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p,» 9. onder, The develorment of the workd of thought is
in some senase a continuous licht from wonder.
Wonder at compass, No nerceptible cause, push, Child
of 4 or 5 years,
Wonder of totally diffoerent kind at aps of 12 ovar
Euclid's elements, TLucldlbty and certainty.

pe 11 . Epistemoloplcal credo.

"I gee of the one side the totallty of sense-~sXveriences
and, on the other, the totality of the conterts and propositions whi
which are laid dovn in books. The relations betveen the concepts =z
and propositions amons themselves and sach other are of a logleal
nature, and the business of lorical thinking is strictly limited
/13/ to the achievement of the connection between concepts and
proposltions among each other according to firmly laid down
rules, which are the concern of loric, The concents and the
propos.tions pet "meaning," viz."content", only throuch thelr
connection with sense exveriences, The connection of the latter
with the former ispurely Intuitive, not itself of a loslcal
natures, The degree of certainty with which this connecilon, viz,,
intultive combination, can be untertaken, and nothéng elss,
differentintes empby phantasy from scisntific "truth.” The
system of concents is a creatbion of man torether with the rules
of syntax, whlch constitute the structurs of the concentucl
gystems, Although the concertual systems are logleally entirely
arbitrary, they arve bound by the ~lm to permit the most nearly
possible certaln (intuitive} and complete coordinetion with
the totality of sense-exneriences; secondly they aim at greatest

osglble sparsity of thelr lorically incde-endent elements
basic concepts and axioms), i,e., undefined concepts and
underived (postulated) propositions,

"4 proposition 1lg correct if, within o loglcal system,
it 1s deduced according to the accepted logical rules, A systenm
has truvth content according to the certalnty and mompletensss
of its coordination-possiblility to the totality of exnerience,

A correct proposition borrows its"truth¥from the truth~content
of the system to which it vbelonga,

"oe. Hume saw clearly thnt certain concepts, as for =x
exanmple that of causaliby, cannot be deduced from the muterial
of exmerience by logical methods. Kant, thoroughly convinced
of the indispensability of cerbain concepts, took them -- just
as they are selected [? by scientists 2} -- to be the necessary
premlses of every kind of thinking and differentiated them
from concepts of empirical oririn., I am convinced, hovever,
that this differentiation is erronsous, l.e,, thet it de s not
do Justice to the problem in a natural way, All concepls, even
those closest to experlence, are from the point of view of logic
freely chosen conventions, just as ls the case with concept

of causality, with which this problematic concerned 1tself in
the first irstance."
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pe 15. "At the age of 12.16 I familiarixed myself with the
elements of mathematlcs torether vi th the principles of the
differentlal and Intesral caleulus., In doing so I had the good
fortune of hltting up [upon] books which were not too particular
In their logical riror, but which made up for this by permitting
the main thouchts to stand out c¢learly and synoptically. Thisz
veese I algo had the mood fortune of rettine to lmow the
egsential results and netnods of the entire fleld of the

natural sclences In an excellent popular exposition, which
1imited itself almost throushout to qualitative aspects
(Bernstein's "Peoplets Books on Natural Science," 5 or 6 vols]

Tarned from mntht's because split into srecialfiles
each of which could take un 2 1ife time,

"This was obviously due to the feet that my intuition
vag net strong encugh in the field of mathematics in order to
differentiaste clearly the fundamentally important, that which
is really basiec, from th: rest of the more or lo ss dispensable
eruditiong,"
pe 17 "In this field [physics], hovever, I soon learned to
gcent out that which was able to lead to fundamentals and to
turn aside from everybhing else, from the multitude of thin%s
which clutter up the mind and dlvert it from the essential,

Cormlaint about oblimatory crammine of all sorts of stuff,

"It 1z, in fact, notiing short of o miracle that the
modern meiliods of instruction have not vet entirely strangled the
holy curiosity of inoulry; for this ‘elicnte 1little plant, aside
from stimuls tion, stands mainly in need of freedom; without
this it goes to wreek and ruin without fail.% It is a very grave
mistake to think that the enjoyment of seelng ond searching
can be promeoted by means of coercion and a sense of duty."

Physics,

XId th century based 1t on mechmnics, Even Maxwell
and Hertz did so, though in retrospect they apnear as thae ¢ who
dethroned m chanics,
pal "It was Ernst Mach who, in his History of Mechanics,
shook this dogmatic faith; this book exercised a profound influence
upon me in this rvegard wnile I was a shucent, I see mach's
greatness in his incorruptible skepticism and Independence; In
my younger years, hovever, Mach's epistemolopicel position also
influenced me very rreatly, a positicn which today appsars to me
to be essentially untenable, For he did not place in the correct
lizht the essentially consuructive and speculative nature of
thoupht and more especially of scilentific thou ht; In conssquerre
of wihich he condermned theory on preclsely those points where
its constructive-speculetive charact r unconcenlably comes to
light, as for example in the kinetic ¥ieomny~ef, atomic theory,"

Basis for Critique of Physical Theory.

2/ f "Phe firast point of view 1s obvious: the theory must not
contbradict empirical facts, However evicent this demand may ba
in the filrst ixxkanez place ap-ear, its apolicetion turns out to
be quite delicote. For it 1s often, perhaps even always, possible
to adhere to a general theoretical foundatlon by securing the
adaptotion of the theory /23/ to the facte by means of artificisl
acditional aasumptions,”
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DPe 23 "The second point of view 1s not cemmerned with

the relatlion to the material of observation but with the premises
of the theory itself, .1th what may briefly but vaguely be
characterized as the "naturalfeas' or "logical simplicity® of

the premises (of the basic corncepts and of the relaibna between
these .hich are teken as a basis)}. This point of view, an

exact formulation of which meets with -ret difficulties, has
played an importvant role in tihwe selection and evaluation of
tireorles since tlme immemorial, ‘The problem here is not simply
one of a kind of enumeration of the lorically inderendent premises
(Lf anything like this were at all une uivocally possible), buk
that of a kind of reciprocal welrhinsm of iIncomsensurehle qualitles.
Furthermeore, among theoriss of euunally "simple' foundation thav one
Is to be taken as superior which most shrrply Gelimits the
qualitdes of the system in the rnbstract (l.e., contalns the most
deflrite claims), Of the realm of theoriés I need not speak here,

lnasmuch as we are conflning ourselves to such theoriea 3
whose object is th. tovality of 21l physlcal apnearances. The

dgecond point of vlew may bpiefly be characterized ag concerning [
1t self with the "inner perfecti-n" of a theory, wheras the first a
point of view refors to the "external confirmation,"

The following I reckon as slso belonging to the "imner perfection®
of a theory: Ve prize a theory more hirhly if, from the loglcal
standpo nt, it is wt tle result of an arbitrary cholce among
theories which, among themselves, are of eqial value and
analogously constructed,

"The meaper rrecision of the assertions contained
in the last two pararranhs I shall not nitempt to excuse by lack
of sufficlent printing space at my dis-osal, bub confeashereiwht
hersivth that I am not, without more ado [immedistelyl, and perhaps &
not at all, capable to replace these hints by more vrecise definitimsf
I believe, hovever, that a sherper formulation would be possible,
In any case it turns out that amones the “aurnrs" there usually
1s agreewent in judging the "inner perfection! of the/25/ theork s :
and even more so concerning the "degree" of "external confirmation"," §

p. 3%. Impressiveness of a Theory.

"A theory 1s bhe more impressive, the rr ater the
simplicity of its premises 1s, the more dfferent kinds of things
it relates, and the more extended 1s its area of anplicability.
Thereifore the deep impression msde-or-me which classical thormo~
dynamics made upon me. It is the only vhysical theory of unliversal
content concerning whiich I am convinced that, within the framework
of the apolicahility of 1lts hasic concepts, it will newer be over-
thrown {for the speclal attention of those who are skeptics on
principle) ¥

Py 49 Philosophie Prejudice.

"The antipathy of these scholams (Ostwald, Mach)
towards avomic theory can indubitably be traced hack to thelr
positivistic philosophical attitude, This is an Interesting
example of the fact that even scholars of audacious spirit and
fine instinct can he obstructed in the interpretation of facts
by philosophical prejudices. The pre judice -- which has by no
meang dled out in the meantime -- consists in the falth that facts
by themselves can and should yield sclentific knowledre without
free concentuel construction., Such a misconception is posslble
only becruse one does not essily become awarse of the free choice
of sueh conecepts, which, throuvh verificabtion and long usage, appear
to be immediately connected = ith the empirlcal material.




Do DHe Ror’s 2nd cloclks,

in principle of rigid rods ls a presupnositlon susrpested by
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Gritlque of Mechanics, 25 £f. {(as basis of physics)

Pe 29: Newtonian preference for Ilnertisl systems compared to
preforence for vertlesl In theory devlsed by people acgquainted
with only small 2rea of earth's surface and who never saw stars,

"One haz to rnderstand clearly what the spatlal
co-ordinates and the temnoral durabion of events meant in physics.
The physicnl interpretatlon of the spatlal co-opdinates presupnosed
a fixed body of reference, which, moreover, had to be in a more
or Jess definlte state of motion (inertial system). In a given
Inertial system the co-ordinntes meant the results of certaln
measurements with rigid{stationery)rods., {One should always be
consclous of the fact that the presupposition of the existence §

ggrowlnque exwerience, but which is, in principle, arbibrary.)

With such an Lﬁtmrﬁnetntlon of the sp~tlal co-ordinates the *uestion ¢

of the valldity of Buclifean heometry becomes a problem of phyalcs.”
59 ", .. One is struck [by the faet] that the theory

except for the f0ar-diﬂensi nal space) introduces two kinds of

things physical thddgs, i.e., (1) measuring rods and clocks,

(2) all other thinzs, e,~., the slectro~marnetic field, the

material point, ete, This, in a certain sense, 1s inCO“°iStentj

strictly speaking measuring rods and clocks w011d have to be

represented as solutions of che basic equations (objects corsisting

of moving atomic configurations), not, as it vere, as theoretically

self-guffic.ant entities, Howeror, the procedure justifies ilself

because 1t was clear from th: very hezlnning that the postulates

of the sheory are not stron~ encurh to deduce from them sufficimtly

conplete eauatlons to base uponzx such a foundatlon

complete equations 'or vhysical events sufficiently free from

arbitrariness, in order to hase uvon stch a foundation a theory

of measuring rods and clocks, If one ¢i1d not wish %o £oreso

a nhysic:1 Lnterprﬂtqtion of the co~ordinctes in reneral (something
lsiech, in itself, wonld be possible}, it was better to permit A

such inconsistenty /68/ ~- with the obliration, ho ever, of eliminatir

ing 1t at a later stase of the theory, But one must not lesalize the

menticned sin so far as Lo imrcine that Intervals are physical :

entitities of & svecial type, iﬂbPlPSlC&lly different from cther

physical variables ("reducing physics to reomotry," atce)

ps» 53¢ Need of Formal Principle '

"By and by I despaired of the posgibility of
discoverins the true lawvs by menns of constructive efforts
based on known facts, The lon~er -nd the more despairingly I
trisd, the more I came to the convietion that only the discovery
of a unlvsrsnl formal prineinle conld lead us to assured results,
The example I saw befo-e rme was thermodynamics. The zeneral
princlple wae there given In the mrinciple: the laws of nature
are such that it 1s Impossible to co:struct a verpetuum mobile
{of the ©irst and second kind), "
p, 67 "The universal principle of the special theory
of telqtlv1ty 1s corained in the postulste: The laws of physics
are invariant with rQSpecL to the lorentz-transformatlions....
This is the restricting nrineiples for natnrel 1ls-s, compnrable
to the restrictimp principle of the non-existence of the
perpetuuwm moblle which underliesthermodynamics,”
P. 69 Genoral theory, "Natural laws are to be expressed
hy squations which are covavinnt unter LHhe aroup of continuous
coordinate transformations,” E, Nobes that +this is rcstrictive 3
and heuristic inasmuch a8 one hepins f rom the simplest mem equatlions. g
Pe-haps any law could be reformuloted to g~ .is y covariance, "
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