society thus depends quite as much on
the independence of dhe individuals composing it as on

~their close political cohesion. It has been said very

_justly that Grzco-Europeo-American culture as a,
whole, and in particular its brilliant flowering in the
Ttalian Renaissance, which put an end to the stagnation
of medizval Europe, is based on the liberation and
comparative isolation of the individual.

Let us now consider the times in which we live.
How does society fare, how the individual? The popu-
lation of the civilised countries 1s extrernely dense as
compared with former times; Europe to-day containg
about three times as many people ‘as 1t did a hundred
years ago. But the number of great men has decreased
out of all proportion. Only a few individuals are known
to the masses as personalitics, through their creadve
achievements. Organisation has to some extent taken
the place of the great man, particularly in the technical
sphere, but also to a very perceptible extent in the
scientific,

The lack of outstanding figures is particularly striking
in the domain of art. Painting and music have definitely
degenerated and largely lost their popular appeal.” In
politics not only are leaders lacking, but the indepen-
dence of spirit and the sende of justice of the citizen
have to a great extent declined. The democratic, parlia-
mentarian regime, which is based on such independence
has in many places been shaken, dictatorships have
sprung up and are tolerated, because men’s sense of the

9
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digmity and the mghts of the individual 15 no longer
strong enough  In two weeks the sheep-itke masses can
be worked up by the newspapers 1nto such a state of
exaited fury that dle men are prepared to put on
umform and kill and be Lilled, for the sake of the
worthless atms of a few mterested partes  Compulsory
mulitary service seems to, me the most dugraceful
symptom of that deficency i personal dignity from
which avilised mankind 15 suffening to-day No won-
der there 15 no lack of prophets who prophesy the
carly eclipse of our avilisation I am not one of these
pessimusts, 1 believe that bettér mes are comung  Let
me shortly state my reasons for such confidence
In my opimon, the present symptoms of decadence
are explamned by the face that the development of
dustry and machinery has made the struggle for
existence very much more severe, gready to the detn-
ment of the free development of the individual  But
the development of machmnery means that less and less
worh 15 needed from the wmdividual for the sausfaction
of the commumuty sneeds A planned diviston of labour
15 becomung more and more of a erying necessity, and
this division will lead to the matenal secunity of the
individual  Thus secunry and the spare ime and encrgy
which the indivdual wall have at lus command can be
made to further his development In this way the
commumty may regamn 1ts health, and we will hope
that future historians wall explain the morbid symptoms
of present-day soacty as the childhood ailments of 3n
:uiirmg humanity, due enurely to the cxcessive speed at
which avilisanon was advanang
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Address at the Grave of H. A. Lorentz

It is as the representative of the German-speaking
academic world and in particular the Prussisn Academy
of Sciences, but above all as a pupil and affectionate
admiiter that 1 stand at the grave of the greatest and
noblest man of our times. His genius was the torch
which lighted the way from the teachings of Clerk

~ Maxwell to the achievements of contemporary physics,
to the fabric of which he contributed valuable materials
and methods,

His life was ordered like a work of art down to the
smallest detail. His never-failing kindness and mag-
nanimity and his sense of justice, coupled with an
intuitive understanding of people and things, made him
a leader in any sphere he entered.  Everyone followed
Lim gladly, for they felt that he never set out to dominate
but always simply to be of use, His work and his

cxample will live on as an inspiration and guide to
future generadons.  *

H. A. Lorentz's work in the cause of International
. ,  Co-operation

With the extensive speciatisation of scientific research
which the nincteenth century brought about, it has
ccome rare for a man oceupying 2 leading position in
one of the sciences to manage at the same time to do
valuable service to the community in the sphere of
International organisation and international  polities,
Such service demands not only energy, insight and a
reputation based on solid achicvements, but also a
freedom from national prejudice and 2 devotion to the
common ends of all, which have become rare in our
. 1



THE WORLD AS I SEE IT

tmes I have met no one who combmed all these
qualiies tn humself so perfectly as H A Lorentz. The
narvellous thing about the effect of hus personality was
this —Independent and headstrong natures, such as are
particularly common a2mong men of learriing, do not
readily bow to anothet’s wall and for the most part only
agcept his leadership grudgingly But when Lorentz
15 1n the presidennal chair, an atmosphere of happy
co-operation 15 mvarably created, however much those
present may daffer i their atms and habits of thoughe
The secret of thus success lies not only m his swaft com-
prehension of people and things and his marvellous
command of language, but above all 1n ths, that one
feels that hus whole heart 15 1n the business 1n hand, and
that when he 15 at work, he has room for nothing else
m hus mind  Nothing disarms the recalatrant so much
as thus
Before the War Lorentz’s acuvittes mn the cause of
mternational relatons were confined to presiding at
congresses of physiassts  Parncularly notew orthy among
these were the Solvay Congresses, the fist two of
which were held at Brussels in 1009 and 1912 Then
came the European war, which was a crushing, blow to
all who had the improvement of humar relations i
general at heart  Even before the wa- was over, and
stll more after sts end, Lorentz devoted himself o the
work of reconahation His efforts were espeaually
directed towards the re-establishment of frutful and
fiiendly co-operanon between men of learmng and
saennfic soactes An outsder can hardly concence
what uphill work thus 1 The accumulated resentment
of the war peniod has not yet died down and many
influential men persist in the rreconalable acnude nto
which they allowed themselves to be drven by the
12
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pressure of circumstances, Hence Lorentz’s efforts
resemble those of a doctor’ with a recaleitrant patient
who refuses to take the medicines carefully prepared
for his benefit.

But Lorentz is nos to be deterred, once he has recog-
nised 2 course of action as the right one. The moment
the war was éver, he joined the governing body of the
“Conseil de rechcrchc" which was founded by the
savants of the victorious countries, and from which the
savants and leamned socicties of the Central Powers were
excluded. His object in taking this step, which caused
great offence to the academic world of the Central
Powers, was to influence this institution in such a way
that it could be expanded into something truly inter-
national. He and other right-minded men succeeded,
after repeated efforts, in securing the removal of the
offensive exclusion-clause from the statutes of the
“Conseil.” .The goal, which is the restoradon of
normal and fruitful co-operaton between leamned
societes, is, however, not yet attained, becausc the
academic world of the Central Powers, exasperated by
nearly ten years of exclusion from practically all inter~
national gatherings, has got into a habit of keeping
itself o itself, Now, however, there are good grounds
for hoping that the ice will soon be broken, thanks to
the tactful efforts of Lorentz, prompted by pure
enthusiasm for the good cause. .

Lorentz has also devoted his cnergies to the service
of intemational cultural ends in another way, by con-
senting to serve on the League of Nations Commission
for international intellectual co-operation, which was
called into exdstence some five years ago with Bergson
as chairmnq. For the last year Lorentz has presided over
the Commission, which, wi;h the active support of its
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subordinate, the Paris Institute, is to act as a go-between
-in the domain of intellectual and artistic work among
the various spheres of culture. There too the beneficent
; influence of this intelligent, humane and modest per-
) sonality, whose unspoken but faichfully followed advice
is, “Not mastery but service,” will lead people in the
right way. -
May his example contribute to the triumph of that ~
spirit!

In Honour of Arnold Berliner's Seventieth Birthday

(Arnold Berlner is the editor of the periodical Die Naturwissen-
schaften.)

1 should Iike to take this opportunity of telling my
friend Berliner and the readers of this paper why I rate
him and his work so highly. It has to be done here
because 1t is onc’s only chancé of getting such things
said; since our training in objectivity has led to a taboo
on everything personal, which we mortals may only
transgress on quite exceptional occasions such as the
prescnt one.

. And now, after this dash for liberry, back to the
objecdve! The province of sciendfically determined
fact has been enormously cxtended, theoretical know-
ledge has become vastly more profound in every

+ department of science. But the assimiladve power of the
human intellect is and remains stricely limited. Hence
it was inevitable that the activity of the individual
investigator should be confined to 2 smaller and smaller
section of human knowledge. Worse still, as a resule
of this specialisation it is becoming increasingly difficult
for even a rough general grasp of science as 2 whole,
without which the true spirit of research is inevitably

4
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handicapped, to keep pace wath progress A situation 13
devcloping similar to the one symbolically represented
1n the Bible by the story of the Tower of Babel Every
serious scientific worker 15 panfully conscious of this
mvoluntary relegation to an ever-narrowing sphere of
Lnowledge, which 1s threatening to depnive the invest-
gator of his broad horizon and degrade hum to the
level of a mechanic
We have all suffered under ths eval, without makung
any effort to mngate 1t But Berhner has come to the
rescue, as far as the German-spealung world 1s con-
cerned, 1n the most admirable way He saw that the
exasung popular penodicals were sufficient to instruct
and sumulate the layman, but he abso saw that a firsw-
class, welledited organ was needed for the gmdance of
the scientfic worker who desired to be put sufficienty
an conrant of developments in saenufic problems,
methods and results to be able to form a judgment of
lis own  Through many years of hard work he has
devoted himself to this object wath greae intelhgence
and no less great determunauon, and done us all, and
saence a service for which we cannot be too grateful
It was necessary for him to secure the co-operation of
successful saientfic writers and induce them to say
what they had to say 1n a form as far as possible mtel-
hgible to non-specalists  He has often told me of the
fights he had 1 pursuing thus object, the difficulnes of
which he onee descnibed to me m the following nddle
Quesnon What 15 a saenufic author: Answer A
cross berween a mimosa and a porcupine ! Berlmer's
achievement would have been impossible but for the
peculiar meensity of lus longing for 2 clear, compre-

Do not be angry = th me for th
senous minded man’enjovs a good hu'gt:ng

15

scretion, m;
0w and lhm}' dear Berliner A
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hensive view of the largest possible area of saientfic
country This feching also drove him to produce 2
text-book of phystcs, the fruut of many years of strenuous
work, of which a medical scudent satd to me the other
day “Idon’t know how I should ever have got 2 clear
1dea of the prinaples of modemn physies :n zﬁc fime at
my disposal without this book

Berhner's fight for danty and comprehensveness of
outlook has done a great deal to brng the problems,
methods and results of sacnce, home to many people’s
minds  The saenafic life of our ttme 15 stmply mcon-
cewvable without his paper It 1s just as important to
make knowledge Live and to keep 1t alive as to solve
speafic problems We are all conscious of what we
owe to Amold Berlner

Popper-Lynkaus was more than a brlliant engmeer
and wniter He was one of the few outstanding per-
sonalines who embody the consaience of a generanon
He has drummed 1t 1nto us that society 1s responsible
for the fate of every ndividual and shown us 2 way to
translate the consequent obliganon of the community

.nto face The commumity or state was no fetsh to
him, he based 15 nght to demand sacnfices of the
dividual entirely on ats ducy to give the mndividual
personality 2 chance of harmonious development

Obstuary of the Surgeon, M Katzensten

Dunng the esghteen years I spent 1n Berlin 1 had few
close friends, and the closest was Professor Katzene
stein  For more than ten years I spent my lewsure hours
Annag, ‘be sunmen manthe sk, bun., neesly ot
delightful yacht There we confided our expenences,
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ambitions, emotions to each other. We both felt that
this friendship was not only a blessing because each
understood the other, was enriched by him, and found
in him that responsive echo so essential to, anybody who
is truly alive; it also helped to make both of us mote
independent of external experience, to objectivise it
more easily. ’

1 was a frec man, bound neither by many duties nor
by harassing responsibilities; my friend, on the con-
trary, was never free from the grip of urgent duties and
anxious fears for the fate of those in peril. If, as was
invariably the case, he had performed some dangerous
operations in the moming, he would ring up on the
telephone, immediately before we got into the boat, to
enquire after the condition of the patients about whom
+ he was worried; I could see how deeply concerned he
was for the lives entrusted to his care. It was marvellous
that this shackled outward existence did not clip the
wings of his soul; his imagination and his sense of
humour were irrepressible. He never became the
typical conscientious North-German, whom the Italian:
in the days of their freedom used to call bestia seriosa
He was sensitive as a youth to the tonic beauty of the
lakes and woods of Brandenburg, and as he sailed the
boat with an expert hand through chese beloved and
familiar surroundings he opened the secret treasure-
chamber of his heart to me—he spoke of his experiments,
scientific ideas, and ambitions. How he found time anc

energy for them was always a mystery to me; but the
passion for scientific enquiry is not to be crushed by
any burdens. The man

) . who is possessed with it perishes
sooner than it does.

There were two types of
ateention, The first forced

7

problems that engaged his
itstlf on him out of the
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necessities of hus practice  ‘Thus he was always thinkmg
out new ways of inducing healthy muscles to take the
place of lost ones, by ingentous transplantanon of
tendons He found this remarkably easy, as he possessed
an uncommonly strong spanal imagmaton and a
remarkably sure feeling for mechamsm  How happy
he was when he had succeeded 1n making somebody fit
for normal life by putting nght the muscular system of
hus face, foot or arm! And the same when he avorded
an operation, even i cases which had been sent to him
by physicaans for surgical treatment {in cases of gastne
uleer by neutralising the pepsin) He also set great
store by the treatment of pentontus by an anu-tovic
colt-serum which he discavered, and rejorced m the
successes he achieved with 1t In talking of 1t he ofien
lamented the f..¢ that this method of treatment was not
endorsed by his colleagues

The second group of problems had to do with the
common conception of an antagomsm between different
sorts of tissue  He believed that he was here on the track
of a general biological prinaiple of widest application,
whose implicanons he followed out wath admurable
boldness and persistence  Starung out from this basic
notion he discovered that osteomyelon and periosteum

revent each other’s growth if they are not separated
Eor‘n cach other by bone In :'Ius way he succccd:g 1xxln

1. 1

p g htherto inexplicable cases of
g to heal, and n bringing about a cure
This general nouon of the antagonusm of the tissues,
es cculﬁ of epithellum and connecuve assue, was the
subject to whnch he devoted lus saennfic energies,
espeaally in the last ten years of lus hfe  Expenimenss
on aumals and a systemanc imvesuganon of the growth
of tissues 1n a nutnent fld were carned out ude by
18
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side. How thankful he was, with his hands tied as they
were by his duties, to have found such an admirable
and infinitely enthusiastic fellow-worker in Friuleni
Knake! He succeeded in securing wonderful results
bearing on the factors which favour the growth of
epithelium at the expense of that of connective tissuc,
results which may well be of dedisive importance for the
study of cancer. He also had the pleasure of inspiring
his own son to become his intelligent and independent
fellow-worker, and of exciting the warm interest
and co-operation of Sauerbruch just in the last years
of his life, so that he was able to die with the consoling
thoughe that his life’s work would not perish but
would be vigorously_continued on the lines he had
laid down.

1 for my part am grateful to fate for having given me
this man, with his inexhaustible goodness and high
creative gifts, for a friend.

Congratulations to Dr. Soly

I am dehghted to be able to offer you, Dr. Solf,
the heartiest congratuladons, the congratulations of
Lessing College of which you have become an
indispensabile pillar, and the congratulations of all who
are convinced of the need for close contact between

science and art and the public which i
spiritual nourishment. el which s hungry for

You have not hesitated to 1 i
pply your energies to
field where there are no laurel 4 e :

1 ls to be wi i

loyal work %o be done 1n the imereirs gfl} ,t}?em cq:emi

standard of intellectual and spiriual life whic[};x i P

peculiar danger to~day owing to'a varict’y of circ; N

stances. Exaggerated respect for athletics, an exccssn:f
19



+

THE WORLD AS | SEE IT

coarseimpressions which the complication of Iife through
the technical discoveries of recent years has brought
with 1, the mcreased seventy of the struggle for
exstence due to the cconomuc crists, the brutahsation of
political hife—all these factors are hosnle to the npening
of the character and the desre for real culture, and
stamp our age as barbarous, matenalstic and superfical
Speaialisation 3n every sphere of mtellectual work
15 producing an ever-wideming gulf between the
meellectual worker and the non-specialst, which
makes 1t more difficult for the hfe of the nation to be
ferthsed and enriched by the achievements of are and
saence

But contact between the ineellectual and the masses
must not be lost It 15 necessary for the clevaton of
soaiety and no less so for renewing the strength of the
mtellectuzl worker, for the flower of science does not
grow 1n the desert For this reason you, Herr Solf,
have devoted a portion of your energies to Lessing
College, and we are grateful to you for domng so
And we wish you further success and happmess in your
work for this noble cause

Of Wealth

I am absolutely convinced that no wealth m the
world can help humamty forward, even m the hands
of the most devoted worker in this cause  The example.
of great and pure characters 15 the only thing that can
produce fine 1deas and noble deeds Money only
appeals to selfishness and always tempts 1ts owners
trresistibly to abuse 1t

Can wmpons wwagse Mosts, Jeves o1 Gundla armed
wath the money-bags of Carnegie?

20
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Education and Educators

: A letter
. Dear Miss ——

I have tead about sixteen pages of your manuscript
and it made me—smile. It is clever, well observed,
honest, it stands on its own feet up to a point, and yet
it is so typically feminine, by which I mean derivative
and vitisted by personal rancour. T suffered exactly
the same treatment at the hands of my teachers, who
disliked me for my independence and passed me over
when they wanted assistanes (I must admit that T was
somewhat less of a model student than you). But it
would not have been worth my while to write anything
about my school life, still Jess would I have liked to be
responsible for auyone’s printing or actually reading it
Besides, qne always cuts a poor figure if one complains
about others who are struggling for their place in the
sun too after their own fashion.

Therefore pocket your temperament and keep your
manuscript for your sons and daughters, in order that
they may derive consolation from it and—not give a
damn for what their teachers tell them or think of them.

Incidentally 1 am only coming to Princeton to
rescarch, not to teach. There is too much education
altogether, especially in American schools. The only
rational way of educating is to be an example—of what

~to avoid, i€ one can't be the other sort.
With best wishes.

To the Schoolchiidren of Japan
In sending chis greeting fo ~ycu apanese sch
children, I can lay claim to 2 special righfto do :o, ‘olggr i
21
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1 have myself visited your beanuful country, set
cittes and houses, 1ts mountamns and woods, and
Japanese boys who had leamt from them to love
countrv A big fat book full of coloured drawin;
Japanese cluldren les always on my table

If you get my message of greeting from all
distance, bethink you that ours 1s the first age m hy
to bning about friendly and understanding mterec
between people of different countries, m former t
nations passed their hves 1n mutnal ignorance, an
fact hated or feared onc another May the spic
brotherly understanding gan ground more and ¢
among them With this in mind 1, an old man, ¢
you Japanese schoolchildren from afar and hope

your generation may some day put mine to shame

Teachers and Pupils
An address to children

¢ pnnapal art of the teacher 1stoawaken the joy in creanon
and knowledge )

My dear Chuldren,

I rejoice to see you before me to-day, happy youth
of a sunny and fortunate land

Bear 1n mund that the wonderful things you Jearn
i your schools are the work of many generauons,
produced by enthusiasuc cfore and mfinie labour 1n
every country of the world  All this 1s put mto your
hands as your inhentance in order that you may recene
1t, honour 1t, add to 1t, and one day fathfully hand st on
to your children Thus do we mortals achieve immor-
ealty ar ghe pammanane ghinge wbah we awmae a0
common
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If you always keep that in"mind you will find a

meaning in life and work and acquire the right attitude
towards other nations and ages.

Paradise Lost

As late as the seventeenth century the savants and
artists of all Europe were so closely united by the bond
of a common ideal that co-operation between them was
scarcely affected by political events. This unity was
further strengthened by the general use of the Latin
language. '

To-day we look back at this state of affadts as at a
dost paradise. The passions of nationalism have des-
troyed this community of the intellect, and the Latin
language, which once united the whole world, is dead.
The men of leamning have become the chief mouthpieces
of national tradition and lost their sense of an intellectual
commonwealth.

Nowadays we are faced with the curious fact that
the politicians, the pracucal ren of affawrs, have become
the exponents of wnternational ideas. It is they who
have created the League of Nations.

Religion and Science '

Everything that the human race has done and thoughe
is concerned with the satisfaction of felt needs and the
assuagement of pain. One has to keep this constantly
in mind if one wishes to understand spiritual move-
ments and cheir development, Fecling and desize are
the modive forces behind all human endeavour and
human creation, in however exalted a guise the latter
may present itself to us. Now what are the feclings
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and needs that have led men to religtous thought and
behef tm the widest sense of the words> A licle con-
stderanion wall suffice to show us that the most varying
emotions preside over the burth of relgious thought
and expenence {With pnmuve man 1t 15 above all
fear that evokes religious notions—fear of hunger, wild
beasts, sickness, death  Since at this stage of existence
understanding of causal connextons 1s usually poorly
developed, the human mund ¢reates for self more or
less analogous bemngs on whose walls and actrons these
fearful happemngs depend  One’s object now 15 to
secure the favour of these beings by carry mg out actions
and offering sacnifices which, according to the tradition
handed down from generation to generanion, propinate
them or make them well disposed towards a mort
Iam speaking now of the religion of fear Thas, though
not created, 15 1 an 1mportant degree stabilised by ¢he
formation of.a special priestly caste which sets up as 2
mediator between the people and the bengs they fear,
and crects 2 hegemony on thus basts  In many cases
the leader or ruler whose position depends on other
factors, or a privileged class, combunes piestly functions
with 1ts secular authonity 1n order to make the latter
more secure, or the pohtcal rulers and the presdy
caste make common cause 1 therr own mterests )
The soaal feehings are another source of the crystal-
Iisation of religton  Fathers and mothers and the leaders
of larger human commumntics are mortal and fallible
The desire for gudance, love aud support prompts
men to form the soal or morl concepuon of God.
Thus 15 the God of Providence who protects, disposes,
rewards and punishes, the God who, according to the
width of the believer's outlook, loves and cherishes the
Life of the mbe or of the human race, or even life as
24
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such, the comforter 1 sorrow and unsatisfied loﬁgmg,’
who prescrves the souls of the dead This 15 the socal
or moral conception of God R

The !c\wsh scriptures adrmrably illustrate the develop- |
ment from the religion of fear to moral teligion, which

{5 Continued in_the New Lestament The religions of
all avibised peoples, especially the peoples of the Onent,

are pnmanly moral religions  The development from
a rcixglon of Tear to moral rehigion 15 a great step mn a
nation’s hfe' That pnmutive religions are based entirely
on fear and the religions of avilised peoples purely on
morality 15 a prejudice agamst which we must be on our
guard The truth 15 that they are all ntermeduate types,
with dus reservation, that on the higher levels of socal |
life the religion of morality predominates

Common to Al these types 1s the anthropomorphic
character of their conception of God  Only individuals
of exceptional endowments and exceptionally high-
minded communities, as a general rule, get 1n any real
sense beyond thus level  But there 15 a third state of
rehigious expenence which belongs to all of them, even
though 1t 15 rarely found 1n a pure form, and which I
will call cosmuc religious feelmg It 1s very difficult
to explan this feellng to any one who 15 enurely
without 1t, especially as there .s no anthropomorphic
conception of God corresponding to 1t

The individual feels the nothingness of human
destres and aims and the sublimicy and marvellousorder
which reveal themselves both in nature and 1n the world
of thought He looks upon individual exstence as a
rison_and wants 0 expericnce the URIVErse as

cant_whole The beginnings of cosmic
religious feching already appear in earlier stages of
development, ¢ g , 1n many of the Psalms of David and
25
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in some of the Prophets Buddhism, as we have learnt
from the wonderful writings of Schopenhauer espect-
ally, contains a much stronger clement of 1t.

The relgious geniuses of all ages have been dis-
tinguished by this kind of religious feeling, w hich knows
no dogma and no God concerved 1n man’s 1mage; so
that there can be no church whose central teachings are

tbased on*st. Hence it is precisely among the heretics
of every age that we find men who were filled wath the
lughest kand of religious feeling and were i many
cases regarded by their contemporaries as atheists,
sometimes also as saints. Looked at in this Iight, men
like Democnitus, Franas of Assisi, and Spinoza arc
closely akin to one another. .

How can cosmuc religious feeling be communicated .
from one person to another, 1f it can give rise to no
definite notion of 1 God and no theology? In my view,
1t 15 the most important funcaon of art and science to
awaken this feelng and keep 1t alive an those who are
capable of 1t

'We thus arnve at 2 conception of the relation of
sdence to rehgion very different from the usual one
When one views the marter hustoncally one 1s mclined
to look upon saence and feligion ,as irreconalable
antagomnsts, and for a very obvious reason The man
wha 1s thoroughly convinced of the universal operation
of the law of causation cannot for a moment entertan
the 1dea of a being who interferes 1n the course of events
—thar 15, 1f he akes the hypothesis of causality really
seriowsly  He has no use for the religion of fear and
equally hetle for soqal or moral religion A God who
rewards and punishes 1s nconcewvable to um for the
simple reason that 2 man’s actions are determuned by
necessity, cxternal and 1nternal, so that 1 God's cyés

- 26
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e cannot be responsible, any more than an mammate
object 15 responsible for the motions 1t goes through
Hence science has been charged with undermuning
moralicy, bue the charge 1s umust A man’s ethical
behaviour should be based effectually on sympathy,
education, and social ties, no rehigious basts 1s necessary
Man would indeed be 1n a poor way if he had to be
restramned by fear and pumishment and hope of reward
after death

It 15 therefore easy to sec why the churches have
always fought science and persecuted 1ts devotees On
the other hand I mamntain that cosmic religious feelmg
is the strongest and noblest matement to saenufic
tesearch  Only those who realise the 1mmense efforts
and, above all, the devotton which pioneer work mn
theoretical science demands, can grasp the strength of
the cmotion out of which alone such work, remote as
1t 1s from the immediate reabues of hfe, can 1ssue
What 1 decp convicuon of the ratonahty of the
umverse and what a yearning to understand, were 1t
but 1 feeble reflecuon of the mund revealed n
world, Kepler and Newton must have had to enab}
them to spend years of soltcary labour in disentanglm,
the principles of celesnal mechames! Those whose
acquamtance with saenufic rescarch 15 denved chiefly’
from 1ts pracuical results easdy develop a completely
false notion of the mentality of che men who; sur-
rounded by a sceptical world, have shown the way to
those hkc—mmdcg with themselves, scattered through
the carth and the centunies{, Only one who has devoted
ks bife to simdar ends can have a vivid realisation of
what has mnspired these men and given them the
strength to remam true to their purpose i spite of
coundess falures Tt 15 cosmic rjngxaus fecling that
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gives 2 man strength of this sort A contemporary hus
sard, not unyustly, that 1w tlus maternalistc age of o
the sertous sacnufic workers are the only profoundly
religious people) -

The Keigrousness of Scuence

You will hardly find one among the profounder sort
of sacnufic minds without 2 pecubar religious fecling
of lus own  But 1t 1s different from the religion of.the
nave man  For the latter God 15 a beng from whose
care one hopes to benefit and whose pumshment one
fears, 2 sublimanon of a fechng sumular to that of a
child for ats father, a bemng to whom one stands to some
extent in a personal relation, however deeply 1t may be
unged with awe

Bue the sciennist 1s possessed by the sense of umversal
causation  The future, to him, 1s every whit as necessary
and determined as the past There 1s nothing divine
about morality, 1t 1s a purely human affarr His reltigous
feeling takes the form of a rapturous nt at the
harmony of natural law, which reveals an imtelligence
of such supenonty that,_comparcd with ir, all the
systematte thinking and acting”of human beings 15 an
ity TTgmicent teflecion Ths Teclmgor the
gudmg prinaple of his Life and work, m so far as he
succeeds 1n heeping himself from ¢che shackles of selfish
desire It 1s beyond quesuon closely akim to chat which
has possessed the religious genuses of all ages

The Plight of Science

The German-speaking countnes are menaced by a
danger to which those m the know are in duty bound
28
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'has been pad for by the martyr’s blood of pure
treat men, for whose sake Italy 15 sall loved and
tnced to-day

be 1t from me to argue with you about what\
ids on human bberty may be jusufied by reasons
ate But the pursait of saenufic truth, derached
1 the practical nterests of everyday hfe, ought to
reated as sacred by every government and it 15
%e highest mterests of all that honest servants of
§ should be left m peace  Thus 15 also undoubredly
!¢ mterests of the Italian state and 1ts prestge n the
1of the world

lopmg that my request will not fall on deaf ears,

, etc
| AE

Interviewers

To be called to account publicly for everything one
§ said, even 1 jest, an excess of hugh spirts or momen-
ty anger, fatal as 1t must be 1 the end, 15 yet up to a
nnt reasonable and natural  But to be called o
pount publicly for what others have sud m one’s
ume, when one cannot defend oneself, 15 indeed a
K{l Ercdxcamcnt ‘But who suffers such a dreadful
};’ you will ask  Well, everyone who 15 of
Hicent mterest to the pubhc to be pursued by mter-
:IIC“'CKS You smile seredulowsly, but I have had
Ecnt) of direct expenience and will tell you about

{ Imagine the followng siuanon O

eporter comes to you and asks you in :e

«@ tell hum something aboue your fnend

you no doubt fecl something approaching
31
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at such a proposal  Butof the Amenican naton,

1 no cscape I yowuigh sense of responsibibity, w

wntes T asked ¢lf to the sphere of poluaes  For

about him  Bro-operation of the great country

This'n 1eselates i the business of regulanng

conclusiens, all efforts durected towards thus

* ofve - bound to remain more or less meffeceual

21 thank yom most hearnly for this ©
reception and, m particular, the men of learmn
tns country for the cordial and friendly we'
have recesved from them I shall always look '
these two months wath pleasure and graurude

The Unsersity Course at Davos

Senatores boms vin, senatus autens besta Se a ¢

of nmune, a Swiss professor, once wrote 1n his wrrieal
Way to a untversicy f'acul?' which had annoyed ’
Commumnities tend to be less gmded than  * *
by consaence and a semse of responubility  What
frueful source of suffenng to mankind this face 1
I¢ 15 the cause of wars and every kind of oppressio
which fill the earth with pamn, sighs, and bitterness

And yet nothing truly valuable can be achievee
except by the unselfish co-operanon of many nd
viduals Hence the man of good wll 15 never appxc‘q
than when some communal enterprise 15 afoot and
launched at the cost of heavy sacrfices, with the singl
object of promoting hife and cultuse

Such pure joy was mue when I heard abour
unversity courses at Davos A work of rescuc 15 ben
carned out there, with mielhigence and a wise modera
tion, which 1s based on a grave need, though 1 may no
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Cﬂ'{ need that is immediately obvious to everyone,
b 2 young man goes to this valley with his hopes .
rfon the healing posver of its sunny mountaing and
by ing his bodily health. But dhus withdrawn for long
k) ds from the will-hardening discipline of normal
bk and 2 prey to morbid reflection on his physical
, dition, he casily loses the power of menl cffore
] e to hold his own in the

1 the sense of being abl
5 Pggle for existence. He becomes a sort of hét-hotse

3t and, when his body is cured, often finds i¢ difficule
‘3¢t back 1o normal life.

lmcrruPtion of intellectua)
A'aing in the formarive criod of you very_apt
¥2e2ve 3 pap Which can hardly be filled later,

Y g ¢, intellectual wwor] n moderation,
i indirecdy helps i¢ forward,
t 38 moderate phys wotk does. It is iy this

ity courses are bein
ject not merely of pre. anng these
U8 people for a profession but of sum ating them
X el!ct‘:n}al activity 2 such. They are 1o provide
th;'m'k, raining and hygiene the sphere of ¢he mind,

Let us nor forget ‘thar ¢his enterprise s admirably
E.Qxhlcqlmcd 10 establih sueh relygions betvieen mrembep,
T diffe as ;rc favourable ¢ the growsd; of
omimon n - The effeers of
‘ansmuuon in this direcrion s Likely tocbczsal

Vantageous from t the dry £
Y rule our ey ical purpeer S ©
.  eVery sorr of political purpose. The
W3y to erve the oy CMationalism 5 §,

b F:E::l;il]g an‘ some lifepi . 4

v 3 mPﬂhBOchwlr'oi
a;z:ngémd Sm:lhgcnc: of the founders o?thicundil:zrs?:;
S e e T

a m::surc
t the enterpriee has OUtgrown the troybles
3¢
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of mfancy May st prosper, ennching the |
of numbers of admirable human bemngs and resa,
many from the poverty‘of sanatonum bfe!  will

w

Congratulations fo u Crine ~

To see with one’s own eyes, to feel and judge wad
succumbing to the suggestive power of the fashuor
the day, to be able to express what one has seen=nd
m a snappy sentence or even in a cunmingly wro
word—ss that not glonouss Is 1t not a proper sul
for congratulation > Kl

Greeting to G Bernnard Shaw

There are few enough people wath suffictent indepet
dence to see the weaknesses and follies of their conten
poraties and remain themselves untouched by +
And these 1solated few usually soon lose their zeal #
puttng things to nights when they have come face
face with human obduracy Only to 2 any minonty
1t given to fascanate their generaton by subde
and grace and to hold the murror up to 1t by the
personal agency of art  To~day I salute with
emouon the supreme master of this m;thod, who 1
debighted—and educated—us all

Some Notes on my American Impressions

I must redeem my promuse to say somethng -'
my unpresstons of this country That 15 not alrogcths‘{
casy for me  For 1t 13 not easy to take up the atone
of ‘an 1mparual obscrver when one 15 recaved wied

such kindness and undeserved respect as I have been
Amenca  First of all let me say somethung on this heat
36 t
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m“i cult of individual personalities is al.wa.ys. in my
m:);g unjustificd. To be sure, nature ‘distributes her
o# Yariously among her children. But there are plenty
¥ wellendowed ones too, thank God, and I am
““kﬁy donvinced that most of them live quiet, un-
,z;’rdcd lives. It strikes me as unfair, and even in 'bad
A f-, to select a few of them for boundless admiration,
E,'é‘)buting superhuman powers of mind and character
Es,ﬁhcm. This has been my fate, and the contrast
1i¥petn the popular estimate of my- powers and
z}.il ements and the reality is simply grotesque. The
{1 is ciousness of this extraordinary state of affairs would
Gnbearable but for one great consoling thought: it is
‘}{wd;omc symptom in an age which is commonly
Jenbunced as materialistic, that it makes heroes of men
{tho'se ambitions lie wholely in the intellectual and
oral sphere. This proves thae knowledge and justice
atc fanked above wealth and power by a large section
of t[hc human race, My experience teaches me that
this! jdealisic putlook is particularly prevalent in
Anjerica, which is usually decried as a particularly
‘m:s'tc,n'nlistic country. After this digression I come to
:my\ proper theme, in the hope that no more weight
,\,\vtl be attached to my modest remarks than they
Hesferve,
. What first strikes the visitor with amazement i
upteiority of this country in matters of technics ;;}:;
:}:’g isavon. Objects of everyday use are moge solid
e german ¥ pyeonsss iniitly more convenien: in
ool b erything is designed o save buamem
-A00Ur 1 expensive, becatise the ¢ i
3parsely inhabited in” comparison ith i e
fsdusces. The high price of Jab Wi its natura]
wluff}: evoked the marvellg our was the stimulus

us development of technica]
37
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devices and methods of work The opposite exeme
1s fllustrated by over-populated China or India, Where
the low price of labour has stood m the way of the
development of machinéry  Europe 1s half-way befween
the two Once the machme 1s suffiaently ghly
developed 1t becomes cheaper 1 the end than) de
cheapest labour. Let the Fascists 1n Europe, who dysire
on narrow-mnded poliical grounds to see therr gwn
paracular countries more densely populated, tale Heed
of this  The anxious care with which the United Sjtates
keep out foreign goods by means of prohibiave ganfB
certanly contrasts oddly wath this nonon . Bytan
mnnocent visitor must not be expected to rack s bl
too much, and, when all 15 said and done, 1t 15} 00t
absolutely certain that every question admuts
rattonal answer

The second thing that stmkes a visttor 15 che joyjous,
positwve atnrude to hfe” The smile on the faces of] the
.people m photographs 15 symbolical of one of} the
Amenican’s greatest assets  He 15 foendly, confiaent
optimstic, and—without envy The European ﬁ’ﬂds
intercourse with Amenicans easy and agreeable )

Compared with the American, the European ts mjor¢
crincal, more selfconscrous, less good-hearted Sa-ﬂd
helpful, more 1solated, more fasndious m his amise-
ments and his reading, generally more or less o’f 2
pessunst

Great 1mportance attaches to the materal conyiforts
of life, and peace, freedom from care, secunty aje
sacnficed to them The Amencan hives for ambjnon,
the future, more than the European Life for hjfiza 15
always becoming, never being  In this respect jhe 1
even further removed from the Russian and the

Asiatic than the European 15 But there 15 anfother
k13
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tespe % 1n which he resembles the Astanc more than the
Eurorpean does e 15 less of an mdmnduabst than the
European—that 15, from the psychological, not the
econpmiic, pomt of view o

Mjore emphasis 15 lad on the “we” than the “I".
As .} natural corollary of dus, custom and convention
are | very powerful, and there 15 much more uni-
forfnity both m outlook on life and 1 moral and
asthetic 1deas among Amencans than among Euro-
peafis  Ths fact 15 chiefly responsible for America’s
ecohomuc superority over Europe Co-operation and
the \dgvision of labour are carned through more easly
andlwath less fction than i Europe, whether 1n the
factory or the unwversity or in prvate good works
This social sense may be partly due to the Englsh
tradition .

In apparent contradiction to thus stands the fact that the
actvinies of the state are comparanvely restricted as
compared wath Europe The European 1s surprised to
find the telegraph, the telephone, the railways and the
schools predommanty m prvate hands The more
socaal attitude of the ndividual, which I mentioned just
now, makes this possible here  Another consequence
of this atutude 15 that the extremely unequal distn-
buton of property leads to no mmz:rable hardshxps
The socal conscience of the nch man 15 much more
hx}ﬁllxlyddcvclopcd thansm Europe He considers humself
obliged as a matter of course to pl
of hus wealth, and often of hus gv:f,e;:,“%; Iioruon

* the disposal of the commumty, and ubﬁ 00, at
that ali-powerful force, l!npcnou'sly dm}:md:“op i{!}llllon,
2»“};: ¢ most important cultural functions mnobe l:}t

vate enterprise and the pare played by the s
1 this country 1s, C"um;;VCIY, avery mg-ncccd or:;c
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‘The prestige of government has undoubtedly} becn
lowered considerably by the Prohibition laws.t For
nothing is more destructive of respect for the gofvern-
ment and the law of the land than passing laws viehich
cannot be enforced. It is an open secret thaty dhe
dangerous increase of crime in this country is cldsely
" connected with this.

There is also another way in which Prohibition} in
my opinion, has led to the enfecblement of the srate.
The public-house is a place which gives people a chinee
to exchange views and ideas on public affaits. Aim far
as I can see, people here have no chance of doing-this,
the result being that the Press, which is mostly con-
trolled by definite interests, has an excessive influence
over public opinion, -

The over-estimation of money is still greater in this
country than in Europe, but appears to me to be on the
decrease. It is at last beginning to be realised that great
wealth is not necessary for a happy and satisfactory lifé-

As regards artistic matters, 1 have been genuinely
impressed by the good taste displayed in the modern *
buildings and in articles of common use; on the other,
hand the visual arts and music have litle place in the
life of the nation as compared with Europe.

I have a warm admiration for the achievements of
American institutes of scentific research. We are
unjust in attempting to ascribe the increasing superiority
of American research-work exclufively to ‘superior’

wealth; zeal, patience, a spirit of comradeship and a |
talent for co-operation play an imporfant part in it
successes. One more observation to fimsh up with.
The United States are the most powerful technically
advaneed country in the wodd to-day. Their influence
on the shaping of international relations is absolutely
40
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incalculable. Bue America is a large country and its
people have so far not shown much interest in great
international problems, among which the problem of
disarmament occupies first place to-day. This must be
changed, if only in the essential interests of the Ameri-
cans. The last war has shown that there are no longer
any barriers between the continents and that the
destinies of all countries are closely interwoven. The
people of this country must realise that they have a
great resporisibility in the sphere of international
politics, The pare of passive spectator is unworthy of

this country and is bound in the end to lead to disaster
all round.

Reply to the Women of America

An Amencan Women’s League felt called upon to protest
against Etnstemn's visit to their country. They recetved the fol-
lowing answer. - -

Never yet have I experienced from the farr sex such
cnergetic rejection of all advances; or 1f T have, never
from so many at once.

But are they not quite nght, these watchful citizen-
esses2 'Why should one open one’s doors to a person
who devours hard-boiled capitalists with as much appe-
tite and gusto as the Cretan Minotaur in days gone by
devoured luscious Greek maidens, and on top of that
is low-down enough to reject every sort of war, except
the unavoidable war with one’s own wife: Therefore
give heed to your clever and patriotic women-folk
and remember that the Capitol of mighty Rome was
once saved by the cackling of its faithful geese,

41
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POLITICS AND PACIFISM
Peace

THE mnportance of securing internitonal peace was
recogmsed by the really great men of former
generations But the techmeal advances of our umes
have rurned ths ethical postulate 1nto a matter of hfe
and death for avilised mankind to-day, and made the
taking of an acuve part 1 the solution of the problem
of peace 2 moral duty which no conscientious man
man can shark

One has to realise that the powerful mdustrral groups
concerned 1 the manufacture of arms are downg their
best m all countries to prevent the peaccful settlement
of mternational disputes, and that rulers can only
aclueve this great end 1f they are sure of the vigorous
sufpport of the majonty of their peoples In these days
of democratic governmient the fate of the nations hangs
on themselves, each mdwvidual must always bear that
n mind

.

The Pacifist Problem
Ladies and Gentlemen,

Lam very glad of dus opportumty of saying a few
words to you about the problem of pacificism  The
course of events 1 the last few years has once more
shown us |y

ow lide we are justfied leaving the

strugele agamst armaments and agamst the war spine

to the govcrnments On the other hand, the formation

Ot farge organanons with a large membership can of
45
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itself bring us very litde nearer 1o our goal. In
opinion, the best method in this case is the violent;
of conscientious objection, with the aid of organisar.
for giving moral and material support to the courag(
conscientious objectors in cach country. In this way
may succeed in making the problem of pacificism
acute one, a real struggle whici attraces forceful nar
It is an illegal struggle, but a struggle for people’s 1
rights against their governments 1 so far as the lat
demand criminal acts of the citizen.

Many who think themselves good pacifists will,

.at this out-and-out pacifism, on patrotic groun

Such people are not to be relied on in the hour of erit
as the world war amply proved. )

I am most gtatcﬁs to you for according me :
opportunity to give you my views in person.

Address to the Students’ Disarmament Meeting

Preceding generations have presented us, in 2 highl
developed saence and mechanical knowledge, with
most valuable gift which carries with ic possibilities ¢
making our hife free and beautiful such as no previor
generation has enjoyed. Bue this gift also brings with i
dangers to our existence as great as any that have eve

. threatened it.

The destiny of civilised humanity depends more thar
ever on the moral forces it is capable of generating
Hence the task that confronts our age is certainly nc
easier than the tasks our immediate predecesson
successfully performed.

The foodstuffs and other goods which the world
needs can be produced in far fewer fours of work dhar
formerly. Bue this has made the problem of the division

. 46 .
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Jon, from Jesus Christ to Goethe and Kam Is 1t
guificant that such men have been umversally
:rd as leaders, 1 spite of the fact that cheir efforts
uld the course of human affairs were attended
but small success?
m convinced that the great men, those whose
vements, cven though 1 a restricted sphere, set
above their fellows, arc ammated to an over-
mung extent by the same 1deals  Buc they have
mfluence on the course of pohncal events It
st looks as 1f this domain, on which the fate of
ms depends, had mewvitably to be given over to
nce and 1rresponsibility
litical leaders or governments owe their posiwon
ly to force and party to popular electon They
10t be regarded as representative of the best elements,
ally and intellectually, mn therr respectve nations
- mtellectual elite have no direct mfluence on the
ory of nattons 1n these days, their lack of cohesion
vents them from taking a direct part 1n the solutnon
contemporary problems Don’t you think that a
nge mught be brought about in dus respect by a
» association of people whose work and achieve-
nts up to date constitute a guarantee of therr abiliy
! punty of mm: Ths imnternanonal associanon,
10se members would need to Leep 1 touch with
th other by a constant interchange of opmrons, might,
defing 165 attirude 1 the Press—responsibiliy
¥3ays testing wath the signatomies on any mven
casion—acquire a considerable and salutary moral
Buence over dhe serlemene of pokecs! quevaons
ich an assoqation would, of course, be a prey to all
.c‘ll[s which so often lead to degeneration 1n learned
ctedies, dangers which ar:guucpambly bound up with
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the i-tperfection of human nature  But should not an
effort 1 thus direction be risked tn spite of this? 1look
gpon the artempt as nothing less than an miperamve
u
If an ntellectual assoaation of standing, such as 1
have described, could be formed, 1t would no doubt
have to try to mobilise the rchgious orgamsatons for
the fight aganst war It would gne countenance 0
many whose good ntentions are paralysed to-day by
melancholy resignaton  Fimally, 1 believe that an
assoctatton formed of persons such as I have desenibed,
each Inghly esteemed 1n hus own line, would be just
the thing to give valuable moral support to those
elements 1n the League of Nauons which arczrcall)
working for the great object for which that institunon
csts
1 had rather put these proposals to you than to anyone
else m the world because you are least of lf men the
dupe of your destres and because your cnincal judgment
1s supported by 2 miost camest sense of responsibiliy

Compulsory Service
From a letter

Instead of permnssion bang given to Germamy to
sntroduce compulsory service 1t ought to be taken away
from everybody clse m future none bur mereenary,
arnmes should be permutted, the size and cquipment of
which should be discussed at Geneva  Tlus would
better for France than to have o permit compulsory
senvice i Germany  The faral psschological effeet o
the nulitaty education of the people and the violaton
of the mndividual s nighes which 1 involves would thus
be avoided

so
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» Moreover, it would be much easier for two countries
which had agreed to compulsory arbitratior for the
setdlement of all disputes arising out of their mutual
relations to combinc their military establishments of
mercenarics, into a single organisation with a mixed
staff. This would mean a financial relicf and increased
sccurity for both of them. Such a process of amal-
ganwanon might extend to larger and larger com-
binations, and finally lead co an “international police,”
which would be bound gradually to degencrate as
international security increased.

Wil you discuss this proposal with our friends by
way of setting the ball rolling: OFf course I do not in
the Jeast insist on this particular proposal. ButIdo think
it essential that we should come forward with a posiaive
programme; a merely negative policy 1s unhiely to
produce any pracrical resules.

Germany and France

Mutual trust and co-operation between France and

Germany can only come about 1f the French demand for
+ security against mulitary attack 15 sausfied. But should

France frame demands in accordance with this, such a

step would certainly be taken very ill 1n Germany.

A procedure something like dhe following seems,
ho‘ycvcr, to be possible. Let the German govermment
of its own free will propose to the French that they
should jointly make representations to the League of
Nations that it should suggest to all member states to

b

in(d)d'llfmsclvcs to the following :—
1) To submit to every d i i
coumt o bt © very deaision of the international
-{2) To proceed with all its economic and military
st
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force, in concert with the other members of the League,
against any state which breaks the peace or resists ap
international decision made in the interests of world
peace.

Arbitration

Systematic disarmament within a short period. This
is only possible in combination with the guarantee ol
all for the security of each separate nation, based on 2
permanent court of arbitration independent of govern-
ments. .

Unconditional obligation of all countries not merely
to accept the decisions of the ‘court of arbitration but
also to grve effect to chem. - .

Separate courts of arbitratdon for Europe with
Africa, America, and Asia {Australia to be apportioned
to one of these). A joint coutt of arbitration for
questons involving issues that cannot be setded within
the Iimits of any one of these three regions.

The International of Science

At a situng of the Academy during the War, at the
time when national and political infatuation had
reached 1ts height, Enul Fischer spoke the following

“ emphatic words :—"It’s no use, Gentlemen, science isand
- ~remans internatonal.”  The really great scientists have
always known this and fele it passionately, even though

m times of political confission. they may have remained
isolated among their colleagues of inferior cahbre. In
every camp during the War this mass of voters berrayed
their sacred trust. The internadonal sodecy of the
atademies was broken up, Congresses were and sdll
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are held from which colleagues from cx~cnemy coun-
ties are excluded Polincal considerations, advanced
with much solemmnty, prevent the trumph of purcly
objective ways of thnking wathout which our great
aims must necessanly be frustrated

What can right-minded peaple, yeclﬁlc who are proof
agamst the emotional temptations of the moment, do to
reparr the damage? With the majonty of muellectual
workers stll so excied, truly mnternatonal congresses
on the grand scale cannot yet be held  The psychological
obstacles to the restoraton of the mnternanonal associ-
anons of scennfic workers are stll too formudable to
be overcome by the munoncy whose 1deas and feelgs
are of 2 more comprehensive hind  These last can aud
1n the great work of restormng the 1ternational societies
to health by keeping m close touch with like-minded
people all over the world, and resolutely championing
the mnternational cause 1n their own spheres  Success
on a large scale will take ume, but 1t will undoubtedly
come I cannot let this opportunity pass without paying
a tribute to the way mn which the desire to preserve the
confratcrmty of the intellect has remamed alive through
all these difficult years m the breasts of 2 large number’
of our English colleagues especully

The disposinon of the mdwndual 1s everywhere better
than the official pronouncements  Right-nunded people
should bear this i mind and not allow themselves to be

:Zusled and get angry senatores bont vin, senatus autens
estia .

IfTam full of confident hope concerning the progress
of wnternational ory

gamsation m general, that feeling is
based not so much on my confidence m the mtelligence
and high-mindedness of'my fellows, but rather on the
uresisuble pressure of economic devclopments  And

53
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sinee these depend largely on the work even of re-
actionary scientists, they too will help to create the
international organisation against their wills.

The Institute for Intellectstal Co-operation

During this year the leading politicians of Europe
have for the first time drawn tge logical conclusion
from the truth that our portion of the globe can only
regain its prosperity if the underground struggle
berween the tradinonal political units ceases. The
pohacal organisation of Europe must be strengthened,
and 2 gradual attempt made to abolish tariff barriers.
This great end cannot be achieved by treaties alone.
People’s minds must, above all, be prepared for it
We must try gradually to awaken in them a sensc of
solidanty which does not, as hitherto, stop at frontiess.
It 1s wath this m mund chat the League of Nanons has
created the Commisston de co-opération intellectuelle.
This commussion 1s to be an absolurely intemational
and enurely non-political authority, whose business 1t 1
Jto put the mtellectuals of all the nations, who were
1solated by the war, mto touch with each other. Irisa
difficult task; for 1t has, alas, to be admutted that—at
least 1 the countries with which I am most closely
acquainted—the artsts and men of learnung are governed
by-narrowly nationalist feelmgs to a far greater extent
than the men of affurs

Hitherto dhus comnussion has met twice a year. To
make 1ts efforts more effective, the French government
has decided to creatc and mamtan a permanent Insutute
for mntellectual co-operation, which 15 Just now to be
opened It 15 2 gencrous ace on the part of the Fren
nation and deserves the thanks of all
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It 15 an easy and gratcful task to rejorce and prase
and say nothing about the things one regrets or dis-
approves of But honesty alone can help our work
forward, so I wall not shrink from combinng cnticaism
wath this grectung to the new-born child

1 have daily occasion for observing that the greatest
obstacle which the work of our commussion has to
encounter 1s the lack of confidence m us polncal
impartality Eversthing must be done t6 steengthen
that confidence and everything avorded that maght
harm 1t

When, therefore, the French government sets up and
mantaws an Insttute out of public funds 1 Parss as a
permanent organ of the Commussion, with a Frenchman
as 1ts Durector, the outside observer can hardly avoid
the smpression that French mflucnce predomunates 1n
the Commussion  This umpression 15 further strength-
ened by the fact that a Frenchman has also been charrman
of the Comnussion 1tsclf so far  Although the mdi-
viduals m question e men of the highest reputation,
liked and respected everywhere, nevertheless the 1m-

pression remains
Dixi et salvave aunmans meam 1 hopc with all my
heart that the new Insutute by constant interaction with
¢ Commission will succeed in promoting  therr
common ends and winning the confidence

and recog-
muon of mtellectual workers all over the

world
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A Farewell

A letter to the German Secretary of the League
of Natons

Dear Herr Dufour-Feronce,

Your kind letter must not go unanswered, otherwise
you may get a mustaken notion of my atutude  The
grounds for my resolve to go to Geneva no more are
as follows —Expenence has, unhappily, taught me that
the Commusston, tahen as a whole, stands for no serious
determunation to make real progress with the o
1mproving mternational relattons It looks to me far
more hke an embodiment of the pnnaplc it alxqml
fiert videatur  The Commusston scems to me even worse
n this respect than the League taken as a whole

It 15 precsely because I desire to work with all my
mghe for the establishment of an nternational arbierats
ing and regulanve authonty superior 10 the state, and
because I have this object so very much at heat, that
I feel compelled to leave the Commussion

The Commusston has given 1ts blessing to the oppres-
ston of the cultural mumorities 1n all countries by causing
2 National Commussion to be set up 1n cach of them
which 15 to form the only channcl of commumcation
becween the mtellectuals of a country and the Com-
musstonr It has thereby deliberately abandoned 165
funcoon of gving moral support to the nation
mumonties m their struggle againse cultural oppresston

Furcher, the atutude of the Commussion i c
matter of combanng the chauvimstic and muliearisic
tendencies of education m the vanious countries has
been so Jukewarm that no senous cfforts m this funds-
mentally smportant sphere can be hoped for from 1t

56



POLITICS AND PACIFISM

The Comumssion has mvanably faled to give moral
support to those tndividuals and associatons who have
thrown themselves without reserve mto the bustness of
worlang for an mternational order and agawst the
mulitary system

The Commussion has never made any attempt to
resistothe appomtment of members whom 1t knew to
stand for tendencies the very reverse of those 1t1s bound
1 duty to foster

1 will not worry you with any further arguments,
since you will understand my resolve well enough from
these few hmts It 15 not my busmess o draw up an
mdictment but merely to explam my posion If T
noursshed any hope whatever I should act differendy—
of that you may be sure

The Question of Disarmament

The greatestobstacle to the success of the disarmament
plan was the fact that people mn general left our of
account the chuef difficulues of the problem Most
objects are gamed by gradual steps for example, the
supersession of absolute monarchy by democracy
Here, however, we are concerned with an objecuve
which cannot be reached step by step

As longbns the possibility of war remains, nations wall
msist on bemng as perfectly prepared mulitanily as they
can, 1 order to emerge trrumphant from the next war
It wll also be impossible to avord educating the youth
mn warhke tradions and culavatng narrow national
vamty joined to the glonfication of the warlike spint,
aslong as people have to be prepared for occastons when
such a spuae wall be needed m the atzens for the pur-
pose of war To arm 15 to 81ve one's voice and make
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one’s preparations not for peace but for war. Therefore -
people will not disarm step by step; they will disarm
at one blow or not at all.
. The accomplishment of such™a far-reaching change
in the life of nations presupposes a mighty moral effort,

"a dehberate departure from deeply ingrained tradition.

Anyone who is not prepared to make the fare of hit

. country in case of a dispute depend entircly on the

decisions of an internadonal court of arbitration .mfi
to cnter mto a treaty to this cffect without reserve, 18
not really resolved to avoid war. Itisa case of all or
nothing.

It 1s undeniable that previous atempts to ensure
peace have fuled through aiming at inadequate com=
promxsc;. .

Disarmament and sccurity are only (o be had in
combmaton The one guarantee of security is an
undereaking by all naons to give effect to the decisions
of the international authonty.

We stand, thercfore, at the parting of the ways.

. Whether we find the way of peace or continue along

!
v

the old road of brute force, so unworthy of out cvilisa-
tion, depends on ourselves. On the one side the freedom
of the ndividual and the sceurity of society beckon 10
us, on the other slavery for the individual and the

lulation of our avil threaten us. Our fate
will be according to our deserts.

The Disarmament Conference of 1932

1
May 1 begin with an article of polincal faith ¢ Ir runs
a3 follows :—The state is made for man, not man for the
38
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state  And 1n this Tespect science resembles the state
These are old sayings, comed by men for whom human
personality was the highest human good 1 should shrink
from repeanng them, were 1t not that they are for ever
threatening to fall mnto oblivion, partcularly n these,
days of organssanion and mechemsanon I regard 1t as
the chief duty of the state to protect the individual and
give lum the opportumty to develop to a creative
personality
That 1s to 5ay, the state should be our servant and not
wets slaves  The state transgresses this commandment
when 1t compels us by force to engage m mulitary and
war service, the more so simce the object and the eftect
of dus stavish service 15 to kil people belonging to other
countnes or 1nterfere wath their freedom of develop-
ment  We are only to make such sacnifices to the state
as will promote the free development of individual
human bemngs To any Amencan all dus may be 1
plantude, but not to any European Hence we may
hope that the fight agamst war wall find strong support
among Americans
And now for the Disa. mament Conference Qughe

one to laugh, weep or hope when one thinks of 1c2
Imagine a aty mhabted by fiery-tempered, dishonese
and quarrelsome atizens The constant danger o lie

there 15 felt as a senous handicap which makes all
* healthy development impossible Tic magistrate desres
to remedy this abomunable ate of affars, althoueh aly
Ins counscllors and the rest of the cazens msx%t on
ﬁ:in:;ngmu:mc::z da1 dagger m therr girdles  Afer
Yoot fndPnucs n ¢ magistrate determunes to com-

ues:
the dn%qcr 15 allow cc;] to t}:zn‘, how 1ong and how Sh"P

in s bele when he pos s which anyone may carry

As long as the Cunning
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citizesis do not suppress knifing by legislation, the courss
and the police, things go on in the old way, of course.
A definition of the length and sharpness of the permitted
dagger will only help the strongest and most turbulent
and leave the weaker at their mercy. You will all

" understand the meaning of this parable. It is true that )

we have a League of Nadons and 2 Court of Arbitration.
But the League ismot much more than a meeting-hall
and the Court has no means of enforcing its decisions.
These institations provide no sccurity for any country
in case of an attack on it. If you bear this in mind, you
will judge the atdtude of the French, their refusal to
disarm without security, less harshly than it is usually
Judged at present.

Unless we can agree to limit she sovereignty of the .
individual state by all binding oursclves to take joint
action against any country which openly or secretly
resists a judgment of the Court of Arbitration, we shall
never get out of a state of universal anarchy and terror.
No sleight of hand can reconcile the unlimited sover-
cignty of the individual counery with sccuricy against
attack. Will it need new disasters t6 induce the countries ©
to undertake to enforce every decision of the recognis
international court: The progress of events so far
scarcely justifies us in hoping for anything beteer in the
near future. But everyone who arcs for civilisation
and justice must exert all his strength to convinge his ©
fellows of the necessity for laying all couneries undet
an international obligation of this kind.

It will be vrged againse this notion, not without 2
certain justification, thatit over—sti s the cfficacy of
machinery, and neglects the psychological, or rather
the moral, factor. Spiritual disarmament, people insist,
must precede material di They say further,

6o -
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and truly, that the greatest obstacle to mternational
order 1sthat monstrously exaggerated spirit of natonal-
1sm which also goes by the fair-sounding but musused
name of pamotsm Duning the last century and 2 half
this 1dol has acqured an uncanny and exceedmngly
permcious power everywhere
To esumate this objecton at 1ts proper worth, one
must realise,that a reaprocal relanon exsts between
external machinery and muternal states of mmd  Not
only does the machmery depend on tradironal modes
of fechng and owe 1ts ongwm and 1ts survaval to them,
but the exssung machinery 1 1ts turn exercises a power-
ful mfluence on natonal modes of feclng
The present deplorably Iugh development of nauonal-
1sm everywhere 15, 1 my opinton, mtmately connected
with the msutunon of compulsory mihitary service or,
to call 1t by 1ts less offenstve name, national armies
A country which demands military service of 1ts
mhabrtants 1s compelled to cultivate a nattonalisuc spirie
i them, which prowides the psychological foundanon
of military efficency  Along with this religion 1t has
to hold up 1ts instrument, brute force, to the admiration
of the youth m 1ts schools
"The introduction of compulsory service 1s therefore, to
my mind, the pnme cause of the moral collapse of the
white race, which seriously threatens not merely the
survival of our avilisation but our very exsstence This
curse, along with great socal blessings, started wath the
French Revoluuon, and before long dragged all the
odxc}: na?ons :}r: 1ts trahm 4
Therefore, those who destre ta encourage
of an internanonal spine and to combng: g;:fm'th
must take thewr stand agaunst compulsory m
severe persecution to which pusory service Is dhe
W] > consaentious objectors to
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military service are subjected to-day a whit less dis-
graceful to the communy than those to which the
martyrs of religion were exposed 1n former centuries?
Can you, as the Kellogg Pact does, condemn war and
at the same nme leave the ndvidual to the tender
mercies of the war machme 1 each country?

If, 1n view of the Disarmament Conference, we are
not to restrict ourselves to the techmeal problems of
orgamsation 1nvolved but also to tackle the psycho-
logical question more drecdy from education
motives, we must try on mternational lines to wmvent
some legal way by which the mdividual can refuse to
servemthearmy  Sucharegulaton would undoubtedly
produce a great moral cffect

This 1s my positon 1n a nutshell —Mere agreements
to lmmut armaments furnish no sort of secunty  Com-
pulsory arbitration must be supported by an executive
force, guaranteed by all the partiapatng countrics
which 55 ready to proceed aganst the disturber of the
peace with economic and mulitary sancuons Compit'=
sory service, as the bulwark of unhealthy nacionalism,
must be combated, most important of all, consctenttous
objectors must be protected on an wmternational basts

Finally, I would draw your attention to 2 book,

War agawn to-morrou, by Ludwig Bauer, whuch dscusses
the 1ssues here mvolved 1n an acute and unprgudlCCd
manner and wath great psychological msight

o

The benefits that the mvenuve gemus of man has
conferred on us in the last hundred years could make
life happy and care-free, 1f ‘orgamssation had been able
to keep pace with techmeal progress  As 1t 15, these
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hard-won achievements m the hands of our generation
are ke a razor m the hands of a chuld of three The
possession. of marvellous means of producuon has
brought care and hunger wstead of freedom

The results of techmical progress are most baleful
where they furnish means for the destruction of human
life and the hard-won fruts of toil, as we of the older
generation expentenced to our horror mn the Great War
More dreadful even than the destruction, 1 my
opmion, 1 the humibaung slavery mnto which war
plunges the mdwadual Is 1t not a ternble thing to be
forced by the commumty to do things which every
individual regards as abommable cnmes: Only a few
had the moral greatness to resist, them 1 regard as the
real heroes of the Great War

There 1s one ray of hope I believe that the respon-
sible leaders of the nanons do, i the mam, honestly
desire to abolish war  The resistance to this essential
step forward comes from those unfortunate nauonal
tradions which are handed on ke a hereditary disease
from generanon to generanon through the worhings of
the educational systum  The prinapal velude of ts
twadition 15 mbitary traming and 1ts glonfication, and
equally, that pornon of the Press which 15 contralled
by heavy industry and the soldiers  Without disarma-
ment there can be no lasung peace  Conversely, the
conunuanon of military preparanons on the presen
sca’i;h\\1ll mc}: mably lead to new catastrophes 5

at 15 why the Disarmament

will deade the fare of dus gcncrs::rfc;cr:;ex}ff e
When one thinks how pruable, taken as a wh ]c r}l::xt
* been the results of former conferences, 1t b e o
R thatatss the duts of all ntdligent and l:ﬂpo:ﬁ:l:cscﬂe?r

to exert therr full po“ers6 ;o remund  public ol;uul:,:
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America and the Disarmament Conference

The Americans of to-day are filled with the cares
arising out of economic conditions in their own
country. The efforts of their responsible leaders are
directed primarily to remedying the serious unemploy-
ment ac home. The sense of being involved in the
destiny of the rest of the world, and in particular of the
mother country of Europe, is even less strong than in
normal dmes.

But the free play of economic forces will not by irself
automatically overcome these difficulties. Regulative
measures by the community are needed to bring about
a sound distribution of labour and consumption-
goods among mankind ; without therh even the people
of the richest country suffocate. The fact is that since
the amount of work needed to supply everybody’s needs
has been reduced through the mmprovement of tech-
nical methods, the free play of ecomomic forces no
longer produces a state of affairs in which all theavailable
labour can find employment. Dehberate regulation
and organisation are becomung necessary to make the
results of technical progress beneficial to all. )

If the cconomic situation cannot be cleared up without
systematic regulation, how much more necessary is
such regulation for dealing with the problems of
international politics! Few people still cling to the
notion that acts of violence in the shape of wars are
cither advantageous or worthy of humanity as a method
of solving international problems. But they are not
logical enough to make vigorous efforts on behalf of
the measures which might prevent war, that savage and
unworthy relic of the age of barbarism. It requires
some power of reflection ;c; see the issue clearly and a
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certamn courage to serve this great cause resolutely and
effectively

Anybody who really wants to abolsh war must
resolutely declare htmself in favour of his own country's
resigning a portion of 1ts soverergnty 1n favour of mter-
national mstituttons he must be ready to make his ownl
country amenable, 1n case of a dispute, to the award of
an nternational court He must n the most uncom=
promusing fashion support disarmament all round,
which 1s actually envisaged 1n the unfortunate Treaty
of Versailles, unless mlitary and aggressvely patriotc
education 15 abolished, we can hope for no progress

No event of the last few years reflects such disgrace
on the leading cvalised countries of the world as the
fulure of all disarmament conferences so far, for this
fatlure 15 due not only to the intngues of ambiaous and
unscrupulous pohuctans but also to the difference an
slackness of the public 1n all countries Unless this 15
changed we shall destroy all the really valuable achieve-
ments of our predecessors

I behieve that the American nation 1s only imperfectly
aware of the responsibility which rests wath 1t 1
matter People in America no doube think as follows —
“Let Europe go to the dogs, 1f 1t 1s destroyed by the
quarrelsc and wickedness of 1ts mhabutants  The
good seed of our Walson has produccd a mughty poot
crop 1n the stony ground of Europe  We are strong a1
safe and n no hurry to mux ourselves up i other
people’s affares ™

Such an attende 15 at once base and shorc-sighted
Amenca 1s partly to blame for the difficulties of Europe
By ruthlessly pressing her claims she 1s hastenng the
economic and therewth the moral collapse of Europe:
she has helped to Balkamise Europe and therefore shares
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the responsibility for the breakdown of political
morality and the growth of that spirit of revenge which
feeds on despair. This spirit will not stop short of the
gates of America—I had almost sud, has not stopped
short. Look around, and look forward.

The truth can be bricfly stated :—The Disarmament
Conference comes as a final chance, to you no less than
to us, of preserving the best that civilised humanity
has produced. And it is on you, as the strongest and
comparatively soundest among us, that the eyes and
hopes of all are focussed.

Active Pacifism

1 consider myself lucky in witnessing the great peace
demonstration orgamsed by the Flemish people. To
“all concerned in it T feel impelled to call out in the
name of men of good will with a care for the future:
“In this hour of opened eyes and awakening conscience
we fecl ourselves united with you by the deepest ties.”
‘We must not conceal from ourselves that an improve-
ment in the present depressing situation is impossible
without a severe struggle; for the handful of those
who are really determined to do something is minute
in comparison with the mass of the lukewarm and the
- misguided. And those who have an interest in keepin,
the machinery of war going are a very powerfisl body;
they will stop at nothing to make public opinion
subservient to their murderous ends,

It looks as if the ruling statesmen of to-day were
really irylng to secure permanent peace. But the
ceaseless piling-up of armaments shows only too clear]
that they are unequal to coping with the hostle foxc;
which are preparing for w:; In my opinion, deliver-
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ance can only come from the peoples themselves I
they wish o avoud the degradmg slavery of war-
service, they must declare wath no uncertam voice for
complete disanmament  As long as armues exst, any
serious quarrel will lead to war A pacifism which does
not actually try to prevent the nauons from armng
and must remain 1mpotent

May the consaience and the common scnse of the
peoples be anakened, so that we may reach a new stage
1m the life of natons, where people will look back on
war as an mcomprehensible aberration of their fore-

fathers!

Letter to a friend of Peace

It has comc to my ears that m jour Brear
heartedness you are quedy accomplishing 2 splend:d
work, impelled by solamde for humanty and 15
fate Small 15 the number of them that sce with theit
own eyes and feel wath their own hearts Butt1s therr
strength that will deade whether the human race must
relapse nto that hopeless condinon which a blnd
multitude appears to-day to regard as the 1deal

O that the nations mught sec, before it 15 too late,
how much of their sclf-determmarton they have got fo
sacnfice m order to 2vord the scruggle of 2ll agamnst !
The power of consacnce and the mrernational spirt
h:;Ermed ssclf imadequate  Ac present 1t 1s bewng 0
w as to to]cn(c par cying Wit th worst enenues
of anilisation  There 1s a hind of conaluauon w
15 2 cnme agamnse humaney, and 1t passes for polioa
wisdom

We annot desparr of humanity, since we are oufs
selves human beings  And 1t 15 2 comfore that there s
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exist individuals like yourself, whom one knows to be
alive and undismayed.

Another ditto
Dear friend and spiritual brother, .

To be quite frank, a declaration like the one before
me in a country which submits to conscription in peace-
time.seems to me valueless. What you must fight for
is liberation from universal military service. Verily the
French nation has had to pay heavily for the victory
of 1918; for that victory has been largely responsible
for holding it down in the most degrading of all forms
of stavery. Let your efforts in this struggle be unceasing.
You have 2 mighty ally in the German reactionaries and
militarists. 1€ France clings to universal military service,
it will be impossible in the long run to prevent its
introduction’ into Germany, For the demand of the
Germans for equal rights will succeed in the end; and

- then thére will be two German miliary slaves to every

French one, which would certainly not be m the
interests of France.

Only if we succeed in abolishing compulsory service
altogether will it be possible to educate the youth in
the spirit of reconaliauon, joy in life and love towards
all living creatures. -

1 believe thar a refusal on conscientions grounds to
serve in the army when called up, 1of carried out by
50,000 men at the same moment, would be irresistible.
The individual can accomplish fittle here, nor can one
wish to see the best among us devoted to destruction
throngh the machinery behind which stand the three
great powers of stupidity, fear, and greed.
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ance can only come from the peoples themselves If
they wish to avoud the degradmg slavery of war-
service, they must declare with no uncertamn voice for
complete disarmament  As long as armies exist, any
senious quarrel wll lead to war A paafism which does
not actually try to prevent the natons from arming i
and must remain 1mpotent

May the consaence and the common sense of the
peoples be awakened, so that we may reach a new stage
m the bfe of nauons, where people will look back on
war as an mcomprehensible aberration of ther fore-

fathers!

Letter to a friend of Peace
great-

It has come to my ears that i your
heartedness you are quietly accomplishing 2 splendd
work, mpelled by solicrtude for humanty and 18
fate  Small 15 the number of them that see with ther
own eyes and fecl wath their own hearts But 1615 their
strength that will deaide whether the human race must
relapse mto that hopeless condion Wi ch a blind
multtude appears to-day to regard as the 1deal

O that the nations nught see, before 1t 1s 100 late,
how much of their sclf-determmnanon they have got {9
sacnifice 1 order to avoid the struggle of all agamst
The power of conscience and the international spit
has proved 1self imadequate At present 1t 13 beng s@
weak as to tolerate parleying wail the worst encaucs
of avilisaton  There 15 2 hind of conalianon wihi
15 a cnme agamst humanuty, and 1t passes for polin
wisdom

‘We cannot despair of humanity, since we 8r¢ our-
selves human beings  And 1t 15 2 comfort that chere sall
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exist individuals like yourself, whom one knows to be
alive and undismayed.

Another ditto
Dear friend and spiritual brother, .

To be quite frank, a declaration like the one before
me in a country which submits to conscription in peace-
time scems to me valueless. What you must fight for

- is liberation from universal military service. Verily the
French nation has had to pay heavily for the victory
of 1918; for that victory has been largely responsible
for holding it down in the most degrading of all forms
of slavery. Let your effotts in this struggle be unceasing.
You have a mighty ally in the German reactionaries and
militarists. If France clings to universal military service,
it will be impossible in the, long run to prevent its
introduction’ into Germany. For the demand of the
Germans for equal rights will succeed in the end; and

. then thére will be two German military slaves to every
French one, which would certainly not be m the
interests of France.

Only if we succeed in abolishing compulsory service
altogether will it be possible to educate the youth in
the spirit of reconciliation, joy in life and love towards
all Iiving creatures. .

I believe that a refusal on conscientious grounds to
serve in the army when called up, if carried out by
50,000 men at the same moment, would be irresistible.
The individual can accomplish little here, nor can one
wish to see the best among us devoted to destruction
through the machinery behind which stand the three
great powers of stupdity, fear, and greed.
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A third ditto

Dear Sir,

The pow with which you deal 1n your letter 15 ont
of pume mportance  The armament indusery 15 35
you say, onc of the greatest dangers that beset manhind
it 1s the hidden evil power behind the natonalsm whidt
1s rampant everywhere

Possibly something mught be gamed by nauonal-
1sauon  But it 15 extremely hard to deternune cunls
what industries should be included  Should the asrersit
industry? And how much of the metal industry and
the chenucal industry ?

As regards the mumtons wdusery and the cxgcﬂ of
war matenial, the League of Naoons has busie welf
for years with efforts to gee ts hornble traffic cot-
trolled—with what Lrde success, we all know Last
year I asked a well-known Amencan diplomat why
Japan was not forced by 2 commercal boycort ©
desist from her policy of force. "Qur commeral
interests are too strong,” was the answer How €0
one help people who rest sansfied wath a seaterynt
Lke thatt
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cate, but nothing can be-achicved as directly as you
think

Women and War

In my optruon, the patriotic women ought to be sent
to the front 1n the next war mstead of the men It
wauld at least be a noyelty m dus dreary sphere of
wfinite confuston, and besides—why should not such
heroic feelings on the part of the fair sex find 2 more

picturesque outlet than in attacks on a defenceless
avilian:

Thoughts on the World Economic Crisis

If there 15 one thing that can give 2 layman in the
sphere of economucs the courage to express an opmion
on the nature of the alarmmg economc difficultes of
the present day, 1t 15 the hopeless confusion of opimons
among the experts What I have to say 1s nothing
new and does not pretend to be anything more
than the opmion of an independent and ~ honest
man who, unburdened by class or national pre-
Judices, desires nothing but the good of humamty
and the most harmontous possible scheme of human
existence  1f in what follows I write as 1f I were clear
about certam things and sure of the truth of what 1
am saying, this 15 merely done for the sake of an easier
mode of expression, 1t does not proceed from unwar-
ranted self-confidence or a belief m the mfallibilicy of
my somewhat simple mntellectual conception of prob-~

ems which are 1n reaity uncommonly complex
As [ sec e, this cnisis differs i character from past
crises 1 that 1t 15 based on an enurely new set of con~
dintons, due td rapid progress in methods of production
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A thurd ditto

Dear Sir,

The pomnt with which you deal in your Tetter 15 one
of prme importance The armament wndustry 15 35
you say, one of the greatest dangers chat beset mankind
it 15 the hidden eval power behind che nationalsm which
15 rampant everywhere

Possibly something mmught be gamed by natonal-
1saton  But 1t 15 extremely hard to deccrmine exact
what mdustries should be included  Should the arerait
industry? And how much of the metal ndustry an
the chemucal industry?

As regards the munittons industry and the export of
war matertal, the League of Nauons has busied 1self
for years with efforts to get this hornble traffic con-
erolled—with what lirde success, we all know Last
year I asked a well-known Amencan diplomat why
Japan was not forced by 2 commeraal boycott ©
desist from her policy of force ‘Our commerct
interests are too strong,” was the answer How cn
one help people who rest samsfied with 2 statement
ke that?

You believe dhat 2 word from me would sufficc ©
get something donc i dus spheret What an dlusiont
People flatter me as long as I do not get 1 thear w3y
But if I direct my efforts towards objects which do not
suit them, they smmeduately tum to abuse and calumny
1n defence of thewr mterests  And the onlookers mostly
keep out of the hght, the cowards! Have you eief
tested the avil courage of your countryment The
silendy accepted motto 1% Leave 1¢ alone and don't
speak of 1™ You may be sure that I shall do
everythung 11 my power along the lines you indi-
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cate,. but nothing can be-achieved as directly as you
ink.

Woners and War

In my opinion, the patriotic women ought to be sent
to the front in the next war instead of the men. It
would at least be a novelty in this dreary sphere of
infinite confusion, and besides—why should not such
heroic feclings on the part of the fair sex find a more

picturesque outlet than in attacks on 2 defenceless
civilian:

Thoughts on the World Economic Crisis

If there is one thing that can give a layman in the
sphere of econfomics the courage to express an opinion
on the nature of the alarming economic difficulties of
the present day, it is the hopeless confusion of opinions
among the experts. What I have to say is nothing
new and does not pretend to be anything more
than the opinjon ofP an independent and  honest
man who, unburdened by class or national pre-
judices, desires nothing but the good of humanity
and the most harmonious possible scheme of human
existence. If in what follows I write as if U were clear
about certain things 2nd sure of the truth of whar 1
am saying, this is merely done for the sake of an easier
mode of expression; it does not proceed from unwag-
ranted self-confidence or a*belicf in the infallibilicy of
my somewhat simple intellectual conception of prob-
lems which are in reality uncommonly complex.

T Aslseeir this crisis differs in character from past

iriu‘cs in thatitis pascd on an entirely new set of con-

tions, t%uc td rapid progr;ss in methods of production,
o
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Only a fracuon of the available human labour mn the
world 15 needed for the production of the total amount
of consumpuon-goods necessary to hfe  Under a
completely free economic system tns fact 15 bound to
lead to unemployment For reasons which I do not
propose to analyse here, the majonty of people are
compelled to wotk for the munumum wage on which
hfe canbe supported  If two factortes produce the same
sore of goods, other things being equal, that one will
be able to produce them more cheaply which employs
less workmen—i e, makes the individual worker work
as Jong and as hard as hunan nature permuts  From tlus
1t follows mevitably that, with methods of production
what they are to-day, only a portion of the avatlable
labour can be used - While unreasonable demands are
made on this portion, the remunder 15 automatically
excluded from the process of producnon Ths lea
10 a fall m sales and profits Bustnesses go smash, which
further mereases unemployment and dimmushes con-
fidence 1n industrial concems and therewath public
participation 1n these mediatng banks, finally the
banks become msolvent through the sudden wadh-
drawal of depostts and the wheels of mdustry therewith
come to a complete standsall .

The cnisis has also been atmbuted to other causes
which we will now consider

(1) Oter-production We have to disunguish between
two things here—real over-producuon and appatent
over-producuon By real over-producuon I mean 2
production so great that 1t exceeds the demand  This
may perhaps apply to motor-cars and wheat m the
Unted Srates at d>1c present moment, although even
that 1s doubtful By “over-producnon” people usually
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mean a condition of thngs m which more of one
particular arucle 15 produced than can, m exisung
carcumstances, be sold, n spite of a shortage of con- *
sumption-goods among consumers This condition of
things I call apparent over-production In dus case
1t 13 not the demand that 15 lacking but the consumers’
purchasing-power Such apparent over-production 1s
only another word for a cnsis and therefore- cannot
serve as an explananon of the latter, hence people who
try to mahe over-production responsible for the crisis
are merely jugghng wath words

(2) Reparations The obligauon to pay reparations
kes heavy on the debtor nanons and their industnies,
compels them to go m for dumpmg and so harms the
creditor nanons too  ‘This 1s beyond dispute  But the
appearance of the crsis 1n the United States, m spite
of the high tanff-wall protectng them, proves that this
cannot be the pnnapal cause of the world cnisis  The
shortage of gold 1n the debtor countries due to repara-
tions can at most serve as an '.\rgumcnt fOl’ Pu!uﬂg an
end to these payments, 1t cannot be dragged m as an
c'cplamug’ 5t the world cnisw

* (3) Erection of new tanff-walli  Increase i the unpro-
ductive burden of armaments  Pohtical msecunty owmg to
latent danger of war Al chese things add considerably
to the troubles of Europe but do not.matenally affece
Amenca  The appearance of the cnsis in America
shows that they cannot be 1ts principal causes

{3) The drappmg—out of the two pouers, China and
Russia Thas blow to world trade also does not touch
Amenca very pearly and therefore cannot be a prinaipal -
cause of the cnsis
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(5) The econonnc rise of the lower classes since the Wer
Thas, supposing 1t to be 2 realicy, could only produce 2
scarcity of goods, not an excesstve supply

I will not weary the reader by enumeranng fusdier
contentions which do not seem to me to get to the heart
of the matter  Of one thing I feel certam  this same
technical progrress which, n stself, mught relicve mankind
of a great part of the labour necessary to 1ts subsistence,
15 the mam cause of our present troubles Hence there
are those who would 1n all sertousness forbid the mntro-
duction of technical mprovements This 15 obviously
absurd But how can we find a more rational way out
of our dilemmaz

If we could somehow manage to prevent the pur-
chasing-power of the masses, measured mn terms ©
goods, from smking below a certan minimum, stop-
pages 1n the industrial cycle such as we are experienang
to-day would be rendered impossible

The Iogically simplest but also most daring method
of achieving this 15 a completely planned economy, 1n
which consumption-goods are produced and dustrsbuted
by the commumity That, 1n essentals, 15 what 15 being
attempted 1n Russia to-day Much will depend on
what results this mughty expenment produces To
hazard a prophecy here would be presumption Can
goods be produced as cconomically under such 2
system as under onc which leaves more freedom to
wdividual enterpriset Can this system mantam 1eself
at all without the terror that has so far accompamed
1r, which none of us “westerners” would care to let
lumself 1n for? Does not such a ngid, centralsed
system tend towards protecuon and hosnlity o ad-
vantageous snmovations: We must ke care, how-
ever, not 1o allow these suspicions to bécome pre-
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judices which prevent us from forming an objective
judgment. . .

My personal opinion Is that those methods arc
preferable which respect existing traditions and habits
50 far as that is in any way compatible with the end in
view. Nor do I believe that a sudden transference of
the control of industry to the hands of the public
would be beneficial from the point of view of pro-
duction; private enterprise should be left its sphere of
activity, in so far as it has not already been eliminated
by industry jtself in the form of cartelisation.

There are, however, two respects in which this
economic-freedom ought to be limited. In cach branch
of industry the number of working hours per week
ought so to be reduced by law that unemployment is
systematically abolished. At the same time minimum
wages must be fixed in such a way that the purchasing
power of the workers keeps pace with production.

Further, in those industries which have become
monopolistic in character through organisation on the
part of the producers, prices must be controlled by the
state in order 1o keep the creation of new capial within
reasonable bounds and prevent the artiﬁaantrmglmg
of production and consumption.

In this way it nught perhaps be possible to establish
a proper balance between production and consumption
without too great a limutanon of free enterprise and
at the same time o stop the 1ntolerable tyranny of the
owners of the means of production (land, machinery)

over the wage-camers, in the widest sense of the term;
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Culture and Prosperity

If one would estimate the damage done by the great
polical catastrophe to the development of human
avilisation, one must remember that culture 1 16
higher forms 15 a_dehicate plant which depends on 2
complicated set of condions and 15 wont o founsh
only n a few places atany given ume. Foritto blossom
there 1s needed, first of all, a certamn degree of prospenity,
which enables a fraction of the population to work 3t
things not durectly necessary to the mamntenance O
life, secondly, 2 moral tradition of respect for cull
values and achievements, m virtue of wiich this class
15 provided with the means of bving by the other
classes, those who provide the ymmediate necessiacs
of ife

During the past century Germany has been one of
the countrics m which both conditions were fulfilled
The prospenty was, tahen as a whole, modest but
sufficient, the tradinion of respect for culture vigorous
On this basis the German nanon has brought forth
fruits of culture which form an ntegral part of the
development of the modern world The tradition, 11
the matn, soll stands, the prospenty 15 gone The
industries of the country have been cut off almost
completely from the sources of raw matenals on
which the existence of the industmal parc of the
population was based  The surplus necessary to support
the mtellectual worker has suddenly ceased to exst
With 1t the tradinon which depends on 1e will evitably
collapse also, and a frutful nursery of culmure tum ©
wilderness

“The human race,1n so far as 1t sets avalue on culrure,
has an interest i prevenung such mpoverishment
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Tt will give what help it can in the immeduate crisis
and reawaken that higher community of feeling, now
thrust mto the background by natiomal egotism, for
which human values have a vahdiry independent of
polusics and frontiers It will then procure for every
nation conditions of work under which 1t can exist and
under which it can bring forth fruits of culture.

Production and Purchasing Potwer

I do not believe that the remedy for our present
difficulties hes in a knowledge of productive capacity
and consumption, because this knowledge 15 likely, n
the main, to come too late. Marcover the trouble m
Germany scenss to me to be not hypertrophy of the
machinery of production but deficient purchasing power
in a large section of the population, which has been
cast out of the producttve process through rauonal-
1satton

The gold standard has, n my opinton, the sertous
disadvantage that a shortage n the supply of gold
automatically leads to a contraction of credit and also
of the amount of currency m arculation, to which
contraction prices and wages cannot adjust themselves

.sufficently ‘quickly.- The natural remedies for our
troubles are, in my opnton, as follows —

(1) A.statutory reduction of working hours, gradu-
ated for cach deparement of industry, m order to get
nd of unemployment, combmed with the fixing of
minimum wages for the purpose of adjusting the
purchasing-power of the masses to the amount of goods
available,

(2) Control of the amount of money 1 arculat
and of the volume of credit m such a )\’vny as to klc:l;:
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the price-level steady, all special protecoon bem,
abolished .

(3) Statutory hmutation of prices for such arucles
as have been pracucally withdrawn from free com-
peation by monopolies or the formation of cartels

Production and Work
An answer to Cederstrom

Dear Herr Cederstrom,

Thank you for sendmg me your proposals, which
wnterest me very much Having mvself given so muc
thought to this subjece I feel that 1t 1s right that I should
give you my perfectly frank opien on them

The fundamental trouble seems to me to be the
almost unlimited freedom of the labour market com~
bined with extraordmary progress m the methods of
production  To satsfy the needs of the world to-day
nothmg like all the avatlable labour 15 wanted The
result 15 unemployment and excesstve compenaoen
among the workers, both of which reduce purchasing
power and put the whole economuc system wntolerably
out of gear

I know Liberal economusts mamtamn that every
economy mn labour 1s counterbalanced by an wcreas
mn demand  But, to begin wich, I don’t belicve 16
and even 1f 1t were true, the above-menuoned factors
would always operate to force the standard of living
of a large pornon of the human race down to an
unnaturally fow level

I also share your convicuon that steps absolutely
must be taken to make 1t possible and necessary for the
younger people to take part in the productive process
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Further, that the older people ought to be cxcludcx'i.
from certain sorts of work (which 1 call *“unqualified
work), receiving instead a certain income, as having
by that time done enough work of a kind accepted by
society as productive.

100 am in favour of abolishing large cities, but not -

of settling people of a particular type, e.g+ old people,
in particular towns. Frankly, the idea strikes me as
horrible. 1 am also of opinion that flucsuations in the
value of money must be avoided, by substituting for
the gold standard a standard based on certain classes of
goods selected according to the conditions of con-
sumption—as Keynes, if | am not mistaken, long ago
propoesed. With the introduction of this system one
* might comsent to a certain amoune of “inflanon,” as
compared with the present monetary situation, if one
could believe that the state would really make a rational
use of the windfall thus accrumng to 1t.
. The weaknesses of your plan lie, so 1t seems to me,
in the sphere of psychology, or rather, in your neglect
-of it It is no accident that capitalism has brought with
3t progress not merely in production but also in know-
ledge. Egoism and competnon are, alas, stronger
iforces r.ha.fx public spirt and sense of duty. In Russia,
they say, it is impossible to get a decent ptece of bread.
+ « + Pethaps T am over-pessimistic concerning state
and other forms of communal enterprise, but I expect
hitle good from them. Bureaucracy is the death of all
s(;)un&i work. 1 have seen and experienced too many
S‘\iﬁ:ﬂi% m\(\;‘anungs. even in comparatively model
1am inclined to the view that the state can only be
of real use to industry as a limiting and reguladive ercc.
Tt must sec to it that competition among the workers
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is Lept within healthy limits, that all children are give:
a chance to develop soundly, and that wages are hig]
enough for the goods produced to be consumed. Bu
it can exert a decisive influence through its regulaiv
function if—and there again you are right—its measure:
are framed in an objective spirit by independent experrs

I would Lke to write to you at greater length, but
cannot find the time.

.

Minorities

It seems to be a universal fact that minorities—
especally when the individuals composing them are_
distinguished by physical peculiarides—are treated _by
the majonities among whom they live as an inferiof
order of beings ‘The tragedy of such a fatc hes not
merely in the unfair treatment to which these minorities
are automanically subjected in social and économic *
matters, but also 1n the fact that under the suggestvt
influence of the majonty most of the victims themsclve
succumb to the same prejudice and regard their brethres
as infenor beings. This second and greater pare of th
evil can be overcome by closer combination an
deliberate educanon of the mnority, whose spiritu
lLiberation can thus be accomplished.

The efforts of the American negroes in th
dl{ccﬂon are deserving of all commendation an¢
assistance.

Okbservations on the Present Situation in Europe

The distinguishing feature of the present poliric
situation of the world, and i particular of £um(':)
scems to me to be this, that pohtical development iy
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Mamfesto

AS long as I have any choice, T will only stay m 2
country where pohncal berty, toleration, and
cquality of all czens before the law are the rule
Polutrcal Iiberty implies hiberty to express one’s pohncal
views orally and 1 wnang, toleration, respect for
any and every individual opinion

These condions do not obtam m Germany at the
present ume Those who have done most for the cause
of mternational understanding, among them some of
the leading aruists, are being persecuted there

Any soaal orgamism can become psychically dis-
tempered just as any mdividual can, especially 1n times
of difficulty Natons usually survive these distempers
I hope that healthy condiions wall soon supervene m
Germany and that 1n future her great men hike Kant
and Gocthe will not merely be commemorated from
tme to time but that the prnciples which they meyl-
cated will also prevail i public hife and 1n the general
€onsclousness

March, 1933

Correspondence with the Prussian Academy of Seiences

The following correspondence 1s here published for the first

tume 1n 1ts authentic and complete form  Th
¢ version
n German newspapers published

was for the most pare mne
OrTY -
poriant sentences being ormtted P o 1m

The Academy”
Emstcu? emy’s declaration of Apnl 15, 1933, aganst
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The Prussian Academy of Scences heard with
indignaton from the newspapers of Albere Emsten’s
partiqpation 1 atrocity-mongenng . France and
Amenca It immediately demanded an explananon
In the meanume Finstein has announced his withdrawal
from the Academy, giving as his reason that he cannot
continue to serve the Prussan state under s present
government  Bemg 1 Swiss anzen he also, 1t scems
wmntends to resign the Prussan nanonahey which he
acquired 1 1913 simply by becomms 2 full member
of the Acadenmy

The Prussan Academy of Sciences 15 parucularly
distressed by Emstem’s actvines as an aguator in
foregn countries, as 1 and 15 members have always
fele chemsehes bound by the closest nes to the Prussian
state and, while abstaung stneth from all pohocal
partisanship, have always stressed and remamed fahful
to the nattonal 1dea It has therefore, no reason 10
regrer Emstemn s withdrawal
Prof Dr Emst Heymann

Perpetual Secretary

Le Cog near Ostende Apnl sth 1933

To the Prussian Academy of Sciences

1 have recerved nformation from a thoronghlt
reliable source that the Academy of Scences his spoken
1n an offical statement ot Einstem s parncipanon 11
atrocity-mongering 1 Amenca and France

1 hereby declare that I have never taken any part 1
atroary mongenng and 1 must add that T have seen
nothing of any such mongeang anywhere In general
people have contented themsches with reproduang
and commenting on the official statements and orders
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of responsible members of the German government,
together with the programme for the annhilation of
the German Jews by economic methods
The statements I have 1ssued to the Press were con-
cerned with my intention to resign my position 1n the
Academy and renounce my Prussian anzenship, I gave
as my reason for these steps that I did not wish to live
in a country where the mdividual does not enjoy
equality before the law and freedom to say and teach
\\?}ut he hikes
Further, I descnibed the present state of affars 1n
Germany as a state of psychic distemper in the masses
and also made some remarks about 1ts causes
In 2 wtten document which I allowed the Inter-
national League for combaung Ant-Seminsm to make
use of for the purpose of enlisting support and which
was not mtended for the Press at all, [ also called upon
all sensible people, who are sull faithful to the 1deals
of a avilisation mn penl, to do their utmost to prevent
this mass-psychosis, which 15 extubiting 1eself m such
ternble symptoms 1n Germany to-day, from spreading
further
It would have been an easy matter for the Academy
to get hold of a correct version of my words before
wsuing the sort of statement about me that st has  The
German Press has reproduced a deliberately distoreed
version of my words, as indeed was only to be expected
with the Press muzzled as 1t 15 to-day
lam ready to stand by every word I have published
In retum, T expect the Academy to communicate thys
statement of mune to 1ts members and also 1o the

Geeman public before which I have been sland
especully as 1t b 1f e,
fepea d{n Pub]x:s wself had 2 hand slandenng me
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. The Aéademy’: answer of April 11th, 1933

The Academy would like to point out that its state-
nient of April 1st, 1933, was based not merely on Ger-
man but principally on foreign, particularly French and
Belgian, newspaper reports which Herr Einstein has
not contradicted ; in addition, it had before it his much-
canvassed statement to the League for combating
anti-Semitism, in which he deplores Germany's telapse
into the barbarism of long-passed ages. Moreover, the
Academy has reason to know that Herr Einstein, who
according to his own statement has taken no part in
atrocity-mongering, has at least done nothing to
counteract unjust suspicions and slanders, which, in the
opinion of the Academy, it was his duty 3s one of its
senmor members to do. -Instead of that Herr Einstein
has made statements, and in foreign countries at that,
such as, coming from a man of world-wide reputadon,
were bound td be eaploited and abused by the enemies
not metely of the present German government but ©
the whole German people.

For the Prussian Academy of Sciences,
(Signed) H. von Ficker,
E. Heymann, |
Perpetual Secretarics.

Berlin, April 7ih, 1933
The Prussian Academy of Sciences,
Professor Albert Enstein, Leyden,
¢fo Prof Ehrenfest, Witte Rasenstr.

Dear Sir, © .

As the present Principal Scerctary of the Prussian
Academy I beg to acknowledge the receipt of your
. 5 -
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communication dated March 28th anéuncing your
resignation of your membership of the Academy. The
Academy took cognizance of your resignaton in its
plenary session of March 3oth, 1933.

‘While the Academy profoundly regrets the tumn -
events have taken, this regret is inspired by the thought
that a man of the highest scientific authority, whom
many years of work among Germans and many years
of membership of our society must have made famitiar
with the German character and German habits of
thoughe, shotld have chosen this moment to associate
himself with a body of people abroad who—partly no
doubt through ignorance of actual tonditions and
events—have done much damage to our German
people by disseminating erroneous views and un-
founded rumonrs. We had confidendy expected that
one who had belonged to our Academy for so long
would have ranged himself, irrespective of his own
political sympathies, on the side of the defenders of
-our nation against the flood of lies which has been let
loose upon it. In these days of mud-shinging, some of
it vile, some of it ndiculowus, a good word for the

* German people from you in particular might have
produced a great effect, especially abroad. Instead of
which your testimony has served as a handle o the
enemics not merely of the present Government but
of the German people. This has come as a bitter and
grievous disappointment to us, which would no doubt
have led inevitably to a parting of the ways even if we -
had not receved your resignatior. .

Yours faichfully,

(signed) von Ficker,
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Le Cog-sur-Mer, Belgm,
Apnil 12th, 1933

To the Prussian Academy of Sciences, Berlin

I have recaved your commumcation of the 7th
wnstant and deeply deplore the mental atnrude displayed
mat
As regards the fact, I can only reply as follows —
What you say about my behaviour 1, at botrom,
merely another form of the statement you have already
published, 1n which you accuse me of having taken
part 1n atrocity-mongenng agamst the German naton
I have already, m my lust lewter, charactensed this
accusation as slanderous

You have also remarked that 2 “good word” on my
part for “the German people” would have produced 3
great effect abroad  To thss T must reply that such a
testimony as you suggest would have been equvalent
to a repudianion of all those notions of justice and
liberty for which I have all my hfe stood Such 2
tesumony would not be, as you put 1t, 2 good word
for the German nation, on the contrary, 1t would only
have helped the cause of those who are seching t©
undermne the 1deas and prnnaples which have won
for the German nation a place of honour i the avibis
world By giving such a teshmony 1n the present
arcumstances I should have been contnbutng, even @
only mdirectly, to the barbansanon of manners and
the destruction of all exsting cultural values

It was for thus reason that I felt compelled o resign
from the Academy, and your letter only shows me how
night I was to do so
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Munich, April 8¢h, 1933
From the Bavarian Academy of Sciences
to Professor Albert Einstein.

Sir, .
In your letter to the Prussian Academy of Sciences
you have given the present state of affairs in Germany
as the feason for your resignation. The Bavarian
Academy of Sciences, which some years ago elected
you a corresponding member, is alfo a German
Academy, closely allied to the Prussian and otlier
German Academies; hence your withdrawal from
the Prussian Academy of Sciences is bound to affect
your relations with our Academy. i

‘We must therefore ask you how you envisage your
relations with our Academy after what has passed
between yourself and the Prussian Academy.

The President of the Bavarian Academy of Sciences.

Le Coq-sur-Merx, April 2151, 1933
To the Bavarian Academy of Sciences, Munich.

1 have given it as the reason for my resignation from
the Prussian Academy that in the present dircumstances
1 have no wish cither to be a German dtizen or to
temain in a positon of quasi-dependence on the
Prussian Ministry of Education.

These reasons would not, in themselves, involve
the severing of my relations with the Bavarian Academy.
If T nevertheless desire my name to be removed from
th?r I}in of mcmb;rs, it is for a different reason.

¢ primary duty of an Academy is ¢
and protect the scientific life of a couzm'y. %ﬁ:ﬁ:ﬁgg
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societes of Germany have, however—to the best of
knowledge—stood by and sud nothung while a not
mconsiderable proportion of German savants and
students, and aﬁo of professional men of unnemty
education, have been deprived of all chance of getung
employment or earmng their livings 1n Genmany
would rather not belong to any soctety which behaves
1n such 2 manner, even if 1t docs so under external
pressure

A Reply
The following lines are Einstemn s answer to an insitato 10

assoctate himself with a French manifesto aganst Anu-Senunsm
m Germany

I have considered this most ymporant proposal,
which has a bearing on several dungs that [ have nearly
at heart, carefully from every angle As a resule L have
come to the conclusion that I cannot take a perso
partinthisextremely important affarr, for tworeasons —

In the first place [ am, afier all, sull a German anzen,
and m the sccond Iam a Jew  As regards the first pomnt
¥ must add that I have worked i German msuruons
and hasc always been treated wath full confidence 1n
Germany  However deeply 1 miay regree the dhngs
that arc bemg donc there, howerer stongly 1 am
bound to condemn the ternble mustakes thar are ben
made with the approval of the government, 1t 33
1mpossible for me to take part personally 1n an enter-
prse set on foot by responsible members of a foragn
government  In order that you may apprecrate (%
fully, suppose that 2 French anzen in a smore or lest
ngo ous situanon hld got up a pro(tsl ﬂgﬁlﬂi‘ d‘f
French government’s action 31 comjunction WiZ
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promunent German statesmen  Even if you fully
admitted that the protest was amply warranted by the
facts, you would sull, T expect, regard the behaviour
of your fellow-ciizen as an act of treachery If Zola
had felt 1t necessary to leave France at the time of the
Dreyfus case, he would sull certainty not have assocated
himself with a protest by German official personages,
howeer much he migh have approved of their action
He would have confined himself to—blushing for hus
countrymen. In the second place, a protest agamst
wjustce and violence 15 incomparably more valuable
if 1t comes entirely from people who have been
prompted to 1t purely by senuments of humamey and
alove of justice” This cannot be said of a man like me,
a Jew who regards other Jews as his brothers  For him,
an wjustice done to the Jews 1s the same as an myustce
done to himself He must not be the judge i his own
case, but wait for the judgment of impartial outsiders -
These are my reasons  But I should ltke to add that
I have always honoured and admured that highly

developed sense of yustice which 1s one of the noblest
features of the French tradion
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Jewsh Ideals

THE pursuit of knowledge for 1ts own sake, an
almost fanancal love of Justice, and the desue for
personal independence—these are the features of the
Jewssh tradinon which make me thank my stars that
1 belong to 1t

Those who are raging to-day agamst the ideals of
reason and indrvidual liberty, and are trying to establish
a spuntless state-slavery by brute force nghtly see m us
their ireconalable foes  History has given us a difficule
row to hoe, but so long as we remam devoted servants
of truth, jusace and liberty, we shall contnue not
mercly to survive as the oldest of living peoples,
but by creanve work to brng forth fruts which con-

tobute to the ennoblement of the human race, as
heretofore

Is there a Jewnsh pownt of view ?

In the philosophical sense there 15, 1 mv opion,
no speafically Jewssh outlook  Judasm scems o
me to be concemed almost exclusvely wath the moral
atatude 1 bife and to bfe T look upon 1t as the essence
of an aturude to ife which 15 incamate 1n the Jewwsh

people rather than the essence of the laws luyd dow
w the Thor and wrerprered i the Tal ‘
the Thora and the Talrrnpud are mere] o e,

y the most import-
ant evidence for the manner m o

concepnon of hfe held sway in carh‘:rh::\;hc Jewash
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The essence of chat cqncé'puo;/ﬁ;x:ém me to le
in an affirmaave atnrude~<=the hfe of all ercauon
The life of the md.vadual ¥ky has meanmng 1 so far
as 1t ards 30 makang the life of every hving thing nobler
ar' e beaunful Life 1s sacred—that 15 to say, 1t

the supreme value, to which all other values are
subordinate  The hallowmng of the supra-mdmndusl
Lfe bnngs 1 1ts"tramn a reverence for everydung
spurntual—a  particularly charactensuc fearure of the
Jewish tradinon

Judasm 15 not a creed  the Jewnsh God 1s simply 2
negation of supersuoon, an mmagmary resule of its
chimmation It 15 also 2n attempt to base the moral law
on fear, a regrettable and discreditable attempe Yet 1t
seems to me that the strong moral tradinon of the
Jewssh nanon has to a large extent shaken sself free
from dis fear It 1s clear also that “serving God * was
equated with “serving the Ining " The best of the
Jewsh people, especually the Prophets and Jesus con-
tended arelessly fgr this

Judaism 15 thus no transcendental religton, 1c 15 con-
cerned with Iife as we hve st and can up to a pomt grasp
1, and nothing else It scems to me, therefore, doubtful
whether 1t can be called a religion 1 the accepted sense
of the word, partcularly as no J*futh” but the sancu-
g‘mnan of ife 1 a supra-personal sense 15 demanded of

e Jew

But the Jewssh traditon also contuns something
else, somethung which finds splendid expression mn
many of the Psalms namely, a sort of ntoxscated j0)
and amazement ar the beaury and grandeur of ths
world, of which man can just form a funt nouon
It 15 the fechng from which true sarnnfic research
draws 1ts spintual sustenanee, but which alio seemu to
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find expression 1n the song of burds To tack this on
to the 1dea of God seems mere childish absurdiy

Ts what 1 have descnibed a disungmshing mark of
Judassmz Ts 1t to be found anywhere else under another
name? In 1ts pure form, nowhere, not even m Judaism,
where the pure doctrne 15 obscured by much worship
of theletter  Yer Judaism seems to me one of 1ts purest
and most vigorous mamfestauons This apples paru-
a?arly to the fundamental prinaple of the sancnfication
of Iife

It 15 charactensstic that the smmals were expressty
mncluded 1w the command to keep holy the Sabbath
day, so strong was the feelng that the sdeal demands
the solidanty of all hving thungs The msistence on
the sobdanty of all human beings finds soll stronger
expression, and 1t 1s no mere chance that the demands
of Socialism were for the most part first rased by Jews

How strongly developed this sense of the sanctty of
bife 15 1n the Jewsh people 15 admurably lustrated by a
btde remark which Walter Rathenau once made to
me tn conversaton  “Wlen a Jew says that he's gomg

huntng to amuse himself, he hes™ The Jewish sense
of the sancn

£ lfe could b
ol ty of hfe could not be more simply

Jewssh Youth
An Ausuer to a Questionnaire
It 1¢ 1mportant that the young sh
g should be induced
take an interest 1n Jewish questrons and dlfﬁcultlxl:: a::i
you deserve gratieude for des oung yourself 1o this task
i your paper  This 15 of moment not merely for the

desuny of the Jews, whose welfa

\ re d

scking together and helping each oxhc:r},)cgtxdtf :\?c:h a;ls
9
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above that, for the cultvaton of the iternauonal
spint, which 15 1 danger everywhere to-day from a
narrow-mnded nationalism  Here, since the days of
the Prophets, one of the fairest fields of acuwity has
lan open to our nation, scattered as 1t 15 over the &
and only united by 2 common tradition

Addresses on Reconstruiction i Palestine

1

when 1 first had the pleasure of
£ the Zsomst cause, almost
tre To-day

Ten years ago,
addressing you on behalf o
all our hopes were sull fixed on the fu
we can look back on these ten years with joy, for
that nime the united energies of the Jewnsh people have
accomplished a splendid prece of successful construcuve
work 1n Palestne, which certamly exceeds anything
that we dared to hope then

We have also successfully stood the severe test t0
which the events of the last few years have subject
us Ceaseless worh, supported by a noble purposc 1
leading slowly but surely to success The latest pro~
nouncements of the Briush government indicate 3
retum to 2 juster judgment of our case, this we recog”

mse with grautude

But we must never forget what this crisis has taughe
us—namely, that the ecstablishment of sausfactory
relanons between the Jews and the Arabs 15 not
England’s affur but ours Wethat 15 to say, the
Arabs and oursclves—have got to agree on the mam
outlines of an advantageous partnership which shall
satisfy the needs of both-nations A just solution of this
prnb?::m and one worthy of both nanons 1s an end no
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less smportant and no less worthy of our cflorts than
the promotion of the work of construcuon 1tself,
Remember that Switzerland represents a hugher stage
of pohtcal development than any national state,
pretusely because of the .greater politzcal problems
which had to be solved before a stable commumty
could be bult up out of groups of different nationalicy

Mauch remains to be done, but ane at least of Herzl's
asms has already been realised - 1ts task m Palesune has
given the Jewssh people an astonsshing degree of
sohdanity and the opumism without which no organism
can Jead a healthy hfe

Anything we may do for the common purpose 15
done not merely for our brothess i Palesune but for
the well-being and honour of the whole Jewrsh peaple

n

We are assembled to-day for the purpose of calling
to mund our age-old community, 1ts desony and 1ts
problems It 1s a communsty of moral tradinon, which
has always shown 1ts strength and vitality m numes of
stress  In all ages 1t has produced men who embodied
the consaence of the' western world, defenders of human
digmty and jusuce .

So long as we ourselves care about this community
1t will conunue to exist to the benefit of mankind, m
spite of the fact that 1t possesses no self-contamed
orgamsation A decade or two ago a group of far-
sghted men, among whom Herzl of immortal memo
stood out abose the rest, came to the conclusion th?;
we needed a spinmnal centre 1 order to preserve our
sense of sobdanty n difficult nmes  Thus arose th
rdea of Ziomsm and the work of settlement 1 y

. n Palestine,
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the successful reahsation of which we have been per-
nmutted to witness, at least n 1s hughly promuing
beginnings

I have had the privilege of seemng, to my great joy
and satsfacton, how much this achievement has
contributed to the recovery of the Jewash people, which
is exposed, as a mumonty among the natons, not
merely to external dangers but also to mternal ones of
a psy chologcal nature

The crisis which the work of construction has had to
face mn the last few years has Jan heavy upon us and 15
not yet completely surmounted But the most recent
repotts show that the world, and especially the Briash
government, 1s disposed to recognise the great things
which lie belund our struggle for the Zioruse tdeal
Let us at this moment remember with gratude our
leader Werzmann, whose zeal and circumspection have
helped the good cause to success

The difficulies we have been through have also
brought some good 1n their ran  They have shown us
once morc how strong the bond 1s wiich umites the
Jews of all countries 1n 2 common desuny The crsis
has also punified our atutude to the quesnon of Palesane,
purged 1t of the dross of nanonahsm It has been clearly
proclaimed that we are not secking to create 2 polineal
society, but that our a1m 15, 1n accordance with the old
tradition of Jewry, a cultural one 1n the wadest sense ©
the word That bemg so, 1t 1s for us to solv¢ the problem
of hving side by side with our brother the Arab i an
open, generous and worthy manner  We have here an.
opportunzty of showang what we have learnt 1n the
thousands of years of pur martyrdom  If we choose the
nghe path we shall suceeed and give dhe rest of the
wotld a fine example
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Whatever we do for Palestine we do it for the honous
and well-being of the whole Jewish people.

ut

1 am delighted to have the opportunity of addr?ssmg
a few words to the youth of this country which s
faithfid to the common aims of Jewry. Do not lgc
discouraged by the difficulties which confront us in
Palestine, Such things serve to test the will to live of
our community.

Certain proceedings and pronouncements of the
English administration have been justly cridcised. We
must not, however, Jeave it at that but learn by experi-
ence.

We need to pay great attention to our relations with

.the Arabs. By cultivating these carefully we shall be
able in future to prevent things from becoming so
dangerously strained that people can take advantage
of them to provoke acts of hostlity. This goal is
perfectly within our reach, because our work of con-
struction has been, and must continue to be, carried
out in such 2 manner a3 1o serve the real interests of the
Axsb population also.

In this way we shall be able to avoid getting ourselves
quite so often into the position, disagreeable for Jews
and Arabs alike, of having to call in the mandatory
power as atbitrator. We shall thereby be following not
merely the dictates of Providence but also ourtraditions,
which alone give the Jewish community meaning and
stabiliry. For that community is not, and must never
become, 2 political one; this is the only permanent
source whence it can draw new strength ans the only
ground on which is existence can be justified.
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w

For the last two thousand years the common property
of the Jewish people has consisted entirely of its past.
Scattered over the wide world, our nation possessc
nothing in common except its carcfully guarded
tradicon. Individual Jews no doube produced great
work, but it sccmed as 1f the Jewish people as 2 whole
Had not the sterigth left for great collectve achicve-
ments.

Now all ¢hat is changed. History has set us a great
and noble task in the shape of acave co-oicmion in
the building up of Palesane. Eminent members of our
race are already at work with all ther mught on the
realisation of thus aim  The opportunity is present
to us of setting up centres of avilisaton which the
whole Jewish people can regard as 1ts work. We nurse
the hope of erectng 1n Palestine a home of our own
naonal culeure which shall help to awaken the neaf
East to new econonuc and spitual life

The object which the leaders of Zionism have it
view 15 not a poliucal but a socal and rural
one The community 1n Palestine must approach the
socual deal of our forefathers as 1t 15 lud down in the
Bible, and at the same time become,a seat of modemn
mtellectual Life, a spiniwal centre for the Jews of the
whole world In accordance with this notion, the
establishinent of a Jewsh university i Jerusalem con
sttutes one of the most 1mportant aims of the Zsonist
Olgﬂnlslﬂon

Dunng the last few months I have been to Amenc
mn order to help to rasse the matenal basis for this
umwversity there. The success of this enterprise was quite
natural. ‘Thanks to the untiring energy and splend1
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selfsacrificing spitit of the Jewish doctors in America
we have succeeded in collecting enough money for the
" creation of a medical faculty, and the preliminary work
is being statted at once. After this success I have no
doubt that the material basis for the other faculties
will soon be forthcoming. The medical faculy is first
of all to be developed 25 a research institute and to
concentrate on making the country healthy, a most .
important jtem in the work of development.” Teaching
on a large scale will only become important later on.
As a number of highly competent scientific workers
have already signified their readiness to take wup
appointments at the university, the establishment of a'
medical faculty scems to be placed beyond all doubt.
I may add that a special fund for the university, entirely
distinct from the general fund for the development of
the country, has been opened. For the latter consider~
able sums have been collected during these months in
America, thanks to the indefatigable labours of Pro-
fessor Weizmann and other Zionist leaders, chiefly
through the selfsacrificing spirit of the middle classes,
Tconclude with 2 warm appeal to the Jews in Germany
to contribute all they can, in spite of the present eco-
nomic difficaldes, for the building up of the Jewish
home in Palesting. This is not a matter of charity but

an enterprise which concerns all Jews and the success
of which promises to be a source of the highest satis-
faction to all.

.

. v
For us Jews Palestine is not

cmcrirke, bur a problem o
s peo;

justa charicable or colonial
Jewi ple. Palestine

of central importance for the
l1;5mn‘ primarily 2 place of



THE WORLD AS 1 SEE IT

refuge for the Jews of Eastern Europe but the embod:-
ment of the re-awakening corporate spirit of the whole
Jewnsh nanon  Is 1¢ the nght moment for dus corporate
sense to be awakened and strengthened? This 15 3
question to which I feel compelled, not merely by my
spontaneous feelings but on ranonal grounds, to return
an unqualified “yes”

Let us Just cast our eyes over the hstory of the Jews
in Germany dunng the past hundred years A century
ago our forefathers, with few exceptions, lved the
ghetto  They were poor, withour polincal nghts,
separated from the Genules by a bamer of rebgious
tradicons, habis of Iife and legal resmcaons, their
wntellectnal development was restncted o therr own
Literature, and they had remamned almost unaffected by
the mghty advance of the European ntellect which
dates from the Renaissance And yet these obscur,
humble people had one great advantage over us €
of them belonged 1 every fibre of his bemg to a com=
munity n which he was completely absorbed, 1n which
he felt himself a fully prvileged member, and which
demanded nothing of him that was contraty to
natural habuts of thought Our forefathers in those days
were pretty poor specimens mtellectually and hystcally,
but socaally speaking they enjoyed an enviable spint:
equilibnum

Then came emancipaton, which suddenly °P‘”°d
up undreamed-of possibilities to the individual  Some
few rapdly made a posinon for themselves 1n the
Iugher walks of business and socual hfe  They greedily
lapped up the splendid tnumphs which the art and
saence of the western world had aclieved They
Jomed m the process with burning enthusiasm, them=
selves makmg coneriburions of lastng value At the
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same ume they 1mtated the external fo{ms of Gentile
life, departed more and more from theit rehgious and
social traditions, and adopted Genrile customms, manners
and habits of thought 1t seemed as though they were
completely losing their 1denuty 1n the supenor numbers
and more highly organised culture of the nattons
among whom they lned, so that 1n a few generations
there would be no trace of them left A complete dis-
appearance of Jewsh nationalicy n Central and Western
Europe seemed mevitable
But events tumed out otherwise Nationalities of
different race seem to have an mstnct which prevents
them from fosmg  However much the Jews adapted
themselves, i language, manners and to a great extent
even m the forms of religion, to the European peoples
among whom they hved, the feeling of strangeness
between the Jews and their hosts never disappeared
This spontaneous feeling 15 the ultimate cause of ant-
Serminsm, which 15 therefore not to be got nd of by
well-meaning propaganda  Nationalities want to pur-
sue their own path, not to blend A satsfactory state of
affaurs can only be brought about by mutual roleranon
and respect
The first step 1n that directon 15 that we Jews should
once mote become conscious of our exustence as 2
yatonality and regan the self-respect that 1s necessary
to a healthy exastence We must learn once more to
glory m our ancestors and our hustory and once agam
take upon ourselves, as a nauon, cultral rasks of a sort
calaulated to strengthen our sense of the commumty.
It 15 not enough for us o play a part as mdividuals 1
kc culeural development of the human Tace, We must
acof tackle tasks which only nanons as a whole can
petiorm 9“‘)’ so can the Jews regan socsl health
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It 1s from this pomnt of view that I would have you
look at the Ziomst movement To-day hustory has
assigned to us the task of taking an acuve part i the
economic and culeural reconserucuon of our nmatve
land  Enthusiasts, men of bnlhant gifts, have cleared
the way, and many excellent members of our race are
prepared o devore themselves heart and soul to fhe
cause May cvery one of them fully realsse the import-
ance of thrs work and contribute, according to s
powers, to its success!

The Jewssh Communty
A speech n London

Ladtes and Gentlemen,

It 1s no easy matter for me to overcome my natural
mclinagon to a hfe of quer contemplanon  Bur 1
could not reman deaf to the appeal of the O R.T and
O Z E soaenes?, for m respondmg to 1t 1 am respond-
g, as 1t were, to the appeal of our sorely opptcssfd
Jewish naton

The posinon of our scattered Jewish community
a moral barometer for the poliucal world For what
surer index of pohtical morality and respect for yusuce

can there be than the attitude of the nanons towards 3
* defenceless munonty, whose pecuhany bLes m their
preservation of an ancient cultural tradiron?

This barometer 1s low at the present moment, 3s W€
are panfully aware from the way we are treated  But
1t 1s this very lowness that confirms me i the comvicnon
that 1t 15 our duty to preserve and consolidate our
communiry Embedded in the gadinon of the Jewnsh

* Jew sh chantable sssocsmons
10% -
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people there 15 a Jove of Justice and reason which must
conunue to work for the good of all nagons now and
in the future In modern times this tradinon has pro-
duced Spinoza and Xarl Marx
Those who would preserve the spint must also look
after the body to which 1t 15 attached The OZE
sétiety literally looks after the bodies of our people
In Eastern Europe 1t 1s working day and mghe to help
our people there, on whom the economic depression
has feallcn partcularly heanily, to keep body and soul
together, while the O R'T socety 15 trying to get nd
of a severe social and cconomue handicap under which
the Jews have laboured since the Middle Ages Because
we were then excluded from all direcdy productive
occupations, we were forced imto the purely commercial
ones  The only way of really helpmg the Jew m
eastern countries 1s to prve him access to new fields of
actity, for which he 1s struggling all over the world
Ths 1s the grave problem which the O R.T society
15 successfully tackling
1t 15 to you English fellow-Jews that we now appeal
10 help us 1n dus gieat enterprise which splendid men
have set.on foor The last few years, nay, the last few
days have brought us 2 disappomntment which must
have touched you i partcular neally Do not gird
at fate but rather look on these events as a reason
for remaming wrue to the cause of the Jewssh com-

monwealth I am convinced that m downg that
we shill also mdire

ctly be promonng those general
human ends which we must always gx'ccogmst:gas the
highese
Remember that difficulties and obstacles are 2 valu~
able source of health and strength to any society  We
should not have survived for thousand; of years as a
109



THE WORLD AS I SEE IT

community 1f our bed had been of roses, of that [ am
quute sure
*" But we have a sull farer consolanon  Our frends
are not exactly numerous, but among them are men
of noble spinit and strong sense of jusace, who have
devoted ther lives to uplifing human soaety asd
liberaung the individual from degrading :ﬂprcmon
We are happy and fortunate to have such men from
the Gentile world among us to-nighe, their presence
lends an added solemnity to this memorable evening
It gives me great pleasure to see before me Bernar
Shaw and H G Wells, to whose view of Ihfe I am
particularly attracted
You, Mr Shaw, have succceded mn winmng the
affection and joyous admiration of the world whie
purswng a path that has led many others to 2 mmartyr's
crown  You have not merely preached moral sermons
to your fellows, you have actually mocked at things
which many of them held sacred  You have done what
only the born arnst can doFrom your magic box you
have produced mnumerable htde figures whuch, while
resembling human beings, are compact not of flesh and
blood but of bramns, wit and charm  And yet 13 w3y
they are more human than we ate ourselves, and on¢
almost forgets that they are creations not of nature but
of Bernard Shaw You make these charmune htde
figures dance 1 a munature world front of which
the Graces stand sentnel and permut no bitterness 0
enter  He who has looked nto this hede world secs
our acrual world 1 a new hght, ats puppets s
ate themsclves nto real people, makung them suddenl
look quite different By thus holding the mueror lc?" o
us all you have had a Lberanng efect on us such 23
hardly any other of our contemporanes has done and
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have relieved life of something of its carth-bound
Teaviness. For this we are all devoutly grateful to you,
and also torfate, which along with grievous plagues has
also given us the physician and liberator of cur souls,
I personally am also gratefil to you for the unforgettable
words which you have addressed to my mythical name-
sake who makes life so difficult for me, although he is
really, for all his clumsy, formidable size, quite 2 harm-
less fellow. .

To you all I say that the existence and destiny of our
people depends less on external factors than on oursclves
remaining faithful to the moral traditions which have
emabled us to survive for chousands of years despite the
heavy storms that have broken over our heads. In the
service of life sacrifice becomes grace,

Working Palestine

+ Among Zionist organisations “Waorking Palestine”
is the one whose work is of most direct benefit to the
most valuable class of people living there, namely those
who ate transforming deserss into fourishing setde-
ments by the labour of their hands. These workers are
aselection, made on a voluntary basis, from the whole
Jewish nation, an élite composed of strong, confident
and unselfish people. They are not ignorant labourers
who sell the labour of their hands to the highest bidder,
but educated, intellectually vigorous, free men, from
whose peaccful strugxglc with 2 neglected soil the whole
Jewish ration are the gainers, directly and indirectly,
By lightening theic heavy lot as for as we can we shall
@ saving the most valuable sort of human life; for the
first serdlery stmgg\cﬁén ground not yet made habitable
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is a difficult and dangerous business involving a heavy
personal sacrifice. How true this is, only they an
judge who have seen it wich their own eyes. Anyone
who helps to improve the equipment of these men i
Fielping on the good work at a crucial point. i
It is, mareover, this working class alone that has it
in its power to establish healthy relations with the
Arabs, which is the most important political task of
Zionism. Administrations come and £o; but it s
human relations that finally tumn the scale in the hves
. of nations. Therefore to support “Working Palestine
is at the same time to promote a humane and worthy
policy in Palestine and to oppose an effective resistanceto -
those undercurrents of narrow nationalism from whict
the whole political world, and in a less degree the sma
pohitical world of Palestine affairs, is suffering.

Jewish Recovery
ould

I gladly accede to your paper's request that I sh
address an appeal to the ]cwspof Hungary on behalf of
Keren Hajessod. * X

The greatest encmies of the national consciousness
and honour of the Jews arc fatty degeneration— Y
which T mean the unconscionablencss which comes
from wealth and ease—and a kind of inner dzrtnd“’“
on the surrounding Genule world which comes
from the looscning of the fabric of Jewish soacty.
The best 1n man can only flounsh when he loses himsclf
in 2 communty, Hence the moral danger of the Jew
who has lost touch with his own people and is regar
as a forcigner by the people of lus lcﬁapﬁun. Only t00
often 2 conrempuble and joyless egowm has resulre
from such - circumstances.” The weight of out®3
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appression on the Jewnsh people 15 particularly heavy at
the moment But this very bitterness has done us good
A revival of Jewish national ife, such as the last genera~
tion could never have dreamed of, has begun  Through
the operation of a newly awakened sense of solidanity
among the Jews, the scheme of colonsing Palesune,
launched by a handful of devoted and yudictous leaders
m the face of apparently msuperable difficulues, has
already prospered so far that I fecl no doubt about s
permanent success The value of dhis acluievement for
the Jews everywhere 15 very great  Palesune will be a
centre of culture for all Jews, a refuge for the most
gnevously oppressed, a field of action for the best

among us, a umifymg sdeal, and 2 means of attamn,

mnward health for the Jews of the whole world

Anti-Semitismt and Academie Youth

So long as we hived m the ghetto our Jewsh nauon-
ahty mvolved for us matenal difficulties and sometmes
fhys:ca‘ danger, but no soaal or psychologrcal prob-
ems  With emanapanon the posinon changed, parn-
cularly for those Jews who turned to the intellectual
professions  In school and at the unversity the young

ew 15 exposed o the mfluence of a society with a
defimute natonal unge, which he respects and adnures
from which he recerves hus mental sustenance, to whxc};
he feels hunsel€ to belong, while 1t, on the other hand
treats him, as one of an alien race, with a certam con-,
tempt and hosubity  Daven by the suggesave mfluence

of this psvchologreal supeno;
tarian consldcnugéns. hcpmn;liuml;};i an By ual

and his tradiuons, and considers h lfp " s Seople
enurely to the others while he me;r:lxsxcvaﬁ tboc Ico:ngcx:ﬁ
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from himself and them the fact that.the'relation is not
reciprocal. Hence that pathetic creature, the baptised
Jewish Geheimrat of yesterday and to-day. In most
cases it is not pushfulness and lack of character that have
made him what he is but, as I have said, the suggestive
power of an environment superior in numbers an
influence. He knows, of course, that many admirable
sons of the Jewish people have made important contr-
butions to the glory of Eurapean civilisanon; but have
they not all, with a few exccptions, done much the
same as he? ..

In this case, as in many mental
in a clear knowledge of one’s co
We must be conscious of our ali 2
logical conclusions from it. It is no use trying t©
convince the others of our spiritual and intellectual
equality by arguments agdressed to the reason, when
their attrtude does not origmate in their intellects at all.
Rather must weemancipate ourselves socially and supply
our socal needs, 1n the marn, oursclves. We must have
our pwn students’ soccties and adopt an amwde of
courteons but consistent rescrve to the Genniles And
Tet us hve afier our own fashion there and not 3pe
duclling and dnnking customs which are foreign 10
our mature It 1s possible to be 2 avilised European
and 2 good citizen and at the same ume 2 faithful Jew
who loves Jus race and honours Ius fathers. If we
remember chis and act accordingly, the problem ©
and-Senutism, 1n so far as 1t 15 of a social nature, i

solved for us

disorders, the cure hes
ndition and its causes.
en race and draw the
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A Letter to Professor Dr. Hellpach, Minister of State

Dear Herr Hellpach,

1 have read your ardcle on Zionism and the Z}!ri(_‘.h
Congress and feel, as a strong devoree of the Zionist
idea, that I must answer you, even if it is only shordy.

The Jews are 3 community bound together by ties
of blood and wradition, and not of religion only: the
attitude of the rest of the world towards them is
sufficient proof of this. When I came to Germany
fifteen years ago 1 discovered for the first time that I
was a Jew, and I owe this discovery more to Gentiles
than Jews,

The tragedy of the Jews is that they arc people of a
definite historical type, who lack the support of a
community to keep them together. The result is a
want of solid foundations In the indwvidual which
amounts in its extremer forms to moral nstabiliry.
1 realised that the only possible salvation for the race
was that every Jew in the world should become attached
to a living soaety to which the individual rejoiced to
belong and which enabled him to bear the hatred and
the humiliations that he has 1o put up with from the
test of the world.

1 saw worthy Jews basely caricatured, and the sight
made my heart bleed. 1saw how schools, comic papers
and innumerable other forces of the Gentile majoricy
undermined ¢the confidence even of the best of my
f'cllo‘:\k_]cws, and fele that this‘could not be allowed ta

_contdinue. . ,

. Then I realised that only 2 common enterpri

to the hearts of Jews all o"‘l«'c: the world co\rxll’;xs :nfg‘:

this people to health. It was a great achievement of
11§
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Herzl's to have realised and proclaimed at the top of
his voice that, the traditional artitude of the Jews being
what it was, the establishment of a national home of,
more accurately, a centre in Palestine, fvas a suitable
object on which to concentrate out efforts.

All this you call nationalism, and there is something
in the accusation. But a communal purpose, without
which we can neither live nor die in this hostile world,
can always be called by that ugly name. In any cxs¢
it is a nationalism whose aim is not power but dignity
and health. Ifwe did not have to live among into erant,
narrow-minded and violent people, I should be the
first to throw over all nationalism in favour of unive:
humanity. i .

The objection that we Jews cannot-be proper citzens
of the German statc, for example, if we want to be 2
* nation,” is based on a misunderstanding of the narure
of the state which springs from the intolerance of
national majorities. Against that intolerance we shall
never be safe, whether we call ourselves a “people
{or “nation”) or not.

1 have put all this wich brutal frankness for the sake
of brevity, but I know from your writings that you 3
2 man who attends to the sense, not the form.

Letter to an Arab
March 15th, 1930

Sir,

Your letter has given me great pl
chat there is good wall available on yo
solving the present difficultics in 2 manner wo
both our nations. I belicve that these difficulties 37
more psyc.hological than real, and that they can be Kf"
N 116

Jeasure. It shows me
ur side 00 for
tworthy ©
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over 1f both sides brng honesty and good will to the
tak

What makes the Present posiwon so bad 15 the face

that Jews and Arabs confront each other a5 opponents

(=3 agrcc
b will noy o)) You how I think thar the present
ues might be remed;ed at the same ttme [ must
add that thyg
d

» I am sure, be

B 0 pet somp Jewssh fnend of concilatton to
transhyge gy

gP“VY Councr] 15 ¢, be formed 1o which"the Jews
3¢ Arabs sha) ch send four representatives, who muse

:PI.I: cpendent of o)) poliacal pareies
h group g be composed g5 follows —
docror, elected by the M,
A Wyer, eloered by the |5 s

:n?;hl:g en's Tepresentative, elecged by the trade
An ccd“‘l“lc, clected

mldc;izlgh: SCOPlc 3¢ 10 meet once 5 week They
Poferggy orp, © Espouse the Sectional interests of their
oF thgye o P00D by onscentously and to e best
tiog :fcsl © Am gt ghe welfare of the whole
artand g Ountry, Therr deliberations shall be
“r“ffnunon liy He stney forbidden o give any
b hag L0 them, SYeN m private When 2
) ed on any subject 1n which not
11~

edical Associaton ;
€rs

by the ecclestastics
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less than three members on each side concur, it may be
published, but only m the name of the whole Counal
¢ 2 member dissents he may renze from the Councl,
but he 1s not thereby released from the obligauon ta
secrecy  If one of the elecuve bodues above speafied
s dusatisfied with 2 resolution of the Counal, 1t msy
replace 1ts representanve by another

Even 1f t*1s “Privy Counail ® has no definite powers
1tmay ney rtheless bring about the gradual composinon
of differences, and secure a united representauon of the
common mterests of the country before the mandatory
power, clear of the dust of cphemeral poliics

Christiamty and Judassm

If one purges the Judasm of the Prophets and
Chrstanity as Jesus Christ taugh ¢ of all subsequent
addinons, especially those of the priests, one 15 lefe with
a teaching which 1s capable of cunng all the socual
of humamty

It 15 the duty of every man of good wll to strve
steadfastly 1n Jus own hutle world to ‘make this teaching
of pure humanity a bving force so far as he can. Ifhe
makes an honest attempt i this direction without betng
crushed and trampled under foot by hus contemporancs
he*may consider himself and the commumnity to which
he belongs luchy

A Foreword
The following pages are devoted o an apprecation
of the achievements of the German Jews It must l’?
remembered that we are concemed here with a body ©
people amounung m numbers, to no more than the
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population of a moderate-sized town, who have held
therr own agamst a hundred times as many Germans,
i spite of handicaps and prejudices, through the
supertonty of their ancient cultural tradiions Whatever
attitude people may take up towards this liecle people,
nobedy who retans a shred of sound judgment 1 chese
umes of confusion can deny them respect  In these days
of the persecution of the German Jews especially, 1t 15
ame to remund the western world chat 1 owes to che
Jewssh people (a) 1ts religion and therewnch ats most
valuable moral 1deals, and (b), to a large extent, the
resurrection of the world of Greek thought  Nor should
1t be forgotten that 1t was a translation of the Bible, that
15 10 say, a mranslanon from Hebrew, which broughr
about the refinement and perfection of the German
language To-day the Jews of Germany find cherr fairest
consolation m the thoughe of all they have produced
and achieved for humamty by therr efforts 1n modem
ames also, and no oppresston however brutal, no
campaign of calumny however subtle will blind those
who have eyes to see to the mrellectual and moral
qualitics mherent in this people
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he use of mathemaucal language can give. As regards
s subject-matter, on the other hand, the physiaist has
:0 it humself very severely . he must content himself
with descnibing the most simple events which can be
brought, within the domamn of our experience; all-
avents of a more complex order are beyond the power*
of the human mtellect to reconstruct with the subtle {
accuracy_and logacal perfection which the theoretical /
physiast derfiands” Supreme punty, clanty and cer-
tainty are attamned only by the sacrifice of completeness
But what can be the attraction of gettng to know such ~
a tiny section of nature thoroughly, while one leaves
everything subtler and more complex shyly and
amudly alonez Docs the product of such a modest
effort deserve to be called by the proud name of 2
theory of the Umversez  ~
In my belief the name 15 jusnfied, for the general
laws on which the structure of theorencal physics 1s
based claim to be valid for any natural phenomenon
whatsoever. Wiath them, 1t ought to be possible to
amnve at the desciption, that 15 to say, the theary, of
revery natural process, mcluding life, by means of pure
deduction, if that process of deducnon were not
far beyond the capaaty of the human mrellect
The physiast’s renunciation of completeness for his
cosmos 15 therefore not a matter of fundamental
prnaiple
The supreme task of the physiast 1s o arnve at’
those umversal elementary laws from which the cosmos
can be buile up by pure deduction  There 15 no logical
path to these laws, only ntwtion, resung on sympa-
thetc understanding of expenence, can reach them.,
In tus methodological uncertainty, one mighe suppose
that there weee any number of possible systems of
125§
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theorencal physics all with an equal amount to be sad
for them, and tlus opimion 1s no doubt correct, theoret-
1cally  Bur evolunon has shown that at any given
moment out of all concervable constructions one has
always proved 1tself absolutely supenor. to all the rest
Nobody who has really gone decply into the mateer
will deny that 1 pracuce the world of phenomen2
unambiguously determunes the theorctical system, spite
of the fact that there 15 no logical bndge berween
phenomena and their theoretcal prncsples, this 15 what
Letbnitz descmibed so happily as a “pre-establr
harmony ” Physiasts often accuse epstemologists ©
not paymng sufficent attention to this fact Here, 1t
seems to me, e the roots of the controversy carried 0%t
some years ago between Mach and Planck ,

The longing to behold this pre-cstablished harmony
1s the souree of the mexhaustible patence and endurance
with which Planck has devoted himself, as we se¢, 10
the most general problems of our saence, refusing t0
let humself be dverted to more grateful and more casly
atraned ends I have often heard colleagues try ©
artribute this atatude of hus to extraordinary will-power
and disapline—wrongly, i my opuon The state of
mind which enables a man to do work of dus knd 13
akin to that of the religious worshipper oz the lover: the
daily effort comes from no deliberate antention ot pro-
gramme, but straght from the heart  ‘There he sis
our beloved Planck, and smules mnside himself ac my
childish poking-about wath the lantern of Diogenes
Our affection for him needs no threadbare explananon-
May the love of saence continue to tllumine hus pa
1n the future and lead him to the solutron of the most
unportant problem m present-day physics, which he
has humself posed and done so much to salve! May he
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.
succeed m untting the quantum-theoty and clectra-
dynamics n 2 smgle logical system!

~

Inaugaral Address to the Prussian Academy of Saences.
(1914)
Gentlemen,

First of all, 1 have to thank you most hearuly for
confernng the greatest benefit on me that anybody can
confer on such an one as myself By elecung me w0
your Academy you have freed me from the distractions
and cares of a professional Iife and so made 1t possible
for me to devote myself enurely to sciennfic studies
1 beg that you will contmue to believe 1n my grantude
and my industry even when my efforts seem to you to
yield buie 2 poor result

Perhaps I may be allowed & propos of this to make
a few general remarks on the relaton of my sphere of
acuvity, ‘which 1 theorencal physics, to expenmental
physics A mathematienn friend of mind said to me
the other day half m jest “The mathematician can do
a lot of things, but never what you happen to want just
at the moment” Much the same often applies to the
theoreucal physicist when the expenimental physicise
calls him - Whae 1 the reason for this pecubar lack

of adaptability 2
The theonst’s method mvolves his using as hus foun-
danon general postulates or ‘prinaples” from which
he cin deduce conclusions  His work thus falls 1o
two parts He must first discover his prncples and
then draw the conclusions which follow from th
For the sccond of these tasks he receives an :ldnur:I:IIl
;qmpmem at school  Once, therefore, he has pe:
ormed the first 1n some d]cpartmcm ot for some com-
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plex of related phenomena, he 15 certam of success,
provided lus widustry and meelbgence are adequate
T}}c first of these tasks, namely, that of establishing the
prnaples which are to serve as the starang-pomt of
his deduction, 1s of an cnurely different natre  Here
there 1s no method capable of betng learnt and system=
aucally applied that leads to the goal The saenast had
to worm these general prineiples out of nature by
perceving certan general features, which pernut of
Frcasc formulaton, 1n large complexes of cmpmml
acts
Once thus formulanon 1s successfully accomplished,
mference follows on mference, often revealing relatons
which extend far beyond the province of reality from
which the principles were ongnally drawn  But as long
as the prinaiples capable of serving as starang-potnts for
the deductnon remain undiscovered, the indivnidual fact
1s of no use to the theonst, indeed he cannot even do
anything with 1solated empincal generalisations of
more or less wide application  No, he has to persist in
his helpless acutude towards dhe separate results of
empirtcal research, unul prinaples which he can make
the basis of deducttve reasoning have revealed them-
selves to him
This 15 the kuind of position 1 which theory finds
1tself at present m regard to the laws of heat-radsacion
and molecular movement-at low temperatuses  About
fifccen years ago nobody yet doubted that a correct
account of the electrical, optical and thermal properaes
of bodies was posstble on the basis of Gahleo-Newtornsan
mechamcs applied to the movement of molecules and
of Clerk Maxwells theory of the electro-magnenc
field Then Planck shéwed that in order to establish
a law of heat-rad; c with exp ¢, 1t
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was necessary to employ a method of caleulaton whose
mmmp:mﬁfl’xty vath the prmaples of classical physicy
became clearer and clearer  For wath dhus method of
cleolanion Planck mtroduced the quantum-hyposhesis
mto physics, which has smce recery ed bnlbant con-
firmanon  Wath thns quantumehypathests he dethroned
“Classical physics as applied to the case where sufficiently
small masses ate moved at sufficendy low speeds and
bugh rates of acceleration, so that to-day the Laws of
motion propounded by Galileo and Nesvton can only
be allowed validity as hmiang laws In spue of assi-
duous efforts, however, the theonsts have not yet
succeeded m replacing the prinaples of mechames by
others which it 1n with Planck's law of heat-raduation
ot the quantum-hypothesis  No matter how defintely
1t has been proved that heat 15 to be expluned by mole-
cular movement, we have nevertheless to admut to~day
that our posiuon tn regard to the fundamental laws of
this motion rescmbles that of astronomers before
Newton in regard to the monons of the planets

1 have just now referred to a group of facts for the
theorencal treatment of which the ponciples ace lacking

But 1t may equally well happen that clearly formulated °

plr:nnap\es lead o conclumons which fall enarely, or
almost enarely, outside the sphere of reality at present
accessible to our expenience  In that case 1t may need
many years of empinical restarch to ascertun whether
the theoreucal prinaiples correspond wath reaity We
ave an nstance of this mn the theory of relatvity
An analysis of the fundameneal concepts of space and
tmlxe has shawn us that the. prmnaple of the I;ons
‘;’f\:ﬂ“l oflight m empty 3pace, which emerges fi om
opues of bodies 1n moton, by no e,
to accepy the theory of 2 sta means forces us

to: 1
15 nary lumuiniferops echer
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On the contrary, there ts nothing to prevent our franung
a general theory which takes account of the fact that
mn expeniments carried out on the earth we are wholly
unconsctous of the earth’s cranslatory motnon This
mvolves using the prmaple of relanvity, which says
that the laws of nature do not alter their form when
one proceeds from the ongmal (correcdly chosen)
system of co-ordinates to a new one which 15 in uniform
translatory motion with respect to 3t This theory has
recerved ampressive confirmauon from expenence and
has led to 2 stmplification of the theorctical descniption
of groups of facts already connected together
On the other hand, from the theoretical pomt of
view tus theory 1s not wholly sausfactory, because the
prmnciple of relatvity just formulated prefers umform
moton If 1t 15 true that no absolute signuficance can
be attached to umform motion from the physical pomt
of view, the queston anses whether this statement must
not ako be extended to non-umform motons It has
become clear that one arrives at a quite definice enlarge-
ment of the relanvity theory if one postulates a prnciple
of relativity 1n this extended sense One 1s Jed thereby
to a general theory of gravitaon which mcludes
dynamics  For the present, however, we have not the
necessary array of facts to test the legiumacy of our
mtroducton of the postulated pnnaple
We have ascertamed that inductuve physics asks

questions of deductive, and vice versa to answer wht
demands the exertion of all our energies  May we soont
succeed m making permancnt progress by our united

effors!
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Scientific Truth

{2) It is difficule even to attach a precise meaning
to the term “scientific truth.” So_ different is the
meaning of the word “truth” according as we are
dealing with a fact of experience, & x‘mthcr.muml pro-
position or a scientfic theory. “Religious truch”,
conveys nothing clear to me at all, .

{2) Scientific regearch can reduce superstition by
encouraging people to think and survey things in terms
of cause and effect. Certain it is that a conviction, akin
to religious feeling, of the ratdonality or intelligibility
of the world lies behind all scientific work of a higher
order.

(3) The firm belief, which is bound up with deep
fecling, in 2 superior mind revealing itself in the world
of experience, represents my conception of God, which
may therefore be described in common parlance as
“pantheisic” (Spinoza).

(4} Denominational traditions 1 can only consider
historically and psychologically; they have no other
significance for me.

The Method of Theoretical Physics

Ifyou want to find out anything from the theoretical
physicists about the methods they use, I advise you to
stick closely to one principle: ‘don’t listen to their
words, fix your attention on their deeds. To the dis-
coverer in chis field the products of his imagination
appear so necessary and nawural that he regards them
and would have them regarded by others, not a
creatioris of thought but as given realities.

These words sound like an invitation to you to walk
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out of this lecture  You wall say to yourselves the
fellow's 2 working phystéast humself; and ought there-
fore to leave all questions of the structure of theorencal
scence to the epistemologists
Agamst such cnucism I can defend myself from the
personal pomt of view by assurmg you that 1t 15 not at
my own mnstance but at the hind mvitation of others
that I have mounted this rostrum, which serves to
commemorate 2 man who fought hard all his hfe for
the untty of knowledge Objecuvely, however, my
enterprise can be justficd on the ground that 1t may,
after all, be of mterest to know how one looks upon his
own branch of science who has spent a lifeame m
stnving with all lus mughe o clear up and recufy 1s
fundamentals The way m which he regards 1s past
and present may depend too much on what he hppes
for the future and aims at m the present, but that 15
the mnevitable fate of anybody who has occupied himself
meensively with a world of ideas  The same dhng
happens to hum as to the histortan, who m the same way,
even though perhaps unconsaously, groups actual events
round ideals w!u:i he has formed for himself on the
subject of human society
Let us now cast an cye over the development of the
theorenical system, paymg speaal auenuon to the
relatrons between the content of the theory and the
torality-of empincal fact  We are concerned wath the
cternal anuchests between de two inscparable com=
ponents of our hnowledge, the empincal and dhe
rational, in our department
We reverence ancient Greece as the cradle of westerm
saence  Here for the first ame the world wamesse
the nuracle of a logieal system wluch proceeded from
step to step with such precmion that cvery siagle one
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of 1ts proposions was absolutely mdubstable—I refer
to Eucds geomerry This admurable tnumph of
Teasonmg gave the human satellect the confidence 1
1self necessary for”us subsequent achievements If
Eucld fals to landle your youthful enthustasm, then
you were not born to be a scientific thinker

Bus before mankand could be npe for a saence which
takes m the whole of reality, a second fundamental
truth was needed, which only became common pro-
perty among philosophers with the advent of Kepler
and Galileo ~ Pure logreal thinking cannot yield us any
knowledge of the empurtcal world,_all knowledge of
S e e gl
tions arnved=at by purely logrcal means are completely
empty as regards reality Because he saw this, an
particularly because he drummed 1t 1nto the scenafic
world, Galileo was the father of modern physics—

, mndeed, of modern stience altogether

1f, then, expentence 1s the alpha and the omega of all
our knowledge of reality, what 15 the function of pure
Teason 1n science ?

A complete systemn of theorettcal physics 15 made up
of concepts, fundamental laws wluch are supposed to
be valid for those concepts, and conclusions to be
reached by logical deduction It 1s these conelusions
which must correspond with our separate expenences,
m any theorencal teause their logical deduction
occuptes almost the whaole baok

Thus 15 exactly what happens 1 Euclid’s geometry,

except that there the fandamental laws are called axioms
and there 15 no question of the conclustons having to
correspond t6 any sort of expenience I, however, one
vegards Euclidean geometry as the science of the mugual
ponttonal relanons of practically ngid bodies 1n space,
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that 15 to say, treats 1t as a physical science, without
abstracang from 15 ongmal empinical content, the
logical homogeneity of geometry and theorencal
physics becomes complete

We have thus assigned to pure reason and expenience
therr places m a theoreucaf system of physics The
structure of the system 15 the work o; reason, the
empirical contents and their mutual relanons must find
their representation m the conclustons of the theory In
the possibility of such a representanion lies the sole value
and jusufication of the whole system, and especually of
the concepts and findamental prinaiples which under-
Lieat These later, by the way, are free inventons of the
human intellecr, which eannot be justfied either by the
nature of that intellect or n any other fashion a prion

These fundamental concepts and postulates, which
cannot be further reduced logically, form the cssential
pare of a theory, which reason cannot touch It s the |
grand object of all theory to make these 1rreducible
clements as stmple and as few i number as possible,
without having to renounce the adequate represenranion
of any empinical content whatever

The view I have just outlined of the purely ficutous
character of the fundamentals of saenufic theory was
by no means the prevailing one in the eighteenth or even
the mnetcenth century  But e 1t seeadily gainng ground
from the fact that the distance m thought between the
fundamental concepts and laws on enc side and, on the
other, the conclusions wluch have to be broughe into
rclaion with our expenence grows larger and larger,
the sumpler the logical scructure becomies—-that 18 0
say, the smaller the number of logically independent
conceprual elements which are found neeessary 1©
support the structure .
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Neston, the first créator of a comprehensive, work-
able system of theoretical physics, still believed thar the
basic concepts and laws of his system could be derived
from experience. This is no doubt the meaning of his
saying, hypotheses non fingo.

Actually the concepts of time and space appeared at
that dme to present no difficulties, The concepts of
mass, inertia and fofee, and the Jaws connecting them
seemed to be drawn direcdy from experience. Once
this basis is accepted, the expression for the force of
gravitation appears derivable from experience, and it
z_ns rc:\sonab{]e to hope for the same in regard to other
orces.

We can indeed see from Newton's formulation of it
that the concept of absolute space, which comprised
that of absolute rest, made him feel uncomforeable; he
realised that there seemed to be nothing in experience
corresponding to this last concept. He was also not

* quite comfortable about the introduction of forces
operating at a distance. But the tremendous practical
success of his doctrines may well have prevented him
and the physicists of the cightecenth and nineteenth
centuries from recognising the ficutious tharacter of
the foundations of his system,

The natural philosophers of those days were, on the

contrary, most of them possessed with the idea that
the fundamental conce

s and postulates of physies
were not in the logicj sense ﬁpee inventions Pofy the
p‘umm n_un(},but conld be deduced from experience by

. "abstraction”~that is to say by logical means. A clear
weengeidon of die erroneousness of this notion really
O}I:IY came with the general theory of relativiry, which
showed that one could take account of a wider Tange of
empirical fzcts, and that too in a more satisfactory and
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complete manner, on a foundation quite different from
the Newtonnan than was possble with 11 But quite
Em from the question wiich 1s supertor, the ficnous
aracter of fundamental prinaples 15 perfectly evident
from the fact that we can pomt to two essentially differ~
ent princtples, both of which correspond wath experience
toa large extent, this proves at the same ume that every
attempt at a logical deducnion of the basic concepts and
postulates of mechanics from elementary expenences 1s
doomed to failure
If, then, 1t 1s true dhat this axiomatic basis of theo-
retical physics cannot be extracted from expenence but
must be freely mvented, can we ever hope to find the
nght ways Nay more, has this nght way any existence
outside our 1llustonsz Can we hope to be guided 1n the
night way by expenience when there exast theorses {such
as classical mechantes) whuch to a large extent do justice
to experience, without gettng to the root of the marter?
T answer without hesitation that there 15, 1n my opinton,
a nght way, and that we are capable of finding 1t, Our
expenence hitherto justifies us 1n believing that nature
15 the realisanon of the smplest concervable mathematcal
1deas I am convinced that we can discover by means
of purely mathemancal constructons the concepts and
the laws connecting them wath each other, which furnish
the key to the und ding of natural pk 12,
Expenence may suggest the appropriate mathematical
concepts, but they most certamly cannot be deduced
from 1t Expentence remaws, of course, the sole
criterion of the physical unlity of 2 mathemaneal con-
structon  But the creanve prinaple restdes m mathe-
mates In a certam sense, therefore, I hold 1t true that
pure thought can grasp reality, as the ancients dream
In order to justify this confidence, I am_ compelled
136




- SCIENTIFIC

to make use of a mathematical conception. The
physical world is represented as a four-dimensional
continuum, If T assume a Riemannian metric in it and
ask whiat are the simplest laws which such a metric can
satisfy, [ arrive at the relativist theory of gravitation in
empty space. Ifin that space I assume a vector-field or
an anti-symmetrical tensor-field which can be inferred
from it, and ask what are the simplest laws which such
a field can satisfy, I arrive at Clerk Maxwell’s equations
for empty space.

At this point we still lack a theory for those parts of
space in which electrical density does not disappear.
De Broglic conjectured the existence of a wave-field,
which served to exphin certain quantum properties of
matter. Dirac found in the spinors field-magnitudes of
a new sort, whose simplest equations cnable one to a
large extent to deduce the properties of the electron.
Subsequently I discovered, in conjunction with my
colleague, that these spinors form a special case of anew
sort of field, mathematically connected with the four~
dlmer{smnal system, which we called “semivectors.”

e simplest equations to which such semivectors can
bc. reduced furnish a key to the understanding of the
existence of two sorts of clementary pardcles, of differ-
ccﬁz ponderable mass and equal but opposite electrical
thcrg:;; 'lThese semivectors are, after ordinary vectors,

est mathematical fields that are possible in a

metrical conti f . s
if they des _n:;m of four dimensions, and it looks as

, in an eas i i
pmpcni'cs of electrical partiZlc!sr.l e, certain essencil
© Impommant poine for us to observe js that all
cse (;onsmxcuons and the laws connecting them can be
::-\‘;;l lat by the prindple of looking for the mathew
¥ simplest concepts and the links between them.
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In the hmted nature of the mathemancally exstent
simple fields and the simple equanons possible between
them lies the theonst's hope of grasping the real m all
1ts depth

Meanwhile the grear stumbling-block for a field-
theory of this kind hes m the conception of the atomic
structure of matter and energy For the theory 1s
fundamenally non-atomic mn so far as 1t operates
exclusively with contnuons functions of space, mn
contrast to classical mechames, whose most tmportant
element, the matertal pount, i 1tself’ rcounts for the
atomuc structure of matter

The modem quantum theory m the form assocuated
with the names of de Broghe, Schrodinger, and Dirac,
which operates with continuous funcuons, has ever-
come these difficulties by a bold prece of interpretation
which was first given a clear form by Max Bormn
According to ths, the spanal functions which appear
mn the equations make no clam to be a mathemancal
model of the atomic structure Those functions are
only supposed to determmne the mathematical proba-
bilites of such structures occurring if measutements
were taken at a particular spot or mn a certam state of
motion This notion 15 logically unobjectuonable and
has importane successes to 165 credse Unfortunately,
however, 1t compels one to use a conumum the
number of whose dimensions 1s not that ascribed to
space by physics hutherto (four) but rises mdefinutely
with the number of the partcles constitutng the system
under consideranion I cannot but confess that I attach
only a transitory mportance to this meerpretanon I
sull believe 1 the possibility of a model of reality—
that 13 to 52y, of a theory which tepresents things them-
selves and not merely the probability of thetr occurrence

138



SCIENTIFIC ’

On the other hand it seenis to me ccrfaig that we
maust give up the idea of 3 complete localisation of the
particles In a theoretical model. This scems to me to

be the permanent upshot of Hcisenberg’s Uncereainty

Principle. But an atomic theory in the true sense of

the word (not merely on the basis of an im:rPrcmdqn),
without loalisation of particles in a mathematical
mode], is perfectly thinkable. For instance, to account
for the atomie character of electricity, the ficld equations
need only lead to the following conclusion :—A portion
of space (three-dimensional) at whose boundaries
clectrical density everywhere disappears, always con-
tains 2 total electrical charge whose size is represented
by 2 whole number. In a continuum-theary, atomic
characteristics would be satisfactorily expressed by
integral laws without localisation of the formation
which constitutes the atomic structue.

Not until the atomic structure had been successfully

represented in such a manner would 1 consider the
quantum-nddle solved.

Address at Columbia University, New York

Science as something exisung and compléte is the ’
most objective thing known to man. But seience in the
making, science as an end to be pursued, is as subjective

- and psychologically conditioned as any ather branch of
human endeavour—so much so that the question,
What is the purpose and meaning of science? receives

quite different answers at different times snd froe
different sorts of people,

It bxls, of course, universally agreed that science has to

cnsit'a :;:\ connections between the facts of experience,

such a kind that we can predict furcher accurrences
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from thoscalready expertenced  Indeed, accordmg to the
opuuon of many posmvists the completest possible
accomphishment of dhits rask 15 the only end of saence
I do not believe, howerer, that so elementary an
1deal could do much ta kindle the 1y esngator’s passion,
from which really greac achievements have ansen
Behind the areless efforts of the mvesugator there lurks
a stronger, more mystenous dave 1t 15 existence and
reahity that one wishes to comprehend  But one shanks
from the use of such words, for ene soon gets mto
difficulies when one has to explam what 1s really meane
by “reality” and by “comprchend” i such a general
statement
When we strp the statement of 1ts mystcal elements
we mean that we are sechung for the simplest possible
system of thought wluch will bind together the observed
facts By the “simplest” system we do not mean the
one which the student wall have the Ieast trouble m
assinulanng, but the one which contamns the fewest
possible mutually independent postulates or axioms,
since the content of these logrcal, muenally independent
antoms represents chat remamder which 15 not com-
prehended -
When 2 man 1s talking about saennfic subjects, the
litele word “1” should play no part 1 his exposiaon
But when he 15 talhing about the purpoces and aims o
science, he should be permutted to speak of humselfs
for 2 man experiences no aims and desires so immeds-
ately as s own  The specal aim which [ have con-
stantly kept before me 15 logical umficanion 1n the ficl
of physics To stare wach, 1¢ discurbed me chae electro-
dynanucs should pich out ore state of motion refer-
ence 1o others, without any cxpenmmr:x' Ju o
for dus preferennal treatment  Thus arose the speal
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theory of relativity, which, moreover, welded togcth:':r
into.comprehensible uniues the electrical and magnetic
fields, as well as mass and encrgy, or momentum and
energy, as the case may be. Then out of the endeavour
to understand inertia and gravitation as having a unified
character there arose the general theory of relativity,-
which also avoided those implicit axioms which underlie
our thinking when we use special co-ordinate systems
in the process of formulating basic laws.

At the Present time it is particularly disturbing that
the gravitatonal field and ‘the electrical field should
enter into the theory as mutually independent funda-
mental concepts, After many years of effort, however,
20 appropriate logical unification has been achieved—.
50 I beheve—through a new mathematcal method,
which I have invented together with my disinguished
collaborator, Dr. W, Mayer, .
. ¢ meanume there sull remams outstanding an
Important problem of the same kind, which has often
bttn.propounded but has so far found no satsfactory
§olunon—nzmcly the explanation of atomic structure
D terms of field-theory  All these endeavours are

ased on the conviction that existence should have a
completely harmonious structure, To-day we have less
ground than ever before for allowing ourselves to be
forced away from this wonderful belzef.

)ohmmex Kepler
In anxious a d
reult ¢ nd unce;

e » 1t is parnciilarl

+ 1S Serene greatness of 2 Kepler. Kepler Lived 1

In which the teign of law 1 mmrcpwas by x::: an?ei%é
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an accepted certamnty How great must huis futh m
natural law have been, to have given him the strength
to devote ten years of hard and pauent work to the
empirical mvestiganon of the movement of the planers
and the mathemancal laws of that movement, enurely
on his own account, supported by no one and under-
stood by very few! If we would honour his memory
wortluly, we must get as clear a picture as we can of his
problem and the stages of 1rs solution .
Copernicus had opened the eyes of the most ntelligent
to the fact that the best way to get a clear grasp of the
apparent movements of the plancts i the heavens was
by regarding them as movements round the sun con-
cetved as stattonary  If the plances moved uniformly m
a carcle round the sun, 1t would have been compara-
avely easy to discover how these movements must
look from the earth Since, however, the phenomena
w be dealt with were much more complcated than
that, the task was a far harder one The first thing to
be done was to determmne these movements Cmpmauy
from the observations of Tycho Brahe Only then did
1t become possible to thmk about discoverng the
general faws which these movements sansfy
To grasp how difficult a business 1¢ was even to sind
out about the actual movements of revolution, onehas
realise the following  One can never sce where 2 planct
really 1satany gaven moment, but only mn what direction
1t 1s scen just then from the earth, which however,
15 wself moving m an unknown manner round the sun
The difficulties thus scemed practically unsurmountable
Kepler had to discoser a way of brnging order mto
this chaos ‘To starr with, he saw that 1t was mccﬁﬁ
first to try to find out about the moton of the €3
wself  This would have been sumply mpossible if
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there had existed only the sun, the earth and the\fsgd\

stars, but no other planets  Form that case one coula
ascertam nothmng empincally except how the direction
of the strasght Ime sun-earth changes in the course of
the year (apparent movement of the sun with refer-
ence to the fixed stars) In this way 1t was possible to
discover that these directions all lav 1 a plane stationary
with reference to the fixed stars, at least with the
accuracy of observation achieved sn thase days, when
there were no telescopes By this means 1¢ could also
be ascertuned n what manner the hne sun-earth
revolves round the sun It turned out that the angular
veloaity of this monion went through a regular change
m the course of the year  But this was not of much use,
as 1t was still not known how the distance between the
carth and the sun alters 1n the course of the year It
was only when these changes were known that the real
shape of the earth's orbir and the manner i which 1t 1s
descubed were discovered
Kepler found 2 marvellous way out of this difemma
In the first place, 1t followed from the observations of
the sun that the apparent path of the sun agunst the
background of the fixed stars differed m speed at
different aines of the year, but that the angular veloatv
of this movement was always the same at the same
-pomnt 1 the astronomscal year, and therefore that the
ssecd of rotation of the strught line carthesun was
alnays the same when 1t pomnted to the same region
of the fixed stars It was thus leguimate to suppose
that the carth's orbit was a selfeenclosed one, described
by the carth 1 the same way everv year—which was
&;10 nzzns obstous @ priorr For the adherent of the
mux:: e :1 sylmm :lt was ‘:hus as good a5 certain that thus
3o 3pply 10 the of ;x:;)f the rest of the planers
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This certamly made things easier  But how to ascer-
¢ tan the real shape of the earth’sorbies Imaginea brghdy
shinng lantern M somewhere 1 the plane of the
otbit  We know that this lantcrn remains permaneatly
m 1ts place and thus forms 2 kind of fixed triangulaton-
pomnt for determuung the earth’s orbit, 3 pome which
the whabitants of the carth can take a sight on at any
ame of year Let this lantern M be farcher away from
the sun than the earth  With the help of such a Lntem
1t was possible to determune the earth’s orbit, 1 the
following way —
First of all, m every year there comes 3 moment
when the earth E hies exactdy on the hné Jouung the
sun S and the kantern M If at this moment we look
from the earth E at the Yantern M, our une of sl
will comeide wath the hnc SM (sun-lantern) Suppose
the latter to be marked mn the heavens Now mmagine
the carth 1 a different posinon and at a dfferenc nme
Since the sun S and the lantem M can both be scen
from the carth, the angle at E mn the nangle SEM 15
known Bur we also know the dirccuon of SE m
relation to the fixed stars through dircct solar observa-
nions, while the direction of the line SM 1t Feianon t@
the fixed stars was finally ascertamed previously B;‘
in the tmangle SEM we also know the angle at
Therefore, with the base SM arbitranly 1ud down on
a sheer of paper, we can, mn vittue of our k“"“kdgf
of the angles ac E and S, construct the trungle SEN
We might do thus at frequent ntervals dunng the 38,
each ume we should get on our prece of papef 2 postion
of the earth E with a date atrached to 1 and 2 ““'“(”
postzon i relation to the permanently fixesd s SV
The carth’s orbit would thereby be cmpm"ﬁ) deres~
mined, apart from 1ts absolute size, of cous™
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* But, you will say, where did Kepler get ﬁl'xl\antBQ‘
M> His genws and Nature, benevolent 1 thi§ wases
gave 1t to Jum There was, for example, the planet
Mars, and the length of the Marman year—ie, one
rotauon of Mars round the sun—was known It may
happen one fine day that the sun, the earth and Mars
lie absolutely 1n the same straight line Ths position of
Mars regularly recurs after one, two, etc Marnan
yeats, as Mars has a selfenclosed orbit - At these known
moments, therefore, SM always presents the same
base, while the earth 15 always at a different pomnt 1
1ts orbtt The observations of the sun and Mars at these
moments thus constitute a means of determining the
true orbit of the carth, as Mars then plays the part of
our magary lantern  Thus 1t was that Kepler dis-
covered the true shape of the earth’s orbit and the
way 1n which the earth describes 1t, and we who come
aftec—Europeans, Germans, or even Swabians—may
well admire and honour hum for 1t
Now that the carth’s orbit had been empincally
determuned, the true position and length of the line SE
at anv moment was known, and 1t was not so terrbly
difficult for Kepler to calenlate the orbic and motions
of the rest of the planets too from observations—at least
mn principle It was nevertheless an unmense work, es-
pecnally considering the state of mathematics at the ume
Now came the sccond and no less arduous part of
Kepler's ife-work  Thic orbits were empirically known,
but their laws had to be deduced from the cmpirical
data. Farst he had to make a guess at the mathemancal
nature of the curve described by the orbit, and then
Iy 1t out on a vast assemblage of figures  If it did not
fit, another hypothesss had to be dewised ard agamn
tested  After tremendous search, the conjecture that
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%ﬂm Was an ellipse with the sun at one of 1ts foa
as fsund to fie the facts Kepler also discovered the
law governng the vanation 1’ speed dunng rotation,
which 1s thae the hne sun-planet sweeps out equal areas
mn equal penods of nme  Fnally he also discovered
that the square of the period of arculation round the
sun vares as the cube of the major axes of the cllipse

Our adnuration for dhs splendid man 1s accompanied
by another feeling of adnuration and reverence, the
object of which 1s no man but the mvsterious harmony
of nature mto which we are born  As far back as
anciens tmes people devised the hines exhibiang the
sumplest concervable form of regulanty Among these,
next to the straght line and the circle, the most import-
ant were the ellipse and the hyperbola  We sec the Jast
two embodied-—at least very neatly so—m the orbits
of the heavenly bodies

It seems that the human mund has first to construct
forms independently before we can find them m things
Kepler’s marvellous achtevement 1s a parucularly fine
example of the truth that knowledge cannot spriag
from expentence alone but only from the comparnson
of the inventions of the mntellect with obsered fact

The Mechanies of Newton and thewr Influence on the
Developn ent of Theoretscal Phystes

Tt 15 Just two hundred years ago since Newton closed
us eyes for the last nme It behoves us ar such 3
moment to remember this brillint gemus, who deter-
muned the course of western thought, rescarch an
Jractice to an extent that nobody before or since hus
tme can touch  Not only was he balliant as an iventor
of certain key methods, but he also had a unique com=
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mand of the empirical material available m hus day,
and he was marvellously mvenuve as regards mathe-
maucal and physical methods of proof 1 mdividual
cases  For all these reasons he deserves our deepest
reverence The figure of Newton has, however, an
even greater importance than his genus warrants from
the fact that desuny placed him at a turning-pomnt m
the hustory of the human mtellect. To see dhus vivdly,
we have to remind ourselves that before Newton there
exssted no self-contaned system of physical causality
which was capable of representing any of the decper
features of the empinical world

No doubt the great matenalists of ancient Greece
had msisted that all matenal events should be traced
back to a stretly regular sertes of atomic movements,
without admitung any Iving creature’s will as an
independent cause And no doubt Descartes had 1 hus
own way taken up this quest agan  But 1t remained
a bold ambutton, the problematcal 1deal of school of
philosophers  Actual results of 2 hind to support the
belief n the exsstence of a complete chtain of physical
causation hardly ewsted before Newton

Newton’s object was to answer the ‘question, Is there
such a thing asa sunple rule by which one can calculate
the movements of the heavenly bodies 1n our planctary
system completely, when the state of motion of all

ese bodies at one moment 15 known>» Kepler's
empirtcal laws of planetary movement, deduced from
Tycho Brahe's observations, confronted him, and
demanded explanation* These laws gave, 1t 15 true, 2

* Today evey ket

rod maus industry was Aeeded to dy

the emp neally ascertaned orbies B, o
:‘hit:;v;: r::: balkant methods by which hepler dedxic;g the ﬁzxﬁfﬁ;
the cae "+ O"F e from the movements s 2hey were observed from
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complete answer 1o the queston of how the planers
move round the sun (the ellipucal shape of the orbit,
equal areas 1n equal umes, the relanon between the
major axes and the pertod of arculation round the
sun}, but they did not satisfy the demand for causality
They are three logically independent ritles, revealing
no mner connection with each other. The third law
cannot simply be transferred quanttatvely to other
central bodies than the sun (there 15, for example, no
relation between the rotatory pertod of a planet round the
sun and thae of 2 moon round 1ts planec} The most
important point, however, 1s this these laws are con-
cerned waththe movement as a whole, and not with
the question how the state of notion of a system gives nisc
to that which wnmedsately follows st 1 tune, they are, as we
should say now, mtegral and not differential laws
The differental law 15 the only form which com-
pletely sansfies the modern physicist’s demand for
causality The clear conception of the differenmal law
15 onc of Newton's greatest mtellectual achievements
It was not merely dhe notton that was needed but
also a mathemaucal formalism which exastéd 1n s ruds-
ments but had to acquire 2 systemanc form  Newron
found s also 1n the differential and the ncegral
caleculus We need not consider the question here
whether Newton hit upon the same ‘mathematical
methods independenty of Leibnutz or not  In any
case 1t was absolutely necessary for Newton to perfect
* them, since they alone could provide hum with the
means of expressing Ius ideas
. Galileo had already made a considerable advance
towards a knowledge of the law of movon  He dis~
worvered Vi Ynrew o et and e Y of ades Glling
freely mn the graviational field of the carth mameh,
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that a mass, (more accurately, mass-pornt) which s
unaffected by other masses, moves untformly and m a
straght lne The verncal speed of a free body n the
gravitanonal field mcreases umiformly with the ume
1t may seem to us to-day t© be but a short step from
Galileo’s discoveries to Newton's law of motion  But
1t should be observed that both the above statémeiits
refer n their form to the motion as 1 whole, whereas
Newton's law of motion provides an answer to the
question, How docs the state of motion of a mass-point
behave n an sfimtely short time under the mfluence of
an external force: It was only by considermg what
takes place durmng an mfinttely short ame (the differ-
ennal law) that Newton reached a formmla which
apphes to all motion whatsoever He took the con-
cept of force from statics, which had alteady reached a
high stage of development The connection between
force and acceleration was only made possible for him
by the introducton of the new concept of mass, which
was supported, strange to say, by an illusory defimuion
‘We are so accustomed to-day to the creation of concepts
corresponding to differental quonients that we can
hardly grasp now what a remarkable power of abstrac-
ton 1t needed to reach the gencral differennal law by a
crossing of two frontiers, m the course of which the
concept of mass had 1n addition to be mvented
But 3 causal conception of motion was sull far from
bemng achieved For the motion was only determined
by the equation of monon 1n cases where the force
was given  Inspired no doubt by the uniformity of
planetary motons, Newton conceived the 1deg that
the force operating on a mass was determumed by the
positon of all masses situated at a sufficicndy Zmall
distance from the mass m quesuon It was not tdl ths
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connection was cstablished thar 2 completely causal
conception of mouon was achieved How Newton,
starung from Kepler's laws of planctary monon, per-
formed this tash for gravitanon and so discovered that
the kanenie forces actng on the stars and gravity were
of the same nature, 15 well known It 1s the combination
of the Laws of Moton with the Law of Auraction
which consututes that marvellous edifice of thought
wihich mahes 1 possible to calculate the past and forure
states of a system from the state obtaming 4t one
parncular moment, m so fr as the events tahe place
under the nfluence of the forces of gravary alone  The
logical completeness of Newton’s conceptual svstem
lay 1n dhs, that the only things that figurc as causes of
the acceleranon of the masses of a system are fhese
masses themselves

On the strength of the basis here brefly sketched
Newton succeeded i explaning the motions of the
planets, moons and comets down to the smallest
details, as well as the udes and the precessional move-
ment of the earth—a deducave achievement of umque
magmficence The discovery that the cause of the
mortons of the heavenly bodies 15 1dentical wath the
gravity with wlich we are so famliar from everyday
Iife must have been partcularly umpressive

But the importance of Newton's acluevement was
not confined to the fact that 1t created a workable and
logteally satsfactory bass for the actual saence of
mechamcs, up to the end of the mncteenth cenwury &€
formed the programme of every worker n the fisld of
theoretical phystes Al physical events were to be
rraced back to masses which are subject to Newton's
faws of mouon The faw of force sumply kad o be
widened and adapted to the gy pe of event under con-
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sideration. Newton himself tried to apply this scheme
to optics, assuming light to consist of inert corpuscles.
Even the wave theory of light made use of Newton's
law of motion, after it had been applied to the mass of
2 continuum, Newton’s equations of motion were the
sale basis of the kinetic theory of heat, which not only
prepared people’s minds for the discovery of the law of
the conservation of energy but also led to a theory ot
gases which has been confirmed down to the last
derail, and a more profound view of the nature of the
second law of thermodynamics. The development of
clectricity and magnetsm has procceded right down to
our own day along Newtonian lines (electrical and
magnetic substance, forces acting at a distance). Even
* the revoluuon in elecrodynamucs and optics brought
about by Faraday and Clerk Maxwell, which formed
the first great fundamenal advance m theoretical
physics since Newton, took place enurely under the
xgis of Newton's 1deas  Clerk Maxwell, Boltzmann
and Lord Kelvin never wearted of tracing the electro-
magnetic fields and thetr reciprocal dynamic acuons
back to the mechameal action of hypothencal con-
tinuous media possessing mass. As a result, however,
of the hopelessness or at any rate the lack of success of
those efforts, a gradual revoluton 1 our fundamental
notions has taken place since the end of the nineteenth
century theorenical physics have outgrown the New-
tonian frame which gave stabihity and intellectual
guidance to saience for ttearly two hundred years,
Néwton’s fundamental princples were so satisfactory
o eloe Jogical e o€ wiew that the Tmpetus to over-
haul them could. only spring from the imperious
demands of empincal fact. Before 1 i i
must insist that Ny i go meo this 1
ewton himself was better aware of
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the weaknesses mherent 1n his mtellectual edifice than
the gencrations of scienusts which followed him. This
fact has always roused my respectful admiration, and I
should like, therefore, to dwell on 1t for 2 moment
(1) In spite of the fact that Newton’s ambinon to
represent his system as necessanily conditioned by
experience and to mwroduce the smallest possible
number of concepts not directly referable to emprnical
objects 15 everywhere evident, he sets up the concept
of absolute space and absolute ume, for which he has
often been cnticised 1n recent years  But i this pont
Newton 15 particularly conststent He had realised that
observable geomeerical magnutudes (distances of ‘marenal
pomts from one another) and their course n tme do
not completely charactense monon m s physical
aspects  He proves this n the famous expenment with
the rotatung vessel of water Therefore, 1n addinon to
masses and their temporally vanable distances, theremuse
be something else that determunes monon  That “some-
thing’ he takes to be relation to “absolute space ™ He
15 aware that space must possess a kind of physical
reality sf his Jaws of monion are to have any meaning, 3
reality of the same sort as matenal pownts and the
wntervals between them 5
The clear realisation of this reveals both Newtons
wisdom and also a weak side fo Ins theory  For the
logical structure of the latter would undoubrdly he
more satisfactory withour this shadowy concept, 11
that case only things whose relatons to perceprion 1€
perfectly clear (mass-points, distances) would enter
o the laws
(2) The mroducnon of forces acang directh and
wnstantancously at a distance into the representation o
the effects of gravaey 1s not in keeping with the character
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of most of the processes familiar t0 us from everyday
Iife Newton meets thus objection by pomang to the
fact that his Jaw of reciprocal gravitation 1s not sup-
posed to be a final explanation but a rule denved by
mduction from expenence

(3) Newton’s doctrne provided no explanation for
the lughly remarkable fact that the weight and the
mernz of a body are determuned by the same quantity
(s mass) The remarkableness of this fact struck
Newton himself -

None of these three pomnts can rank as a logtcal
objection to the theory In asense they merely represent
unsausfied desires of the saenufic spint m s struggle
for 2 complete and unitary penctration of natural
events by thought

Newton's doctrine of motion, considered as the hey
1dea of the whole of theorencal physics, recetved 1ts
first shock from Clerk Maxwell's theory of electriaity
It became clear that the reaprocal actions berween
bodies due to electric and magnenc forces were effected,
not by forces operaung mnstantaneously at a distance,
but by processes which are propagated through space
at 2 finite speed  Faraday conceived a new sort of real
physical enucy, namely the * field,” m additron to the
mass-pomnt and 1ts motion At first people tried, clmg-
mg to the mechameal mode of thought, to look upon
1t as 2 mechameal condion (moton or force) of a
hypothetical mediom by which space was filled up

(the cther) Buc when thus terpretation refused to
work in spiee of the most obstnate cffores, peoplegradu-

ally gor used to the 1dea of regardme the
magnete ficld” of regardmg the “electro-

as a final wrreduable
physical realiy  We have H Herz c:;nsglt;::;t f:f
definitely freemng the conception of the field from all -
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encumbrances derived froin the tonceptual armoury of
mechanics, and H. A. Lorentz for frecing it from a
matecial substratum; according to the lateer the only
thing Jeft to act as a substrarum for the field was physical
empty space {or ether), which ¢ven in the mechanics
of Newton had not been destituee of all physical
functions. By the time this point was reached, nobody
any longer believed in immediate momentary action at
a distance, not even in the sphere of gravittion, even
though no field-theory of the latter had been clearly
sketched out owing to lack of sufficient factual know-
ledge. The development of the theory of the lectro-
magnetc field—once Newton's hypothesis of forces
acting at a distance had been abandoned—led to the
artempt to exphin the Newtonian law of moton on
electro~magnenc lines or alternatively to replace 1t by
2 morc accurate one based on the field-theory. Even if
these efforts did not meet with complete success, sull
the fundamental concepts of mechanies had ceased to
be looked upon as fundamental constituents of the
physical Umverse,

The theory of Clerk Maxwell and Lorentz !cd
mevimbly to the specnal theory of relativity, which
ruled our the existence of forces acting at a distancee,
with the resulung destrucnion of the notion of absolute
simulaaneiry.  This theory made it clear that mass is
not a constant quantry buc depends on the encrgy-
content—is indeed equivalent to 1t. It also showed that
Newton’s law of monon was only to be regarded a5 2
hmuting faw valid for small velocities; in s place it
put a new law of motion n which the speed of light in-
vacuo figures as the enncal velocity. .

The general theory of relativity formed the last
step in the development of the programme of the ficld-
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theory. Quantitatively it modified Newton’s theory
uxﬂyr};lighdy. but all the more profoundly for that
qualitatively. Inerda, gravitation, and the metrical
behaviour of bodies and clocks were xcsiuccd to a
single field quality, this ficld itself was again placed in
dependenee on the bodies (gencralisation of Newton's
law of gravity or the field-law corrqpondmg to it, as
formulated by Poisson). Space and time were thereby
divested not of their reality but of their causal absolute-
ness (absoluteness affecting but not affected) which
Newton had been compelled to ascribe to them in order
to be able to give expression to the laws then knovyn.
The generalised law of inertia takes over the funcdon
of Newton’s law of motion. This short account is
enough to show how the elements of the Newtonian
theory passed over into the general theory of relativity,
whereby the three defects above mentioned were oves-

come. Itlooks as if the law of motion could be deduced ™

from the field-law corresponding to the Newtonian law
of force. Only when thisgoalhasbeen completely reached
will it be possible to talk about a pure field-theory.
In 2 more formal sense also Newton's mechanics
prepared the way for the field-theory. The application
of Newton’s mechanics to condnuously distributed
masses led inevitably to the discovery and application
of partial differential equations, which in therr turn first
provided the language for the laws of the field-theory.
In this formal respect Newton’s conception of the
differential law constitutes the first decisive step in the
development which followed.
* The whele evolution of our ideas about the Pprocesses
of: nature, with which we have been concerned so far,
might izc regarded as an organic development of
Newton’s ideas. But while the process of perfecting
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the field-theory was still in full swing, the facts of heat-
radiation, the spectra, radio-activity etc., revealed a
limit to the serviceableness of the whole intellectual
system which to-day stll scems to us absolutely insuper-
ablein spite of immense successes at certain points,
Many physicists maintain—and there are weighty -
arguments in their favour—that in the face of these
facts-not merely the differential law but the law of
causation itself—~hitherto the fundamental postulate of
all natural science—has collapsed. Even the possibiliy
of a spatio-temporal construction, which can be
unambiguonsly co-ordinated with physical events, is
denicd. That a mechanical system is permanently
susceptible only of discrete encrgy-values or states——as
experience, 5o to speak, directly shows—scems ac first
sight hardly deduable from ‘2 field-thcory which
,operates with differential equations. The De Broglie-
Schrgdinger method, which has in a certain sensc the
character of a field-theory, does indeed deduce the
discreteness of energy states, in asconishing agreement
with empirical fact, on the basis of differential equations
operanng wath 2 kind of resonance-theory, but it has
to do withour a localisaion of the mass-particles and
without senctly causal Jaws. Who would presume
to-day to deade the quesuon whether the law of
causatton and the erential law, these ultimate
premisses of the Newtonian view of nature, must
definitely be given up?
Clerk Maxwell's Influence on the Evolution of the Hea
of Physical Realty

| T Yok i m everoh e ‘mdaprndaan he
perceiving subject isthe basis of all nanural science. Sinee,
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however, sense perception only gives information ofchis
external world o of “physical reality” indirectly, we can
only grasp the latter by speculative means, It follows
from this that our Tiotons of physical reality can never
be final. We must always be ready to change these
notions—that is to say, the axiomatic substructure of
physics—in order to do justice to perceived facts in the
most logically perfect way. Actually a glance ar the
development of physics shows that it has undergone
" far-reaching changes in the course of time.

The greatest change in the axiomatic substructure of
physics—in other words, of our conception of the
structure of reality—since Newton laid the foundation
of theoretical physics was brought abour by Faraday's
and Clerk Maxwell’s work on electro-magnetic pheno-
mena. We will try in what follows to make this
clearer, keeping both earlier and later developments
in sight. .

According to Newton's system, physical reality is
characterised by the concepts of time, space, material
point,and force (=reciprocal action of material points).

Physical events, in Newron’s view, are to be regarded
as the motions, governed by fixed laws, of material
points in space. The material point is our enly mode of
representing reality, when dealing with changes taking
place in it. Perceptible bodies are obviously responsible
for the concept of the material point; people conceived
it as an analogue of mobile bodues, stripping these of the
characteristics of extension, form, orientaton in space,
and all “inward” qualities, leaving only inerda and
‘wagduion anh abling the concept of force. The
material bodies, which had led psychologica]ly to our -
formation of the concept of the “matesiat point,” had
now themselves to be regarded as systems of m’atcrial
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pomnts It should be noted that this theorettcal scheme 1s
in essence an atonustic and mechansstc one  All happen-
ngs were to be interpreted purely mechameally—that s
to say, sumply as motions of matenial pownts according
to Newton’s law of motion

The most unsausfactory side of this system {apart
from the difficulttes involved mn the concept of “absolute
space” which have been rassed once more just receatly}
lay 1n 1ts description of light, which Newton also con-
cerved, 10 accordance wath hus system, as composed o
matenial pomts  Even at that nme the question, What
1 that case becomes of the materal pownts of which bghe
1s composed, when the light 1s absorbed z was already 2
burning one  Moreover, 1t ts unsatisfactory 1n any casc
@ duce mrea the discussion material pass. of quite
a dufferent sort, which have to be postulated for the pur-
pose of represenung ponderable matter and light
respectively  Later on corpuscles of electniaty were
ad(fcd to these, making a third kind, again with com~
pletely different charactenstcs It was further, a funda-
mental weakness that the forces of reciprocal actom, by
which events are determuned, had to be assumed hypo-
thetically 1n a perfeetly arbitrary way Yet con~
ception of the real accomplished much how came 1t

that people felt themselves 1mpelled to forsake 12

In on:fgr to put his system mto mathemancal form at
all, Newton had to devisc the concept of differenual
quotients and propound the laws of monon m the form
of total differential equations—perhaps the greatest
advance m thoughe thar a single mdividual was ever
privileged to make Parnal differental equagons were
not necessary for tus purpose, nor did Newfon make
any systemaac use of them , but they were necessary for
the formulauon of the mechanics of deformable bodies,
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thus 15 connected wath the fact that i these problems the
question of haw bodies are s posed to be constructed
out of materal pomts was of no importance to begin
with
Thus the partial differential equation entered theo-
rettcal physics as a handmaid, but has gradually become
mustress This began 1 the mneteenth century when
the wave-theory of Light established itself under the
pressute of observed fact Light m empty space was
explaned as a matter of vibrations of the ether, and 1t
scemned 1dle at that stage, of course, to look upon the
lateer as a conglomeration of matenal points  Here for
the first time the parnal differenual equation appeared
as the natural expression of the pnmary realines of
physics In a particular department of theorenical physics
the conunuous field thus appeared side by side with che
matenal pomnt as the representative of physical realiry
This dualism remamns even to-day, disturhing as 1t must
be to every orderly mind
1 the 1dea of physical reality had ceased to be purely

atomie, 1t sull remamed for the nme bemg purely
mechamstic, people sull tried to explamn all events m
terms of the motiou of mert masses, indeed no other
way of looking at things seemed conceivable Then
came the great change, which wall be assoctated for all
time with the names of Faraday, Clerk Maxwell, and
Hertz. The hon’s share i this revoluuon fell to élc:k
Maxwell He showed that the whole of what was ther
known about light and dlectro-magnenc phenomen;
was expressed m his well-known double system of
vdifferential equations, 1n which the clectric and the mag-

netic fields appear as the dependent varab}

N
did, indeed, try to explam, or Justfy, tht:Sef:s uatiaxwlju
ntellectual construcnons uations by
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But he made use of several such constructons at the
same, tume and took none of them really senously, so
that the equanons alonc appeared as the essential thing
and the strength of the fields as the ultrimate entines, not
to be reduced to anything eke By the tum of the
century the conception of the electro-magneuc field as
an ulamate entiey had been gencrally accepted and
sertous thinhers had abandoned the beliefn the justifica-
b, or the possibility, of a mechameal explanation of
Clerk Maxwell's equations  Before long they were, on
the contrary, actually trymg to explan matenal pomnts
and their mnerna on field-theory lines wath the help of
Maxwell’s theory, an attempt which did not, however,
meet with complete spccess

Neglecung the 1mportant nidividual resules winch
Clerh Maxwell’s life~work produced in several man
departments of physics, and concentrating on the
changes wrought by him in our conception of the nature
of physical reality, we may say this —Before Cleck
Maxwell physical realiry was concerved—1n so far as st
was mtended to represent events in naturc—as made up
of matenial pornts, whose changes consist excluswvely of
motions which are subject to partial differenual equa-

nons  After Maxwell they conceived physical realiey as
wxd%by_,wﬂ%’—j_mﬂu
explicable, which are subject to p: differential

~cquations This change mn the conception of reality 1s
the most profound and frurtful one that has come to
physics smce Newton, but 1¢ has at the same time o be
adnutted that the programme has not yet been com-
pletely carnied out byany means The successful systems
of phystes which have beenevolved since rather represent
compronuses between these two schemes, which for
¢hat very reason bear a provisional, logueally mecomplete
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character, although they may have achieved great
advances in certain particulars.

The first of these that calls for mention is Lorentz’s
theory of clectrons, in which the field and the clectrical
corpuscles appear side by side as clements of equal value
for the comprehension of reality. Next come the
special and general theories of relativity, which, though
based endirely on ideas connected with the ficld-theory,

* have so far been unable to avord the independent intré~
duction of material points and total differential equations.

The last and most successful creation of theoretical
physics, namely quantum-mechantcs, differs funda-
mentally from both the schemes which we will for the
sake of brevity call the Newronian and the Maxwellian,
For the quantines which figure in its kaws make no
chim to describe physical reality atsclf, but only the
probabilities of the occurrence of a physical reality that
we have in view, Dirac, to whom, 1n my opinton, we
owe the most logically complete exposiion of ths
theory, nghtly pomnts out that 1t would probably be

difficult, for example, to give a theoretical deseription of
a photon such as would give enough informanon to
enable one to deade whether.1t will pass a polanser
placed {obhiquely) 1n 1ts way or not.
Tam sull inclined to the view that physiaists will not
*m the long run content themselves with that sort of
mndurect descripuion of the real, even if the theory can
eventually be adapted to the postulate of general rela-

tivity 1n a sansfactory manner. We shall then, I fecl
sure, have to return to the attempt to carry out the pro~
gmﬁmc w}nchlmayl'1 gr:l:gerly be described as the Max-
wellan—namely, the descripuon of physical reality in
terms of fields which sansf al

ooy sl y partial differennal equanons

. 161



THE WORLD AS I SEE IT

Niels Bohr

When a later gencration comes to write the hustory of
the progress made 1n phystes in our gme, 1t wall have
to connect one of the most important advances ever
made 1 our knowledge of the nature of the atom witk
the name of Niels Bohr It was already known that
classtcal mechanics break down m relation to the uln-
mate constituents of matter, also that atoms consist of
rosmvcly charged nucler which are surrounded by a

ayer of atoms of relauvely loose texture But the
structure of the speetra, which was to a large extent
known empinically, was so profoundly different from
what was to be expected on our older theones that
nobody could find a convinang theorencal interpreta~
tion of the observed umformities Thereupon Bohr m
the year 1913 devised an mterp of the )
spectra on quantum-theory lines, for which he m a
short ame produced such a mass of quantitanve confir~
mation dhat the boldly selecred hypotheacal basss of hus
speculations soon became a mamstay for the physes of
the atom  Although less than ten years have passed
since Bobhr s first discovery, the system conceived in 165
mam features and largely worked out by him already
domumates both physics and chemustry so completely
that all earlier systems seem to the expert to date from
2 long-vanished age The theortes of X-ray spectra, of
wvisible spectra, and of the penodic system of the elements
are prumanly based on the 1deas of Bohr What 15 so
marvellously artracty e abour Bohr as a saaentific thinker
15 hus rare blend of boldness and cauuon, scldom has
anyone possessed such an mumave grasp of hidden
thinps combimed wath such a saong cnucal sense. Wash
all hus knowledge of the detals, his eye 15 1mmovably
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fixed on the underyng prnciple He 1s unquestionably

one of the greatest discovcrers of our age 1 the saenufic
ficld

On the Theory of Relatwity
An Address in London

It 1s 2 particular pleasure t6 me to have the prvilege
of speaking 1 the capital of the country from which .
the most mmportant fundamental notions of theorencal
physics have 1ssued I am thinking of the theory of
mass motion and gravitanon which Newton gave us
and of the concept of the electro-magnenc field, by
means of which Faraday and Clerk Maxwell put physics
on anew basis The theory of relanvicy may ndeed be
sawd to have put a sort of finshing touch to the mughey
wntellectual edifice of Maxwell and Lorentz, masmuch
as 1t seeks to extend field-physics to all phenomena,
gravitation ncluded

Turmng to the theory of relativity sself, { am anxions
to draw attention to the fact that this theory 15 not
speculauve in ongin, 1t owes 1ts nventon enurely to
the destre to make physical theory fit observed face as
well as possble “We have here no revolutionary act but
the natural continuauon of a hine that can be traced
through centunes  The abandonment of a certain con-

cept connected with space, ume and motion hitherto
treated as fondamental must not be regarded as arbitrary
but only as conditioned by observed facts
The h‘w‘of r.h‘e constant veloaty of hight 1n empry
siace, which'has'been confirmed by the dgvelopmcnf of
ecro-dynarmcs and opucs, and dhat of the equal
lee«lg;umacy of all mernal systems (spectal prmqplg u:f
relauvaty), which was pm::;i n a parncularhy ncsiyve
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manner by Michelson's famous experiment, berween
them made 1t necessary, i the first place, that the concept
of ame should be made relanve, each mernal system
bemng given 165 own special ume  As this noton was
developed 1t became clear that the connection between
immediate expentence on one side and co-ordmates and
tume on the other had hitherto not been thought out
with sufficent preasion It 1s 1 general one of the
essential features of the theory of relauvity that 1t s at
pans to work out the refanons between general con-
cepts and empirtcal facts more preasely The funda-
mental prinaiple here 1s that the jusaficanion for a phst-
cal concept lies exclust ely 1n 1ts clear and unambiguous
relation to facts that can be expenenced
According to the spectal theory of relanvaty, spanal
co-ordmates and ame sull have an absolute character tn
50 far as they are directly measurable by stanonary clocks
and bodies But they are relatne m so far as they
depend on the state of motion of the selected mernal
system According to the special theory of relanwty
the four-dimensional continuum formed by the vmon
of space and tme retains the absolute character which
according to the earher theory, belonged to both space
and ame separately (Mikowsk:) The wnflucnce of
moton (relaave to the co-ordinate system) on the form
of bodies and on the motion of clocks, also the equiva-
lence of energy and mnert mass follow from the mntes-
pretanon of co-ordinates and tme as products of
measurement
The general theory of relativiey owes ts exastence m
the firse place to the emptncal fact of the numencal
equality of the merual and gravianonal mass of bodies
for which fundameneal facr assical mechames provided
no mtcrpretation  Such an terpretation 15 amved 3t
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* by an extension of the prnaple of reluvity to co-
ordinate systems accelerated relanvely to one another
The mtroduction of co-ordmnate systems accelerated
relauvely to mertal systems mvolves the appearance of
gravitational fields relanve to the latter  As a result of
this, the general theory of relanvity, which 1s based on
the equality of nerti2 and weight, provides a theory of
the gravitational field

The ntroduction of co-ordinate systems accelerated
relatively to each other as equally legiimate systems,
such as they appear condimoned by the idenuty of
merna and waght, leads, in conjunction with the results
of the specal theory of relatrvity, to the conclusion that
the laws governing the occupation of space by sohid
bodies, when gravitatonal fields are present, do not
cortespond to the laws of Euchidean geometry An
analogous result follows from the motion of clocks
Thas brings us to the necessity for yet another generahsa-
tion of the theory of space and time, because the direct
interpretation of space and time co-ordinates by means
of measurements obtamable with measuring rods and
clocks now breaks down  That generalisation of metric,
which had already been accomplished 1n the sphere of
pure mathematcs by the researches of Gauss and Rie-
mann, §s essentally based on the fact that the metric of *
the special theory of relatvity can stll claim valdiey for
small areas 1n the general case too
The process of development here shetched straps the
space-tme co-ordnates of all independent reality 'The
metrically real 15 now only given through the combina-
uon of the space-ttme co-ordinates with the matheman-
cal quantities whnch describe the gravitational field
of'I;l;lerc s yet another factor underlymg the evolunon
e general theory of ;CIZ[IV‘ICY As Emst Mach
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msistently pointed out, the Newtonian theory 1s unsatis-”
factory 1n the followmng respect —If one constders
motion from the purely descnipuive, not from the causal,
pount of view, 1t only exusts as relanve motion of things
with respect to one another But the acceleration which
ﬁfgurcs 1n Newton’s equanons of motion 1s unintelligible
if one starts with the concept of relanve motion It
compelled Newton to mvent a physical space m relation
to which acceleration was supposed to exast  This mntro-
ductton ad hoc of the concept of absolute space, while
logteally uncxcepuionable, nevertheless seems unsans-
factory Hence the attempr to alter the mechanieal
equations 1n such a way that the mertia of bodies 1s
traced back to relanve movnon on ther part not as
agamst absolute space but as against the tatality of other
ponderable bodies In the state of knowledge then
existing his attempe was bound to fail

The posing of the problem seems, however, enurely
reasomable  This line of argument imposes itself wich
considerably enhanced force 1n relaion to the general
theory of relatrvity, since, according to that theory, the
physical properties of space are affected by ponderable
matter In my opinton, the general theory of relauvity
can only solve this problem satisfactonly 1f 1t regards
the world as spatally selfenclosed The mathemaneal
results of the theory force one to this view, if one
believes that the mean density of ponderable matter 1
the world possesses some ultumate value, however small

What 15 the Theory of Relatity?

I gladly accede to the request of your colleague to
wrtte somethung for The Times on relanvity  Afeer the
famentable breakdown of the old actunve intercourse
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mulated cntena which the separate processes or the
theoretical rcfgrcscnmuons of them have to sansfy Thus
the science of thermodynamues seeks by analyncal means
to deduce necessary connections, which separate events
have to sausfy, from the umversally expentenced fact
that perpetual motion 1s impossible
The advantages of the constructive theory are com-
pleteness, adaptability and cleamess, those of the prn-~
aple-theory are logical perfection and secunty of the
foundations
The theory of relauvity belongs to the latter class
In order to grasp 1ts nature, one needs first of all to
become acquanted wath the prinaples on wiuch 1t 15
based Before I go mto these, however, I must obscrve
that the theory of relanviry resembles a buildng con-
ssing of two separate storeys, the special theory an
the general theory The special theory, on which the
general theory rests, applies to all physical phenomena
with the excepuon of gravitanon, the general theory
provides the law of gravitation and 1ts relanons to the
other forces of nature
It has, of course, been known since'the days of the
ancient Greeks that i order to describe the movement
of a body, a second body 15 needed to which the move-
ment of the first 1s referred  The movement of a
vehicle 15 considered 1n reference to the earth’s surface,
that of a planet to the totalty of the visible fixed stars
In physics the body to which cvents are spatally referced
15 called the co-ordinate system ‘The laws of the
mechanics of Galileo and Newron, for mstance, can only
be formulated wath the aid of a co-ordnate system
Thestate of mouon of the co-ordinate system may not,
however, be arbitranly chosen, 1f the laws of mechanics
are tp bevahd (1t must be frec from rotation andaceelera~
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won) A co-ordmate system which 15 admutted 1n
mechancs 15 called an “meraal system ™ The state of
rmotion of an merual system 15 according to mechanics
not one that 15 determmed unambiguously by nattire
On the contrary, the following definition holds good —
2 co-ordmate system that 15 moving umformly and ma
strarght lme relanvely to an mernal system 1s likewise an
wertal system By the “special principle of relativity”
15 meant the generalisanon of this defimtzon to include
any natural event whatever thus, every untversal law
of nature which 15 valid 1 relation to a co-ordinate
system C, must also be valid, as 1t stands, 1n relation to
a co-ordnate system C?, which 15 1n uniform translatory
motion relatively to C

The second prinaiple, on which the specal theory of
relativaty rests, 15 the “principle of the constant veloaity
of hight m vacuo ™ This prinaiple asserts that light i
vacuo always has a definite veloaity of propagation,
mdependent of the state of motion of the observer or of
the source of hight The confidence which physicists
place in this prinaiple springs from the successes achieved
by the electro~dynamcs of Clerk Maxwell and Lorentz.

Both the above-mentioned priciples are powerfully

supported by expenence, but a to b
supported b Tge ‘ ppear not to be logically

pecial theory of relatvity finall
succeeded 1n reconaling them I:;xcally bya tn}:odﬁ‘caZ

ton of kinemats—i e, of the doctrine of the Jaws
relatng to space and ume (from the pont of view of
physics) It became clear that to speak of the simul-
tancity of two events had no meaning except mn relation
® % gven to-ordmate system, and that the shape of
E?:sgnognd;v::s and the speed at which clocks x}:xovc
b nsltatc of moton with respect to the
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mertia of a body are controlled by the sane constant
(Equality of ineraal and gravicattonal mass ) Imagme a
co-ordmate system which 1s rotanng umformly with
respect to an nertal system m the Newtontan manner
The centnfugal forces which manifest themselves n
relation to this system must, according to Newton's
teaclung, be regarded as effects of merna  But these
centnifugal forces are, exactly like the forces of gravity,
proportional to the masses of the bodies  Ought 1t not
to be possible 1n this cuse to regard the co-ordinate sys-
tem as stattonary and the centrifugal forces as graviea-
tional forces? This seems the obvious view, but classical
mechanics forbid 1t

This hasty consideranon suggests that a geheral
theory of relatvaty must supply tl e laws of gravitatton,
and the consistent following-up of the 1dea has justfied
our hopes

But the path was thornier than one night suppose,
because 1t demanded the abandonment of Euchidean
geometry That 1s to say, the laws according to which
fixed bodies may be arranged 1n space do not com-
pletelv accord with the spattal laws ateribuced to bodies
by Euchdean geometry This 15 what we mean when
we talk of the “‘curvature of space ” The fundamental
concepts of the “straight Iime,” the “plane™ exc thereby
lose their precise sigmificance n physics

In the general theory of relauvity the doctrine of
space and time, or kinematics, no longer figures as a
fundamental imdependent of the rest of physics The
geometnical behavionr of bodies and the motion of
clocks rather depend on gravitational fields, which 1n
their turn are produced by matter

The nesw theory of gravitanon diverges considerably,
as regards ponciples, from Newton’s theory  Bur 1ts
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practical results agree so nearly with those of Newton's
theory that 1t 15 difficult to find criterna for distunguishing
them which are accessible 1o experience  Such have
been discovered so far —

(1)°'In the revolunon of the ellipses of the planetary
orbuts round the sun (confirmed m the case of Mercury)

(2) In the aiitving of light rays by the acuon of gravi-
tational fields (confirmed by the Englsh photographs
of eclipses)

(3) In a displacement of the spectral lines towards the
red end of the spectrum 1n the case of light transmtted
to us from stars of considerable magmtude (uncon-
firmed so far) *

The chief attraction of the theory lies mn s logieal
completeness If a single one of the conclusions drawn
from 1t proves wrong, 1t must be given up, to modify
1t without destroymg the whole strucure seems to be
impossible .

Let no one suppose, however, that the mighty work
of Newton can really be superseded by this or any other
theory His great and luad 1deas will retan their unique
significance for all time as the foundation of otr whole
modern conceptual structure 1n the sphere of natural
philosophy

ADPDENDUM Some ofthe statements i your paper con-
cerning mv life and person owe their onigin to the Inely
1magmation of the wnter Here 1s yet another applica-
tion of the prinaple of rclativity for the delectation of
the reader —To-day I am descnibed i Germany as 2
“German savant,” and i ;Englana as a “Swiss -]C“f.
Should 1t ever be my fate to be represented as a béte
noire, I should, on the contrary, become a **Swass Jew

+Editor’s Note This cntenion bas also been confirmed m the meanume
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for the Germans and a “German savant” for the
English

The Problem of Space, Ether, and the Field i Plysies

Scientfic thought 15 a development of pre-scienufic
thought As the concept of space was already funda-
mental 1n the latter, we must begin with the concept of
space i pre-scientific thought There are two ways of
regarding concepts, both of which are necessary to
understanding  The first 15 that of logical analysis It
answers the question, How do concepts and judgments
depend on each other? In answering 1t"we ar¢ on com-
paratvely safe ground It 1s the secunty by which we
are so much 1mpressed 1n mathematics  But this secu-
nty 15 purchased at the price of emptiness of contént
Concepts can only acquire content when they are con-
nected, however indirectly, with sensible expenence

But no logreal mvestigation can reveal this connection,
that determunes the cogmtive value of systems of con-
cepts
Tzke an example Suppose an archaologist belonging
to a later culture finds a text-book of Euchdean geo-
metry without diagrams He will discover how the
words “pomnt,” “strught lne,” “plane,” are used m the
proposittons  He wall also see how the latter are deduced
from cach other He will even be able to frame new
propositions according to the known rules But the
ming of these proposiions will remam an empty
word-game for him, as long as “pomnt,” “straight ine,”
planc” ctc “convey nothing” to hum Only when they
do cofivey something will geometry possess any real
content for hun  The saume wll be' true of analyncal
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Now as regards the concept of space. this seems to
presuppose the concept of the solid objzct. The nature
of the complexes and sense-tmpresstons whi-h are prob-
ably responsible for that concept has ofien been
described  The correspondence between certam visual
and eacale 1mpressions, the fact that they can be cen-
tmuously followed out through tme, and that the*
1mpressions can be repeated at any moment (easte, sight),
are some of those characterssties  Once the concept of
the solid object 15 formed m conncction with the
expeniences just mentioned—which concept by no
means presupposes that of space or spatial relanon—the
desire to get an intellectual grasp of the relanons of such
solid bodies 15 bound to give fise to concepts which
correspond to their spatal relagons  Two solid objects
may touch one another or be distant from one another
In the latter case, a third body can be mserted between
them without altenng them mn any way, n the former
not These spatal relanions are obviously real 1 the
same sense as the bodies themselves 1€ two bodies are
of equal value for the filling of one such nterval, they
will also prove of equal value for the fillng of other
mnterval¢ The mnterval 1s thus shown to be independent
of the selection of any specal body to fill 1t, the same
1s unwversally true of spattal relanons It 1s plan that
this independence, which 1s a prncipal condition of the
usefiilness of framing purely gcomemcal concepts, 15
not necessanly a prior In my opinion, this concept of
the interval, detached as 1t 15 from the selection of any
special body to occupy 1t, 15 the starting-pomt of the
whole concept of space

Considered, then, from the pomt of view of sense
expenience, the development of the concept of space
seems, after these brief dicatons, to conform to the
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mechanics, and indeed of any exposicion of the logically
deductive sciences. '

What docs this talk of “straight lme,” “point,”
“intersection”  etc. “‘conveying something to one”
mean? It means that one can point to the parts of
sensible experience to which those words refer. This
extra-logical problem is the essental problem, which
the archzologist will only be able to solve intuitively,
by examining his experience and scemng if he can dis-
cover anything which cotresponds to those primary
terms of the theory and the axioms lid down for them.
Only in this sense can the question of the nature of 2
conceptually presented entity be reasonably raised.

With our pre-scientific concepts we are, very much
in the positton of our archzologsst in regard tothe
ontological problem. We have, so to speak, forgotten
whar features m the world of expericnce caused us to
frame those concepts, and we have great difficulty, n
representing the world of expertence to ourselves with=
out the spectacles of the old-established conteptual
interpretation. ‘There 15 the further difficuley that our
language is compelled to work with words which are
separably connected with those pnmiave concepts.
These are the obstacles which cnnfront us when we try
to describe the essenmal, nature of the pre-scienafic con-
cept of space.

One remark about concepts in general, before we
turn to the problem of space - concepts have reference
to sensible experience, buc they are never, 1 a logi
sense, deduable from them. For thus reason I have never
been able to understand the quest of the a priori in the
Kanuan sense. In any ontological guestion, the only
posuble procedure 1s to seek out those charactensricsn the
complex of sense expentences to which the concepts refer.
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Now as regards the concept of space  this scems to
presuppose the concept of the solid objct. The nature
of the complexes and sense-smpressions wh-h are prob-
ably responsible for that concept has ofien been
descnibed  The correspondence berween certain visual
and tacule ympressions, the fact that they can be cun-
anuowsly followed out through tme, and that the
tmpressions can be repeated at any moment (taste, sight),
are some of those charactensues  Once the concepe of
the solid object 15 formed m connecuon wath the
expeniences Just mennoned—which concept by no
means presupposes that of space or spatial relanon—the
desire to get an mtellectual grasp of the relanons of such
solid bodies 15 bound to give mse to concepts which
correspond to thetr spattal relanons  Two sohd obyects
may touch one another or be distant from one another
In the latter case, a third body can be inserted between
them wathout altenng them m any way, in the former
not These spatial relations are obviously real m the
same sense as the bodies themselves  If two bodses are
of equal value for the filling of one such mterval, they
will also prove of equal value for the filling of other
wntervals “The interval s thus shown to be independent
of the selection of any specral body to £ill 1t the same
1s umwersally true of spanal relations It 15 plam that
this mdependence, which 15 a principal condition of the

usefiilness of frammg purely geometncal concepts, 15
?l;)t necessanly a prion In my opinton, this concept of

e iterval, detached as 1t 15 from the selecton o any
sp‘caal body 1o occupy 1t, 1s the starting-pomt of the
whole concept of space )

Considered, then, from the pomt of view of sense
expenience, the development of the concept of space
secms, after these bref indicanons, to conform to the
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followng schema—solid body, spatal relations of solid
bodies, interval, spate  Looked-at m this way, space
appears as something real m the same sense as sohd
bodies Pl -
. Ttus clear”that the concept of space as a real thing
sleeady existed 1n the extra-saennfic conceptual world
Euchd’s mathematics, however, knew nothing of this
cdncept as such, they confined themselves to the con-
cepts of the object, and the spanal relanons berween
objects The pomt, the plane, the straight Iine, length,
are solid objects idealised  All spatial refations are
reduced to those of contact (the intersection of serughe
Lnes and planes, pownts lymng on straghe hnes, etc.)
Space as a conimum does not figure m the conceptu:
system at all This concept was first mtroduced by
Descartes, when he described the pomt-n-space b 1es
co-ordinates Here for the first nme geometrical
figures appear, up to a pawmnt, as parts of mftnite space,
which 15 concerved as a three-dimensional contmuum
The grear superionty of the Cartesian treatment of
space 13 by no means confined to the fact that 1t applies
analysts to the purposes of geometry The mamn pomt
seems rather to be this —The geometry of the Grecks
prefers certam figures (the straight line, the plane} 1n
geometrical descripaons, other figutes (e g , the ellipse)
are only accessible to 1t because 1t constructs or defines
them wach the help of the pornt, the straght ling arid the
plane In the Cartesian treatment on the other hand, all
surfaces are, m prnaple, equally represented, without
any arbitrary preference for linear figures n the con-
struction of geometry
In so far as geometry 15 concewved as the saence of
laws goserning the mutual rehnons of practcally ngid
bodies 1n space, 1t 15 to be regarded as the oldest branch
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of physics. This science was able, as 1 have already
observed, to dispense with the concept of space as
such; the ideal corporeal forms—point, straight line,
plane, length—beéing sufficient for its needs. On the
other hand, space as a whole, as conccived by Descartes,
was absolutely necessary to Newtonian physics. For
dynamics cannot manage with the concepts of the mass-
point and the (temporally variable) distance between
- mass-points, alone. In Newton’s equations of motion
the concept of acceleration plays a fundamental part,
which cannot be defined by the temporally variable
intervals between points alone. Newton’s acccleration
is only hinkable or definable in relation to space as a
whole. Thus to the geometrical reality of the concept
of space a new inertia~determining function of space
was added. ‘When Newton described space as absolute,
he no doubt meant this real significance of space, which
made it necessary for him to autribute toita quite definite
state of motion, which yet did not appear to be fully
determined by the phenomena of mechanics. This
Space was conceived as absolute in another sense also;
1ts inertia-determining effect was conceived as autono-
mous, 1.e,, not to be influenced by any physical circum=
§tance whatever; it affected masses, but nothing affected
it. :

And yet in the minds of phystcists space remained
until the most recent time simply the passive container
of all events, playing no part m physical happenings
itself. Thought only began to take a new turn with
the wave theory of light and the theory of the electro-
magnetic field of Faraday and Clerk Maxwell It
bcc}mc clear that there existed in frec space conditions
which propagated therfiselves in waves, as well as
Jocalised fields which were able to exert force on €lec
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trical masses or magnenc poles broughe to the spot
Since 1t would have seemed utrerly absurd fo the
phystests of the nineteenth century to attnbute physical
functions or states to space atself, they mnvented a medium
pervading the whole of space, on the model of ponder-
able matter—the ether, which was supposed to actasa
velucle for electro-magnetic phenomena, and hence for
those of hight also  The states of this medium, 1magined
as constituting the electro-magnetic fields, werc at first
thought of mechanically, on the model of the clasuc
deformations of ngid bodies But this mechanical
theory of the ether was never quite successful, and so the
1dea of a dloser explananon of the nature of the ethenc
fields was given up The ether thus became a kind of
matter whose only function was to act as a substratum
for electrcal fields which were by their very nature not
further analysable  The picture was, then, as follows —
Space 15 ﬁﬁ,:d by the ether, m which the material
corpuscles or atoms of ponderable matter swim, the
atomuc structure of the latter had been securely estab-
lished by the tum of the century

Smce the reaprocal action of bodies was supposed to
be accomplished through fields, there had also to be a

ravitational ficld m the ether, whose field-law had,

owever, assumed no clear form at that nme The
ether was only accepted as the seat of all operauons of
force which make themselves effecave across space
Since 1t had been reabsed that electrical masses 1
motion produce a magnenc field, whose energy acted as
a model for mnertna, merna also appeared as a field-
acuon localised mn the ether

The mechanical properues of the ether were at first 3
mysiery Then came Fi A Lorent's grear dustovery
All the ph of electro~magnetsm then known
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could be explamed on the basis of two assurnpuons that
the ether 15 firmly fixed 1n space—that 15 to say, unable
to move at all, and that electniaty 1s firmly lodged
the mobile clementary parucles To-dav s discovery
may be expressed as follows —Physical space and the
ether are only different terms for the same thing, ficlds
are physical conditions of space  For if no paracular
state of motion can be ascribed to the ether, there does
not seem to be any ground for introducing 1t as an
entty of 3 special sort alongside of space  But the
physicists were sull far removed from such a way of
thinkmng, space was sull, for them, a nigid, homogeneous
something, susceptible of no change or condinons
Only the gentus of Riemann, solitary and uncompre-~
hended, had already won 1ts way by the muddle of last
century to a new concepuon of space, 1 which 1t was
depnived of 1ts ngidity and 1ts power to take part 1n
physical events recognsed as possible  This intellectual
achievement commands our admiratuon all the more
for having preceded Faraday's and Clerk Maxwell’s
field-theory of electricaty Then came the specal theory
of relatviry wirh 1ts recogmion of the physical equiva-
lence of all mernal systems The mseparableness of
time and space emerged 1n connection with electrodyna-
mucs, or the law of the propagation of hight Hicherto
1t had been silently assumed that the four-dimensional
continuum of events could be splir up into ttme and
space m an objective manner—ie, that an absolute *
significance attached to the “now” m the world of
:.:::lts With the discovery of the relanviry of stmul~
“m“:y, space and tune were merged 1 a single con-,
™ i the same way as the three dimensions of
space had been before ~ Phvsical space was thus n
creased 10 2 four-dimensio 1

nal space which also included
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the.dimension of time  The four-dimenstonal space of
the special cheory of relatviry 1s Just as nigtd and abso-
lute as Newton's space
The theory of relauvity admurably exemplifies the
fundamental character of the modern development of
theorenical saience  The hypotheses wath which it starts
become steadily more abstract and remote from expert-
ence  On the other hand 1t gets nearer to the grand
aim of all science, which 1s co cover the greatest possible
number of empirical faces by Jogrcal deduction from the
smallest posstble number of hvpotheses or axoms
Meanwhile the train of thought leading from the axioms
to the empincal facts or venfiable consequences gets
steadily longer and more subtle The theorencal scienast
1s compelled 1 an mcreasing degree to be gurded by
purcly mathemaucal, formal consideranions mn his
search for a theory, because the physical expenence of
the experimentor cannot ift him nto the regrons of
highest abstractton  The predommandy mducuve
methods appropriate to the youth of science are giving
place to tentauve deduction Such a theoretical struc-
ture needs to be very thoroughly elaborated before 1t
can lead to conclusions whick can be compared with
experience  Here, too the observed fact 1s undoubtedly
the supreme arbiter, but 1t cannot pronounce sentence
until the wide chasm separatmg the axioms from theyr
verfiable conscquences has been brndged by much
antense hard g 'The theorust has to set about this
Herculean task 1n the clear consciousness that hus efforts
may only be destned to deal the death-blow to his
theory The theonst swho undertakes such a labour
should not be carped at as  fanaful , on the contrary,
he should be encouraged to give frec reign to hss fancy
for there 1s no other way to the goal His1s no idle day-
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dreaming, but a search for the logically simplest possi-
bilities and their consequences This plea was needed 1n
order to make the hearer or reader more ready to follow
the enswng train of 1deas wath attention, 1t 15 the hne of
thought which has led from the special to the general
theory of relanivity and thence to 1ts latest offshoot, the
umtary field-theory In this exposimon the use of
mathemaucal symbols cannot be avorded

‘We start with the specaal theory of relatvity  This
theory 1 sull based directly on an empirical law, that of
the constant veloaity of hight Let P be a pomt n
empty space, P’ one separated from 1t by a length do
and mfimtely near to 1t Let a flash of highe be emtred
from P at 2 ume ¢ and reach P’ at a time ¢ -+ dt Then

de* = c*de

fdx, dx, dx, are the orthogonal projections of da,
and the imaginary tme co-ordinate v/-1 ct = X 18
mtroduced, then the above-mentioned law of the con-
stancy of the propagation of hight takes the form

dt=da? + dx,? + dxy? + dx? =0
Since this formula expresses a real situation, we may
attribute 2 red] meaning to the quannty ds even sup-
posing the neighbouring pomts of the four-dimensional
continuum are selected m such away that the ds belong-
mg to them does not disappear  This 1s more or less

expressed by saying that the four-dimensional
space
(with 1ma, of the specal thsory

v BInary tme-co-ordmates)

o ';;lanwty Possesses 2 Euclidean metnc

nema f:cnt dt]ha; such a metnic 15 called Euchdean 1s con-
mcmcmaxh“c followng  The posiing of such a
oo Pr::;;lnunenélgnal continuum 1s fully equiva-
metry  The dcﬁmgn; eq:;:f TR e chdean S

n of the metnic 15 thus
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nothing but the Pythagorean theorem applied to the
differentals of the co~ordmates

Such alteratton of the co-ordinates (by transforma-
uton) 15 permutted 1n the specal theory of rchawig,
since m the new co-ordmnates too the magnitude ds?
(fundamental mvarant) 15 expressed in the new dif-
ferentials of the co-ordmates by the sum of the squares
Such transformations are called Lorentz transformations

The hcunstic method of the speaal theory of rela-
nvity 1s charactensed by the following pninciple —Onlv
those equations are adnussible as an expression of natural
laws which do not change therr form when the co-
ordunates are changed by mcans of a Lorentz transforma-
uon {co-vamance of equatons i rehnon ro Lorentz
transformations)

This method led to the discovery of the necessa
connection berween impulse and energy, the streng|
of an electric and a magneac ficld clectrostatic an
electro-dynamic forces nere mass and energy, and the
number of mdependent concepts and fundamental
cquations was thereby reduced

This method powited beyond 1tself Is st true that the
cquations wlich express natural laws are co-varant 1
rclanon to Lorentz transformanons only and not m
relanon to other transformatonst Well formulated n
that w1y the queston really means notlung, since every
system of cquauons can be expressed m general co-
ordmates  We must ask, Ate not the laws of natsre
so consttuted that they recenve no real simplificanon
through the choice of any one parnailer set of co-ordi-
natest
We wll only mention m passing that our emprcal
prinaipie of the equaliny of mncrx ang’ Aeavy eoa
prompts us (o answer ths queston in the afhrmanve
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If we clevate the equivalence of all co-ordinate systems
for the formulinon of natural laws 1nto 3 prnaiple, we
arnve at the general theory of relanwity, provided we
suck to the law of the constant veloaity of hghe or to
the hypothests of the objecnve sigmificance of the
Euchdean metric at least fot mfinitely small portions of
four-dimensional space

This means that for fimte regrons of space the exist-
ence (sigmificant for physics) of a general Ruemnnntan
metric 15 presupposed according to the formula

dst = z dai Aoy,

¥ duv
whereby the sumimation 15 to be extended to all index

combinatons from 11 to 44
;The structure of such a space differs absolutely
radically 1n one respect from that of a Euchidean space
The coefficients gy, arc for the nme beng any funcuons
whatever of the co-ordinates x1 to x,, and the structure
of the space 15 not really determined until these functions
guv are really known It 15 only determined more
closely by speafying laws which the metrical field of
the gy sausfies  On physical grounds this gave nse to
the conviction that the metrical ficdd was at the same

ume the gravitanonal field
Since the gravitational field 15 determuned by the
configuration of masses and changes with 1t, the geo-
metric structure of this space 15 also dependent on
physical factors  Thus accarding to this theory space 1s
—exactly as Riemann guessed—no longer absolute, 1ts
structure de]l:cnds on ph}isxcal whuences Physical geo-
metry 1s no longer an 150lated se

e promerty ng panis If-contamned science like
The problem of gravitation was thus reduced t0a
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mathemancal problem 1t was requured to find the
sumplest fundamental equations which are co-vartant m
relation to any transformation of co-ordunates whatever
T will no speak here of the way this theory has been
confirmed by expenence, bur explun at once why
Theory could not rest permanendy sausfied with dus
success  Gravitanon had indeed been traced to the
structure of space, but besides the graviational field
there 1s also the electro-magnenc field This had,
begin with, to be mtroduced mnto the theory as an
entity mndependent of gravitatton Additional terms
which took account of the existence of the clectro-
magnenc field had to be mcluded in the fundamental
equations for the ficld  But the idea that there were two
structures of space mndependent of cach other, the
metric-gravitational and the electro-magnene, was -
tolerable to the theoretcal spirt We are foreed to the
belief that both sorts of field must correspond to 2
umfied structure of space
The “umitary field-theory ” which represents reself as
a mathematcally independent extension of the general
theary of relzavity, attemprs to fulfil hrs last pastulate
of the field cheory The formal problem should be put
as follows —Is there 2 theory of tﬁc continunm 1n which
2 new structural element appears side by side with the
metnic such chat 1¢ forms a single whole together with
the metnice 1€ so, what are the sumplest ficld-laws to
which such a connnuum an be made subjectz And
finally, are these field-Taws wclf fitred to sepresent the
properaes of the gravicanonal ficld and che electro-
magneuc field: Then there 1s the further quesnon
whether the corpuscles (clectrons and protons) an be
regarded as locanons of parucularly dense fields, whose
motements are determined by the ficld equanons At
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present there 15 only one way of answering the first three
quesuions The space structure on which 1t 15 based
may be descibed as follows, and the descripuon
applies equallv to a space of any number of dimen-
stons

Space has a Riemannian metric  Thus means that the

Euchidean geomerry lholds good mn the mfimtesimal
neighbourhood of every pomt P Thus for the neigh~
bourhood of every pomt P there 15 a locil Cartestan
svstem of co-ordinates, m reference to which the metnic
1s cilculated according to the Pythagorcan theorem
Ifwe now inagine the length I cut off from the posttve
axes of these local systems, we get the orthogonal
local unut vector Suclt a local unst vector 1s to be found
n every other pownt P of space also  Thus, 1f a linear
element (PG or P'G ) starting from the pomts P or P’,
15 grven, then the magnitude of this hnear element can
be calculated by the aid of the relevant local unit vector,
from 1ts local co-ordinates by means of Pythagoras’s
theorem  There 15 therefore a defimte meanng 1n
speaking  of the numenical equality of the hnear
elements PG and P'G’

It 15 essenual to observe now that the local orthogonal
umt vectors are not completely determmed by the
metrnc For we can stll select the orentanon of the unit
vectors perfectly freely without causing any alteration m
the result of calculaung the size of the linear elements
according to Pythagoras's theorem A corollary of this
1s that m a space whose structure consists exclusively of
2 Riemanmian metric, two linear elements PG and P'G’
aar b compaed! il e’ o ahae mggoesdts doe
not thewr direction, m particular, there 15 no sort of
pomnt 1 saymng that the two linear elements are parallel
to one another In this respece, therefore, the purely
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metrical (Riemanman) space 15 less rich n structure than
the Euclidean

Swmnce we are looking for a space which exceeds Rue-
mannian space mn wealth of structure, the obwvious thing
15 to enrich Riemannan space by adding the relation of
direction or parallehsm  Therefore for every durection
through P let there be a defimre direction through P,
and let this mutual relation be a determmate one’ We
call the directions thus related to each other “parallel *
Let thus parallel relation furcher fulfil the condiuon of
angular untformuty 1f PG and PX ate two directions in
P, P'G’ and P'K’ the corresponding parallel directions
through P, then the angles KPG and K'P’G” (measur-
able on Euclidean hincs in the local system) should be
equal
The basic space-structure 15 thereby completely
defined It 15 most easily descnbed mathemancally as
follows —In the definte pomnt P we suppose an orthog-
onal untt v ector with defimee, freely chosen enentatton
In every other powne P’ of space we so onent its local umt
vector that its axes are parallel to the corresponding axes
at the pont P Gaven the above structure of space and
frec choice 1n the onentanon of the umt vecror at one
pomt P, all ut vectors are thereby completely defined
In the spacc P let us now imagine any Gausstan system
of co-ordmates and that 1 every pomt the axes of the
unit vector there are projected on to1c This system of
n* components completely describes the structure o
space
Thus spaual structure stands, 1 2 sense, mudway be-
tween the Riemannian and the Euchdean In contrast
to the former, 1t has room for the straight hne thatis to
say a Line all of whose elements are parallel to each other
i pas The geometry here descnibed differs from the
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Euchidean 1n the non-exsstence of the parallelogram  If
at the ends P and G of a length PG two equal and
parallel lengths PP’ and GG’ are matked off, PG’ 15 1n
general nether equal nor parallel 1o PG

The mathematical problem now solved so far 15 this —
What are the sunpﬁ:st conditions to which a space-
structure of the kind described can be subjected: The
chuef question which sull remams to be mvestgated 15
this —To what extent can physical fields and primary
entities be represented by solutions, free from smgulan-
ues, of the equations which answer the former question?

Notes on the ongin of the general theory of Relatiwnty -

I gladly accede to the request that I should sav some-
thing about the history of my own saenafic work
Not that T have an exaggerated notion of the importance
of my own efforts, but to write the history of other
men’s work demands a degree of absorption m other
people’s 1deas which 15 much more 1n the Iine of the
trawed historian,, to throw Light on one’s own carlter
ng appeats ncomparably easier  Here one has an
immcnsc pull over everybody else, and one ought not to
Ca{lx(/:ht}m opportunity unused out of modesty

atthe cn, byalthe special theory of relativity, L had arnived
Ommi‘l“w ence of all so-called mertial systems for the
o ‘;non of natural laws (1905}, the question whether
tems £ ﬁs not 2 further equivalence of co-ordmate sys-
ollowed naturally, to say the least of 1t To put

1 m another way, 1f only a rel b
attached to he Lo y a relanve meaning can be
55 o pery oncept of velocity, ought we neverthe-
COnccpS: evere m treaung acceleration as an absolute

F
rom the purely kunemanc pomnt of view there was
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no doubt about the relanvity of all moons whateser,
but physically speaking, the mernal syseem seemed to
occupy a prvileged postrion, which made the use of
co-ordmate systems moving 1 other A¥ays appear
arttfical

1 was, of course, acquamted with Mach’s view, accord-
g to which 1t appeared concervable thar what mernial
resistance counteracts 1s not accelerinon as such but
acceleration with respect to the masses of the other
bodies existing 1n the world Therc was something
fasanaung about this 1dea to me, but 1t provided no
workable basis for a new theory

I first came a step nearer to the solution of the prob-
Jem when I attempted to deal wich the law of gravity
within the framework of the special theory [
Like most wrters at the ume, I tried to frame a field-
law for grantanon, smce 1t was no Jonger possible, at
Jeast 1n any natural way, to mtroduce direcs acaon ata
distance, owing ¢o the abolition of the nogon of abso-
lute stmultanesty

The simplest thing was, of course, to recm the
Laplacian scalar potennal of grawity, and 0 complete
the equation of Pousson m an obvious mannef by 3 term
differentiated as to ume m such a way thae the spectal
theory of relativity was sausfied  The law of motion 0
the mass pdint m a gravitational field had also to be
adapted to the special theory of relanvity  The path was
not so unnustakably marked out here, since the mert
mass of a body mught depend on the grﬂ"m‘mm}
potential In fact thus was to be expected on sccount o
the prinaple of the mertta of energy

These mvestganons, however, led to 2 resolt shich
rased my strong suspictons Accordng td classical
mechancs the verueal acceleration of a body m the
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verncal gravitanonal field 15 independent of the hon-
zontal component of veloary Hence 1 such a gravi-
tauonal field the verncal acceleration of 2 mechanical
system or Of its centre of gravaty works out mndepen-
dentdy of 1ts mternal kmetic energy But 1n the theory
I advanced the acceleration of a falling body was not
mdependent of the honzontal veloaty or the mternal
energy of a system
This did not fit in wath the old expenimental fact chat

all bodies have the same acceleration 1n a gravitational
field This law, which may also be formulated as the
law of the equality of mernal and gravitauonal mass,
was now brought home to me m all 1ts significance I
was 1n the highest degree amazed at 1ts persistence and
guessed that m 1t must e the key to a deeper under-
standing of inerta and gravitatton 1 had no serious
doubts about 1ts strict vahdity, even without knowing
the results of the admurable expenments of Eotvos,
;vhu:h—xf my memory 15 nght—I only came to know

ater

1 now abandoned as madequate the attempt to treat
the problem of gravitacon, n the manner outhned
above, withun the framework of the special theory of
rehawnity It clearly faded to do justuce to the most
fundamental property of gravitaton The prinaiple of
the equality of imernal and gravitational mass could now
be formulated quite clearly as follows —In 2 homo-
geneous gravitational field all mouons take place 1n the
same way as mn the absence of a gravitauonal field m
relation to a uniformly accelerated co-ordmate system
If this pnnaple held good for any events whatever (the
“prnaple of equivalence™), s was an indicaton that
the ponaple of relanvity needed 1o be extended to
co-ordinate systems 1 non-uniform mouon with re-
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spect to each other, 1f we were to reach an easy and
natural theory of the gravitanonal field Such reflec-
uons kept me busy from 1908 to 1911, and I attempted
to draw special conclusions from them, of which I do
not propose to speak here For the moment the one
umportant thing was the discovery that a reasonable
theory of gravitation could only be hoped-for from an
extension of the prnaple of relanvity

What was needed, therefore, was to frame a theory

whose equations kept therr form 1 the case of non-
lnear transformations of the co-ordinates Whether
this was to apply to absolutcly any (constant) transfor-
mations of co-ordinates or only to certam ones, I could
not for the moment say

I soon saw that bringing 1 non-linear transforma-
tions, as the prmcrple of equivalence demanded, was
wevitably faral to the simple physical mterpreration of
the co-ordnates—1 e , that 1t could no longer be requures
that difftrentals of co-ordmates should signify direct
results of measurement with 1deal scales or clocks [
was much bothered by ths prece of knowledge, for 1t
took me a long time to see what co-ordmates 1 general
really meant i physies 1 did not find the way out of
thus dilemma ull 1912, and then 1t came to me as a resuit
of the following consideratton —

A new formulation of the Jaw of merua had o be
found which 1n case of the absence of a real "grﬁ\nta-
nonal field with application of an neraal system” as 2
co-ordinate system passed over wmto Gahlco’s formula
for the ponaiple of ncrtia The latter amounts to this —
A matenal pomt, which 15 acted on by no force, will be

P d mn four-d I space by a straight e,
that 15 to say, by a line that 15 25 shore as possible or,
more correctly, an extreme hne This concept pre-
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supposes that of the length of 2 Iinear clement, that 15 to
say, a metric In the speanal theory of relauwity, as
Minkowski had shown, this metric was a quasi-Euchidean
one, 1e, the square of the “length” ds of the hnear
element was a definice quadratic funcaon of the dif-
ferentials of the co-ordmates
If other co-ordinates are wtroduced by means of a
non-hnear transformauon, ds* remains a homogeneous
‘funcuon of the differentuals of the co-ordmates, but the
coefficients of this function (guy) cease to' be constant
and become certam functions of the co-ordinates In
mathematical terms this means that physical (four-
dimensional) space has a Riemanman metnc  The
time-bke extremal limes of this metric furnish the law
of motion of 2 matersal pome which 1s acted on by no
force apart from the forces of gravity  The cocfficients
(guv) of this metric at the same tme describe the
gravitatonal field with reference to the co-ordinate
system selected A natural formulation of the principle
of equivalence had thus been found, the extension of
which to any gravitational field: whatever formed a
perfectly natural hypothesis
The solunon of the above-mentioned dilemma was

therefore as follows —A physical sigmificance attaches

not to the differentials of the co-ordinates but only to

the Rucmanmin metne co-ordmnated with them A

workable basis had now been found for the general

theory of relativiey  Two further problems remamed

to be solved, however

(1) If a field-law 15 given 1n the terminology of the
spectal theory of relatvity, how can 1t be transferred to
the case of a Riemannian metrc:
{2) What are the differential laws which determine
the Riemannian metric (1e, guv) mself>
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spect to each other, if we were to reach an easy and
natural theory of the gravitaconal field Such reflec-
tions kept me busy from 1908 to 1911, and I attempted
to draw special conclusions from them, of which 1 do
not propose to speak here For the moment the one
tmportant thing was the discovery that a reasonable
theory of gravitation could only be hoped-for from an
extension of the pnnaple of relatvaty .

‘What was needed, therefore, was to frame a theory
whase equations kept cher form 1n the case of non-
hnear transformations of the co-ordmates Whether
this was to apply to absolutely any (constant) eransfor-
mations of co-ordmnates or only to certam ones, I could
not for the moment say

I soon saw that bringing n non-hnear transforma-
tions, as the prmerple of equivalence demanded, was
mevitably fatal to the simple physical interpretation of
the co-ordnates— ¢ , that 1t could no longer be required
that differentials of co-ordmates should sigmfy direct
results of measurement with 1deal scales or clocks
was much bothered by this pece of knowledge, for 1t
took me a long time to see what co-ordnates m general
really meant 1n physics I did not find the way out of
this dilemma ull 1912, and then 1t came to me as a result
of the followmng consideration —

A new formulation of the law of merua had to be
found which 1n case of the absence of a real "gr_a'vm-
tional field with application of an mereal system” as a
co-ordinate system passed over 1nto Galifeo’s formula
for the praple of mertta The latter amounts to thus —
A matenal powt, which 1s acted on by no force, will be
represented 1n four-dimensional space by a straight line,
that 15 to say, by a line that 15 as shore as possible or,
more correctly, an extreme lme This concept pre-
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Relatwnty and the Ether

Why 15 1t that alongside of the notion, dertved by
abstraction from everyday Lfe, of ponderable matter
physicists have set the notion of the exastence of another
sort of matter, the etherz The reason lies no doubt
those phenomena which gave mse to the theory of
forces acung at a distance, and 1n those properues of
hght which led to the wave-theory Let us shordy
consider these two things

Non-phystcal thought knows nothing of forces
actng at a distance  When we try to explan our
expertences of bodies by a complete causal scheme,
there seems at first sight to be no reaprocal interaction
except what 15 produced by means of 1mmediate con-
tact, € g, the transmussion of motion by tmpact, pressure
or pull, heatng or inducing combustion by means of a
flame, ctc  To be sure, gravaty, that 1s to say, a force
acung at a distance, does play an important part in every-
day expenience  But since the gravity of bodies presents
1self to us 1 common hfe as something constant,
dependent on no vartable semporal or spatial cause, we
do not ordinanly think of any cause in connection with
1t and thus are not conscious of 1ts character as a force
acting at a distance It was not ull Newton's theory of

gravitation that a cause was assighed to 1t, 1t was then
explaned as a force acung at a distance, due to mass
Newton's theory certamly marks the greatest step ever
taken in linhing up natural phenomena causally And
yet his contemporaries were by no means sansfied with
16, beetase ¢ seerned o coneradret dhe prmaple derreed
from the rest of expertence, that reaiprocal acuon only
takes place by means of direct contact, not by direct
acuion at a distance, without any means of transmsston
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I worked on these problems from 1912 1o 1914
together with my fnend Grossmann  We found that
the mathemancal methods for solving problem (1) lay
ready 1o our hands i the mfimtestmal differennal cal-
culus of Ricar and Levi-Civita

As for problem (2), 1s solunon obviously needed
invarant differenaal systems of the second order takerd
from g,y 'We soon sasw thar chese had already been
established by Riemann (the tensor of curvature) We
had already considered the nght field-equations for
gravitation two years before the publicanon of the
general theory of relanvity, but we were unable to sce
how they could be used 1n physies  On the contrary, 1
felt sure that they could not do justice to expenence
Moreover I belteved that I could show on general con-
sideratons that 2 law of gravitaon mvariant in relation
to any transformation of co-ordmates whatever was
inconsistent with the prinaple of causation  These were
errors of thought which cost me two years of exces-
stvely hard work, unal I finally recogmsed them as such
at the end of 1915 and succeeded 1n hinking up wath the
facts of astronomical expertence, after having ruefully
returned to the Riemannian curvature
r In the bght of knowledge attamned, the happy achieve-
ment seems almost a matter of course, and any ntelbgent
student can grasp 1t without too much trouble  But the
years of anxious searchmg m the dark, with ther
mtense longmng, their alternanons of confidence and
exhaustion, and the final emergence mto the light,—
([)}:ﬂy those who have expenenced 1t can understan

at
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other beyond the small deformatons which correspond
to the waves of light
This theory, also called the theory of the stanonary
luminiferous ether, denved strong support from the
experiments, of fundamental importance for the spectal
theory of relanvity too, of Frzeau, which proved con-
clusively that the lummferous ether does not parucipate
n the motons of bodies The phenomenon of aberra~
u&n also lent support to the theory of the quasi-ngid
ether
The evolution of electrical theory along the hines laid

down by Cletk Maxwell and Lorentz gave a most
peculiar and unexpected turn to the development of
our 1deas about the ether For Clerk Maxwell himself
the ether was sull an entity wath purely mechanteal
propertes, though of a far more complicated kind than
those of tangible sold bodies But neither Maxwell
nor hus successors succeeded 1n thinking out a mechamcal
model for the ether capable of providing a satsfactory
mechanieal mterpretation of Maxwell's laws of the
clectro-dynamuc field The laws were clear and simple,
the mechanical interpretanons clumsy and contradictory

Almost 1mpercepubly theorencal ‘physicists adapted
themselves to this state of affurs (which was a most
depressing one from the pount of view of therr mechan-
1tic programme) especually under the mfluence of the

electro-dynamuc researches of Hemnrich Hertz - Whereas
they had formerly demanded of an ulumate theory
that 1¢ should be based upon fundamental concepts of a
purely mechanucal kind (e g, mass-densines, velocnes,

deformations, forces of gravitanonj, they gradually

became accustomed to admutung electric and magnenc

field-strength as fundamental concepts alongside of the

mechanical ones, without msisung upon 2 mechanical
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Man’s durst for knowledge only acquiesces in such a
dualism relucrantly How could unity i our concep-
uon of natural forces be saved? People could eicher
attemnpt ¢o treat the forces whuch appear to us to act by
contact as acting at a dustance, though only making
themselves felr at very small distances, this was the way
genenally chosen by Newton’s successors, who were
complercly under the spell of buis teaching  Or they
could take the hine chat Newton’s forces acung at a
distance only appeared to act thus directly, that they
were really transmutted by 2 medum which permeated
:Eac:, ather by motions or by an elastic deformation of

1s medwm Thus the desire for unity mn our view of
the nature of these forces led Yo the hypothesis of the
cther It certamly led to no advance m the theory of
gravitanon ot i physics generally to begin wath, so
that people got mto the habit of treating Newton's
law of force as an ureducible amom. But the ether
hypothesis was bound always to play 2 part, even if1t
was mostly a latent one at first, in the thmking o
physicises

When the extensive sinulanity which exasts between
the propertes of light and those of the clastic waves
ponderable bodies was revealed 1 the first half of the
mmetcenth century, the ether hy pothesis acquired 2 new
support It seemed beyond a doubt that light was to be
explaned as the vibration of an elastie, mert medium
fillng the whole of space It also seemed to follow
necessanly from the polansability of lght that dus
medium, the ether, must be of the nature of 2 sold body,
because transverse waves are only possible 1 such a
body and not n a flud This mevitably led to the
theory of the “quast-ngie. * Jumsnsferous ether, whose
parts are mcapable of any motion wath respect to each
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by divesting the ether of 1ts mechamcal, matter of 1ts
electro-magnetic properaies  Inside matersal bodies no
Iess than 1 empty space the ether alone, not atomically
concerved matter, 15 the scat of electro-magneuc fields
According to Lorentz the elementary particles of matter
are only capable of executing movements, their electro-
magnetc actvity 1s entirely due to the fact that they
carry electric charges Lorentz thus succeeded 1n
reducing all electro-magnenc phenomena to Maxwell’s
equations for a field 1n vacuo
As regards the mechanical nature of Lorentz’s ether,
one mght say of 1t, with a touch of humour, that
immobility was the only mechamcal property which
Lorentz left 1t It may be added that the whole differ-
ence which the special theory of relativity made 1 our
concepuon of the ether lay mn ths, that 1t divested the
ether of 1ts last mechamcal quality, namely immobility,
How thus 15 to be understood I will explamn immediately
The Maxwell-Lorentz theory of the electro-magnetic
field served as the model for the space-time theory and the
kinemaucs of the special theory of relanvicy  Hence 1
satsfies the conditions of the speaal theory of relatvity,
but looked-at from the standpomt of the latter, 1t takes
ona new aspect If C1s a co-orainate system 1n respect
to which the Lorentzian ether 1s at rest the Maxwell-
Lorentz equatons hold good first of all 1 regard to C
According to the special theory of relanvity these same
equations hold good 1n exactly the same sense 1n regard
to any new co-ordinate system C, which 1s 1n umform
translatory motion with respectto C ' We are now faced
with the awkward question why the system C, which 1s
phystcally perfectly equivalent to the system C', should
bedisungushed from thelatter by assumung that the ether
15 at rest m respect to 1t Such an asymmetry of the
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wterpretation of them  The purely mechamsac view of
nature was thus abandoned “Ths change led to a dual-
1sm an the sphere of fundamental concepts which was
the long run mtolerable To escape from 1, the con-
verse attempt was made to reduce mechameal concepts
to clectncal ones  The expeniments with p-rays and
high veloaty cathode rays did much to shake confidence
1 the striee validity of Newron’s mechanscal equations

Hemnnich Herrz took no steps towards munigating this
dualsm  Matter appears 1n fus work as dhe substracum
not only of veloanes, kinenc energy, and mechamcal
forees of gravity, but also of electro-magnenc fields
Since such fields are also found n a vacuum—te,
unoccupied ether—the ether also appears as the sub-
stratum of electro-magnenc fields, entrely similar 1n
natute to ponderable matter and ranking alongside 1r
In the presence of matter 1t shares in the motons of the
latter and has a veloaty everywhere i empty space,
the ether veloary nowhere changes discontimuously
There 1s no fundamental disuncuon between the Hert-
z12n cther and ponderable matter, which partly consusts
of ether

Hertz's theory not only suffered from the defect that
1t attnbuted to matter and the ether both mechanical
and electrical properties, with no rational connecuon
between them, 1t was also nconsistent wath the result
of Fizeaw’s famous expenment on the veloaty of the
propagation of hght m a iqud 1n mouon and other
well-authenticated empinical facts

Such was the posinon when H A Lorentz entered
the field. Lorentz brought theory mto harmony with
expenment, and did 1t by 2 marvellous stmphfication of
basic conceprs  He achueved thus advance m the saience
of electnaty the most important since Clerk Maxwell,
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by divesung the ether of its mechanical, matter of its
electro-magnene properties. Inside material bodies no
less than in empty space the ether alone, not atomically
concewved matter, is the seat of electro-magnetic fields.
According to Lorentz the clementary parucles of matter
are only capable of executing movements; their electro-
magnetic activity 1s entirely due to the fact that they
carry electric charges. Loremiz thus succeeded in
reducing all electro-magnetic phenomena to Maxwell’s
equations for a field 1n vacuo.

As regards the mechanical nature of Lorent2’s ether,
one mght say of it, with a touch of humour, that
immoblity was the only mechanical property which
Lorentz left it. It may be added thar the whole differ-
ence which the special theory of relativity made 1 our
conception of the ether lay mn this, that 1t divested the
ether of 1ts last mechanucal quality, namely immobihty,
How thus is to be understood I will explain immedrately.

The Maxwell-Lorentz theory of the electro-magneuc
fieldserved as the modet for the space-tume theoryand the
kinemaucs of the special theory of relanwity. Hence it
satsfjes the conditions of the spectal theory of relatmity ;
but looked-at from the standpomnt of the latter, 1t takes
on anew aspect If C1s a co-oramate system 1n respect
to which the Lorehtzan ether 1s at rest, the Maxwell-
Lorentz equations hold good first of all i regard to C.
According to the speaal theory of relativity these same
equations hold good 1n exactly the same sense 1n regard

to any new co-ordmate system C’y which 1s in uniform

translatory motion with respect to C. We are now faced

with the awkward guestion why the system C. which 1s

physically perfectly equivalent to the system C’, should

bedistinguished from the latter by assumung that the ether

is at rest in respect to it. Such an asymmetry of the
. 197



THE WORLD AS I SEE IT

theoretical structure, to which there 1s no corresponding
asymmetry 1n the sy stem of empinical facts, 15 intolerable
to the theonst In my view the physteal cquisalence of
C and C’ with the assumption that the ether 1s at rest
respect to C but m motion wath respect to C’, though
not absolutely wrong from a logical pomt of view, 1s
nevertheless unsausfactory

The most obvious line to adopt mn the face of this
sttuation seemed to be the following —There 1s no such
thing as the ether The electro-magneuc fields are not
scates of a medium but mdependent realines, which
cannot be reduced to terms of anything clse and are
bound to no substratum, any more than are the atoms
of ponderable matter  This view 1s rendered the more
natural by the face that, according to Lorentz’s theory,
electro-magnetic radiation carrzes 1mpulse and energy
ke ponderable matter, and thar matter and radianon,
according to the spectal theory of relauvity, are both
of them only parncvlar forms of distrbuted energy,
mnasmuch as ponderable mass loses 1ts exccption
position and merely appears as 2 parncular form of
energy .
In the meantime more exact reflection shows that ths
denial of the existence of the ether 1s not demanded by
the restricted prinaple of relativity . We can assume the
exastence of an ether, bue we must abstawn from ascribing
a definite state of motion to 1t, 1¢, we must divest 1e b
abstraction of the last mechanical charactenstic “hlcl
Lorentz left to 1t We shall sec later on that chis way of
locking ar 1e, the mrelectual pombdxg of which I shall
try to make clearer by a companson that does not quite
go on all fours, 1s yusufied by the resules of che general
theory of relauvity

CTonaider waves on the surface of warer  There are
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two quite different things about this phenomenon which
may be described  One can trace the successive changes
which take place 1n the undulanng surface where the
water and the air meet  One can also—wath the aid of
small floatmg bodses, say—trace the successtve positions
of the indivadual particles  If there were in the nature of
the case no such floating bodies to aid us 1 tracing the
movement of the particles of hiquid, 1f nothng at all
could be observed m the whole procedure except the
fleeting changes 1n the position of the space occupied by
the water, we should have no ground for supposing that
the water consists of particles  But we could none the
less call 1t 2 medium
Something of the same sort confronts us in the electro-
magnetc field We may concerve the field as consisung
of Imes of force If we try to think of these lines of
force as something matenal in the ordinary sense of the
word, there 15 2 temptation to ascnbe the dynamuc
phenomena 1nvolved to their motion, each single hine
bemg followed out through ume It 15, however, well
known that this way of looking ac the matter leads to
contradictions
Generalising, we must say that we can conceve of
extended physical objects to which the concept of
motion cannot be apphied They must not be thought
of as consisting of particles, whose course can be fol-
lowed out separately through ttme  In the language of
Minhowski this 15 expressed as follows —Not every
extended entity 1n the four-dimenstonal world can be
regarded as composed of world-liies The special
panaple of relanvity forbids us to regard the ether as
composed of partcles, the movements of which can be
followed out through time, but the theory 1s not incom-
pauble with the ether hypothesis as such  Only we
199
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must take care not to ascnbe a state of monon to the
ether

From the pomnt of wview of the speaal theory of
relatrvity the cther hypothesis does certamly seem an
empty one at first sight  In the equations of an electro-
magnenc field, apart from the density of the electnical
charge, nothing appears except the strength of the field
The course of electro-magnenic events 1 a vacuum
seems to be completely determuned by that mner law,
and indcpendent of other physical quanunes The
electro-magnenc ficld seems to be the final areduable
reality, and 1t scems superfluous at first sight to postulate
2 homogeneous, 1sotropic cthenic medium, of which
these ficlds are to be considered as states

On the other hand, there 1s an important argument
1 favour of the ether hypothesis To deny the exastence
of the ether 15, m the last analysss, to deay all
physical properues to empty space  But such a view 15
inconsistent with the fundamental facts of mechanics
The mechanteal behaviour of a corporeal system floatung
freely n empty space depends not only on the relative
postcons {intervals) and veloanes of 1ts masses, but also
on s state of rotauon, which cannot be regarded,
physically speaking, as a property belonging to the
systemassuch In order to be able to regard dhe rotation
of a system at least formally as something real, Newton
regarded space as objecuve  Since he treats his abso-
lute space as a rcal thing, rotauon with respect to
absolute space 1s also something real to hum  Newton
could equally well have called Ius absolute space ““the
ether”, all that matters 1s that another and imperceptible
entity, 1n addinon to observable objects, has 1o be
regarded as real, 1n order that acceleranon, or rotaton,
may be regarded as real
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Mach did mdeed try to avord the necessity for postu-
lating an impercepuble real enaty, by subsututing 1n
mechamies a mean veloctey with respect to the totahey
of masses 1n the world for acceleration wath respect to
absolute space  But wnertal resstance with respect to
the relative acceleraton of distant masses presupposes
direct action at a distance  Stnce the modern physiaist
does not consider himself entitled to assume that, s
view brings ham back to the ether, which has to act as
the medium of mernal action  This conception of the
ether, to which Mach’s approach leads, differs m
important respects from that of Newton, Fresnel and
Lorentz  Mach’s ether not only conditions the behaviour
of mnert masses but 15 also conditioned, as regards 1ts
state, by them

Mach’s nonon finds 1ts full development 1n the ether
of the general theory of relaavity According to thus
theary the metrical properties of the space-time con-
tinuum 1n the neighbourhood of separate space-time
pomts are different and conjomdy conditoned by
matter extsung outside the region mn queston  This
spatio-temporal varabihity of the relanons of scales and
clocks to each other, or the knowledge that “empty
space” 15, physically speaking, neither homogeneous nor
ssotropic, which compels us to describe 1ts state by means
of ten functions, the gravitanonal potentials gy, has no
doubt finally disposed of the noton that spacc s
physically empty  Bue thus has also once more given
the ether nonion a defimite content—though one very
different from that of the ether of the mechameal wave-

of boht  The ather of the genenl theary of
relanviry 1s 2 medium which 1s atself free of all mechamcal
and hinemanc properues, but helps 1o determine
mechameal (and clectro-magnenc) events
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The radical novelty 1n the ether of the general theory
of relativaty as agamst the cther of Lorentz lies i this,
that the state of the former at every pomnt 15 determined
by the laws of 1ts relanonshtp with matter and with the
state of the cther at neighbouning pomts, expressed m
the form of differennal equations, whereas the state of
Lorentz's ether, i the absence of electro-magnenc fields,
1s deternuned by nothing outside 1t and 15 the same
everywhere The ether as concerved by the general
theory of relanvity passes over mto Lorentz's 1f con-
stants are subsatuted for the spatial funcuons deseribing
1ts state, thus neglecting the causes condiionng the
latter One may therefore say that the cther of the
general theory of relauvity 15 derved by relativisation
from the ether of Lorentz

The part which the new ether 1s destined to play
the physical scheme of the future 15 sull 2 matter of
uncertamnty We know that it determunes both matersal
relanons in the space-time contintum, ¢ g, the possible
configurations of solid bodics, and also gravtatonal
fields, but we do not know whether 1t plays a matenal
pare mn che structure of the eleanc particles which
constitute matter Nor do we know whether s struc-
ture only differs materally from that of Lorentz’s in

the proximity of ponderable masses, whether, m fact,
the geometry of spaces of cosmuc extent 13, taken as 2
whole, almost Euclidean 'We can, however, mamntun
on the strength of the relanuistic equanons of graviea-
tion that spaces of cosmuc proportions must depart from
Euclidean behaviour 1f there 15 a poninie mean denuty
of matter, however small, in the Universe  In this case
the Universe must necessanly form a closed space of
finute size, thy size beng deternuned by the value of

the mean dennity of matter
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If we consider the gravitational field and the electro-
magnetc field from the standpoint of the ether hypo-
thesis, we find 2 notable fundamental difference berween
the two No space and no portion of space 15 without
gravitational potental, for this gives 1t 1ts metncal
properties without whch 1t 1s not thunkable atall The
exstence of the gravitatnonal field 1s directly bound up
with the existence of space On the other hand, a por-
tion of space without an electro-magnetc field 1s per-
fectly concetvable, hence the electro-magnenc field, in
contrast to the gravitauonal field, seems 1n a sense to
be connected wath the ether only 1n a secondary way,
since 1ts formal nature 1s by no means determuined by
the gravitational ether In the present state of theory 1t
looks as 1f the electro~magnetc field, as compared with
the gravitational field, were based on a completely new
formal motive, as if nature, nstead of endowmg the
gravitational ether with fields of the electro-magneuc
type, mught equally well have endowed 1t with fields of
a quute different type, for example, fields wath a scalar
potennal

Since according to our present-day notons the pr-
mary partcles of matter are also, at bottom, nothing but
condensations of the electro-magnenc field, our modern
view of the Umverse recognses two realities which are
conceptually quite independent of each other even
though they may be causally connected, namely, the
gravitanonal ether and the electro-magnetc field, or—
as one mught call them—space and matter

It would, of course, be a great step forward 1f we
succeeded m combining the gravitanonal field and the
clectro~magnetc field 1nto 2 single structure  Only so
could the era 1n theoreucal physics maugurated by Fara-
day and Clerk Maxwell be brought toa sausfactory close
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The anuthesis of ether and matter would then fade
away, and the whole of phystes would become a com-
pletely enclosed imtellectual system, like geometry,
kanemaucs and the theory of gravitauon, through the
general theory of relanvity An exceedingly brilliane
attempt 1n this direction has been made by the mathe-
manclan H Weyl, but I do not think that 1 wall stand
the test of reality Moreover, m dunking about the
immedsate future of theoretical physics we cannot
unconditionally dismuss the possibalicy that the facts
summarized 1n the quantum theory may sct 1mpassable
Iimats to the field-theory

We may sum up as follows —According to the
general theory of relanvity space 1s endowed with
physical qualities, in this sense, therefore an cther
exists  Space wichout an ether 15 mconcavable For
1n such a space there would not only be no propagation
of light, but no possibility of the exastence of scales and
clocks, and therefore no spatio-temporal distances i
the physical sense  But tlus ether must not be thoughe
of as endowed with the properues charactersac of
ponderable medua, as composcr]P of particles the motion
of which can be followed, nor may the concept of
mounon be apphed to 1t

The cause of the formation of n canders 1 the conrses of
rivers and of Beer's Lan,, as st 1s called

It 15 common knowledge that strcams tend to curve
m serpentine shapes mstead of followang the line of the
maxumum declivity of the ground _Itisalso well known
to geographers that the nivers of the northemn hemu-
sphere tend to erode clucfly on the nght side  The
mers of the souzhcmhcnuspixcre behasven the opposite
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way (Beer’s law) Many attempts have been made
to explamn this phenomenon, and I am not sure whether
anything I say m the following pages will be new to the
expert, some of the relevant consideranons are 1 any
case known Nevertheless, having found nobody who
thoroughly tnderstood the elementary prmaples -~
volved, T think 1¢ 15 proper for me to give the following
short qualitanve exposition of thern
Furst of all, st 1s clear that the erosion must be stronger
the greater the velocity of the current where it touches
the bank 1n question, or the more steeply 1t falls to zero
at any particular pomt of the confining wall This 1s
equally true under 4l circumstances, whether the ero-
ston depends on mechamcal or on physico-chemical
factors (decomposition of the ground) We must con-
centrate our attention on the arcumstances which affect
the steepness with which the velocity falls at the wall
In both cases the asymmetry'in relation to the fall 1n
veloaty i question 15 indirectly due to the occurrence
of 2 aircular motion to which we will next direct our
attention I begin with a lietle experiment which any-
body can easily repeat
Imaginea flat-bottomed cup full of tea At thebottom
there are some tea-leaves, which stay there because chey
are rather heavier than the liqud they have displaced
if the hiquid 15 made to rotate by a spoon, the leaves wall
soon collect 1 the centre of the bottom of the cup
The exphnaton of this phenomenon 15 as follows —
The rotation of the liqud causes a centnfugal force o
acton 1t This in 1eself would give nisc to no change in
the flow of the hiquid if the latter rotated like a solid
body But i the neghbourhood of the walls of the
cup the hqud 15 restramed by friction, so that the
angular veloaty with which 1t arculates 1s less there
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than 1n other places nearer the centre. T particular, the
angular veloaity of circulation, and therefore the centri-
fugal force, will be smaller near the bottom than higher
up. The result of thus will be 2 crcular movement of
the hiquid of the type rllustrated 1n Fig. 1, which goes on
increasing unal, under the nfluence of ground friction,
it becomes stationary. The tea leaves are swept mto
the centre by the circular movement and act as proof

of its exstence.

The same sort of thing happens with a curving
strccam (Fig 2) At every section of jts course, where
1t 1s bent, a centnfugal force operates 1n the direction of

Fig t

\ A-B
A semsecdoamedees 1
t r
/ Vertcal Section
Ground Flan
Fig 2

the outside of the curve (fromAtoB)  Thus force 1s less

strong near the bottom, where the speed of the current

1s reduced by fricnon, than ligher above the bottom.

Thus causes 2 arcular movement of the kind dlustrared

m the dugram  Even where there 13 no bend in the
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niver, a circular movement of the kind shown n Fig 2
will sull take place, 1f only on a small scale and as a
result of the earth’s rotatton  The latter produces a
Corolis force, acting transversely to the direction of
the current, whose mght-hand honizontal component
amounts to 2 v sin ¢ per ume of mass of the liqud,
where v 15 the veloaty of the current, Q the speed of
the earth’s rotation, and ¢ the geographical lantude
As ground frichion causes a dimnution of thus force
towards the bottom, this force also gives nise to a curcu-
lar movement of the type mdicated m Fig 2
After this prehmumnary discussion we come back to
the question of the distnbunoh of velocities over the
cross section of the stream, which 1s the controling
factor n erosion  For this purpose we must first realise
how the (turbulent) distrbution of velocines takes
place and 1s maintaned  If the water which was pre-
viously at rest were suddenly set in motion by the
action of an evenly diffused accelerating force, the dis-
trbution of velocities over the cross section would be
even at fist A distnbution of veloctties gradually
mcreasing from the confimng walls towards the centre
of the cross sectnon would only establsh sself after a
ume, under the mfluence of fricnon at the walls A
disturbance of the (roughly speaking) stanonary dsseri-
bution of veloaites over the cross section would only
gradually set 1n again under the nfluence of flud fric-
tion Hydrodynamues explamns the process by which
this stationary distnibution of velocities 1s established n
the followng way —In a systematic distribuuon of
current (potential low) all the vortex-filaments are con-
centrated at the walls  They detach themselves and
slowly move towards the centre of the cross-section of
the stream, distnbutng themselves over a layer of
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mcreasing thickness The drop 1 veloaty at the con-
taning walls thereby gradually dimumshes  Under the
action of the mrernal fricuon of the hquid the vortex
filaments 1n the mside of the cross secuon gradually get
absorbed, theuwnilﬂacc being taken by new ones winch
form at the A quasi-stationary disenibution of
velocities 1s thus produced The important thung for us
15 that the adjustment of the distnbution of veloates
all 1t becomes stationary 1s 2 slow process That1s why
relatively msigmificant, constantly operative causes are
able to exert 2 constderable mfluence on the distribution
of veloaines over the cross secnon  Let us now con-
sider what sort of mnfluence the arcular motion due to
a bend 1n the nver or the Corolis-force, as dlustrated 1n
Fig 2, 15 bound to exert on the distributton of veloaiies
over the cross secuon of the niver  The parucles o
kquid 1n most rapid motion will be furthest away from
the walls, that 15 to say, m the upper part above the
centre of the bottom ~ These most rapid parts of the
water will be dnven by the arculat moton fowards the
nght-hand wall, while the lefi-hand wall gees the
water which comes from the region near the bottom and
has a specally low veloaty Hence i the case depicted
m Fig 2 the crosion 1s neeessanly stronger on the nght
side than on thelefc It should be noted zﬁat this explana~
tion 15 essennially based on che fact thar the slow arcu-
laung movement of the water exerts 2 consderable
influence on the distnbution of veloaties, because the
adjustment of veloaties which counteracts this conse-
quence of the arculating movement is also a slow pro-
cess on account of meemnal fncaon

We have now revealed the causes of the fonmnangg

meanders  Certaun detuls can, however, also
deduced wathour difficulty from these facts. Erosion
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will mevitably be comparatively extensive not merely
on the nght-hand wall but also on the nght half of
the bottom so that there will be a tendency to assume
the shape illustrated 1n Fig 3

Moreover, the water at the surface will come from
the lIeft-hand wall, and wall therefore, on the left-hand
sde especnnily, be moving less rapidly than the water
rather lower down It should further be observed that
the arcular motion possesses mertia The arculation
will therefore only achieve its maximum extent behind
the positon of the greatest curvature, and the same
naturally apphes to the asymmetry of the erosion
Hence 1n the course of erosion an adwance of the wave-
Tines of the meander-formanon 1s bound to take place

W

Fig 3

m the direction of the currene  Finally, the longer the
cross section of the nver, the more slowly will the
arcular movement be absorbed by fricton, the wave-
line of the meander-formatuon wll therefore wncrease
with the cross section of the niver

The Flettuer-ship

The history of sacnufic and techmecal duscovery

teaches us that the human race 1s poor 1 mdependent

g and creatve imagnatnon  Even when the

external and saenufic requirements for the birth of an
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idea have long been there, 1t gencrally needs an external

stimulus to make it actually happen; man has, so to
speak, to stumble nght up agamst the thing before the
idea comes. The Flettner-ship, which is just now filling
the whole world wath amazement, 15 an excellent
example of this commonplace and, for us, far from
flatrening truth. It also has the special arraction 1n ats
favour that the way mn which the Fletter rotors work
remans 2 mystery* to most laymen, although their
action can be explaned by mechamcal forces which we
all believe ourselves to understand insancavely.

The scientific basis for Fletmer's mnvenuon 1s really
some two hundred years old. It has existed ever since
Euler and Bernoullt determuned the fundamental laws
of the fncuonless motion of liquids The practical
possibility of achieving 1, on the other hand, has only
cxisted for a few decades—to be exact, since we have
possessed ju'acnmblc small motors Even then the dis-
covery did not come automaucally, chanee and expen-
ence had 1o intervene several ames first

The Hetmer-ship 15 closely akin to the suling-ship 1n
the way 1t works, as in the latter, the foree of the wind
15 the only mouve-power for propelling the ship, but
instead of sails, the wind acts on vertcal sheet-metal
cybnders, which are kept rotanng by small motors
These motors only have to overcome the small amount
of fricion which the cylinders encounter from the sur-
rounding air and m their bearings  The mouve power
for the ship 15, as I saud, provided by the wind alone
The mtntxrrlgc) Linders looE Iike ship's funnels, only they
are several ames as high and thick  The arca they
present to the wind 1s some ten nimes smaller than that
of the cquivalent tackle of a saling-ship

“Bu:?ww on carth do these rotanng cy knders pro-
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duce motive power?” the layman asks m despar 1
will attempt to answer this question as far as 1t 15
possible to do so wathout using mathemaucal lan-
guage

In all motons of flnds (liquids or gases) where the
effect of friction can be neglected the following remark-
able law holds good ~IF the fluud 1s moving at different
veloaties ac different ponts m a umform curzent, the
pressure 15 less at those pomts where the veloaty 15
greater, and vice versa  Tlus 1s easily understood from
the pnmary law of the motion  Ifin a liquid 1n motion
there 15 present a veloaty with a nghe-ward direction
mcreasing from left to nghe, the mdividual parucle of
liqutd 15 bound to undergo acceleration on 1ts journey

Part cle of Liqud

Pressure

Pressure
ontheleft —> “— onthe nght

Acceleraton
Fg 4

from left to nghe In order that this acceleration may
take place, a force has to act ont the particle m a nght-
ward direcion  This requires that the pressurc on 1ts
Ieft edge should be stronger than that on 1ts nght
Therefore, the pressure mn the! hquid 15 greater on the
left than on the nght when the veloaty 1s greater on
the nght than on the lefe

This law of the inverse ratio of the pressure to the
veloaity obviously makes 1t possible to determimne the
force of pressure produced by the monon of a hqud
{or gas), sumply by knowing the distribution of veloci-
tes 1 the fimd T will now proceed to show, by a
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farbar example—that of the scent-spray—how the
principle can be applied.

_ Through a pipe shghely widened at 1ts aperture A air
is expelled at 2 lugh veloaty by means of a compressible
f'ubbcr bulb.. The jer of air goes on spreading uniformly
in all direcuions as it travels, in the course of which the.
velocity of the curreiit gradually sinks to zero. Accord-
ing to our law it is clear that there 1s less pressure at A,
owmg to the lugh velocity, than at a greater distance

Nt 4
r'd ~
/P )
v
Fig 3

from the aperture; at A there 15 suction, in contrast to
the more distant, stanonary air. If 2 pipe P, wath both
its ends open, 15 stood up wach 1ts upper end wn the zone
of high velociry and 1ts lower end 1n a vessel filled with
a liquid, the vacuum at A wall draw the iquid upwards
out of the vessel, and the liquid on emerging at A wall
be divided 1nto tny drops and whisked off by the
current of arr,

After this prelimunary canter let us consder the
moton of a fluid around a Flettner cy linder.

Let C be the cylinder as scen from above. Let it not
rotate to begin with  Let che wind be blowang 1 the
direction indicated by the arrows. It has o make a cer-
tamn detour round the cylinder C, 1n the course of which
it passes A and B at the same velodity, Hencr the pres-
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sure will be the same at A and B, and there 1s no dynamic
effect on the cylinder. Now let the ¢ylinder rotate 1
the directon of the arrow P. The result 15 that the
current of wind as 1t goes past the cylinder 1s divided
unequally between the two sides, for the motion of the
wind will be arded by the rotation of the cyhnder at B,
and hindered at A The rotanon of the cylinders gives
mse to 2 motion with a greatér veloaity at B than at A

Hence the pressure at A 15 greater than at B, and the
cyhnder 15 acted upon by a force from left to mghe,
which 1s made use of to propel the ship.

One would have thought that an inventive brain
mught have hit upon this 1dea by wtself, 1e, wathout an
extrancous cause However, what actually happened
was as follows It was observed in the course of expen-
ence that even 1 the absence of wind the trajectones
of cannon balls exhibited considerable, irregular, and
varable lateral deflections from the verncal plane
through the mital direction of the shots  Thus strange
phenomenon was necessanily connected, on grounds of
symmetry, with the rotation of the cannon balls, as
there could be no other concervable reason for a lateral
asymmetry 1 the resstance of the ar  After this
phenomenon had caused a good deal of trouble to the
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experss, a Berlin professor of physices, Magnus, dis-
covered the right explanation about half way through _
last century. It is the same as the one I have already
given for the force which acts.on the Fleemer cylinder
in the wind; orily the place of the cylnder Cis taken by
a cannon ball rotating abour a verrical axis, and that of
the wind by the relative motion of the air with refercnce
to the flying cannon bill. Magnus confirmed his
explanation by cxperiments with a rorating cylinder,
which was not materially different from a Fletmer
cylinder. A hede later the great English physicist Lord
Rayleigh independently discovered the same phe-
nomenon again in regard to tennis balls and also gave
the correct explanation. Quite a short dme ago the
well-known professor Prandtl made an accurate experi-
mental and theoretical study of fluid motion around
Magnus cylinders, in the course of which he devised and
carried out pracucally the whole of Fletmer’s invention.
Prandil’s expertments were scen by Flettner, and sug-
gested to him thar this device might be used to take the
place of sail. Who knows if anyone else would have
thought of 1t 1f he had notz,



