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Chapter V., Space and Tima.

For a varlety of reasons attention is now
directed to the notions of -srace and time. Not only are
these notions puzzling and so interesting, but they throw
considerable light on the =nrecise nature of abstraction,
fhey provide a conerete and familisr context for the fore-
going analyses of emplricsl sclence, and they form a natural
bridge over which we may advance from our examination of
gc1e6nce to an examination of common sense. five

The present chepter falls into f4h¥ sections.
First of all, tnrere is set forth a rroblem that is pecullar
to physics as distinet from ocher nacural six sclences such
a8 chemlstry and blology. Secondly, there is worked out a
descriptive account of srace and time. Thirdly, an attempt
1s made to formulate their shsbtract 1ntelligibility., Fourthly,
vhere follows a discusslion of rods and misk clocks. Finally,
the conerete Intelligibllity of space and time 1s Indicated.

1.  The Problem Pecullar to Physics.

Mw%éw_»«_w
1.1, o formulate vhis problem, distinctlons must

be drawn 1} between propositions and exrressions and 2) between
invarlant and relative expressions.

For present . purposes the distinction between
propositions snd expressions will be indicsted sufficlently
by such Illlustratlive svatesments as the following.

"It 1s cold" and "I1 falt froid" are two
expressicna of the same proposition.

Again, "2 4 2 » 4" and "10 4+ 10 = 100" are
regractively the decimsl and binary expressions of the same
proposition,

Now just as different exrresslons may stand
for the same proposition, so the same expression under different
clreumstances may stand for different pro-csitions. This
fact leads to a distinctlon bebtween Invariant and relative
expressions.

Exrreossaions are named invarilant if, when employed
in sny place or at any time, they stand for the same propositlon,

Expressions are named relative if, when employed
in different places or at dlfferent times, they stand for
different propositions.

Thus, "2 4 2 = 4" gtands for the same proposition
ne. matter where or when iv is uttered, It is invarlant. On
the other hand, "Jolm 1s here now" Rxg stands for as many
different propositions as there are places in which it is uctered
and times at which it is uttered, It 1s xelative.
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1.2 , It 13 not 4ifflcult to discern the reason why
some gXpressions are Invarilant and others are relative. For
1f an expressions stands for an abstract proposition, it contalns
no reference to any partlcular place or time; Iif it contalns
no reference to particular places or times, 1t contains no
element that might vary with varistions of "the plece or time
of the speaker. Inversely, If an exrression stands for a
concrete propoaition, it will contain a refsrence to az particular
place or time and so 1t will include an element that can vary
with variations of the spesaker's position and time,

- The point may be illustrated by contrasting
the use of the copula, "is," in the two expressions, "John is
here," and "Pure water is Hgo.“ In the first exvression,
which stands for a concrete proposition, the copula is relative
to the time of utterance; the rsrammatilcal present tense of
the verb, to be, has its proper force; and saying that John
is here has no Implicatlon that John was or was not here, or
that John will or will not be here. On the other hand, to
gay that pure water 1s MpkxHgz& Hp0 is to utter an abstract
Law of natuve: grammatically, the copula ocours In the present
tense, but it 1s not Intended to confine the force of the
expresaion to the present time., For if really it is true that
pure water ls Ho0, then necessarlly pure water was k Ho0 even
before oxymen was discovered and pure water willl remain HsO
even after an atom-bomb has ellminated anyone Interested In
chemlstrys Im brief, the copwla, "is," in abstract expressions
ocecurs not in themxardwr: ordinary vresent tense but rather in
an Invarlant uvense that sbstracts from particular times,

Qtmelin wllysise .
Led Now 1f the invarisnce or relativity of exrressions
follows from the abstractness or zoercréa concretenessg of the
propositions for which they stand, then, since all mathematical
principles and all nztural laws of the clagsical type are
abstract, it follows that their approprlate expression must
be 1nvqriant.

In fact, such Invarilance of expresslon is secured
automatically In methematics, In chemistry, and in biology.
Bhem There never arose any tendency to write out the multiplication
table or to state the binomial theorem differently in Germany
and France, in the nineteenth or twentieth centuries. In 1like
mamer it would be impossible to find relative expressions
for the hundreds of thousands of formulae for chemical compounds.
Such stavements simply contain no reference to space or time,
and 80 cannot vary with variauions of the sreaker's position
or epoch,

However, the science of physics does mot en joy
the same immunity. Tt investi: ates local movements, and 1t
cannot state thelr laws without some reference to places and
times, Since the laws contain a reference to places and times,
they include an element that can vary with variations of the
speaker's position and time. Accordingly, there arises a problem
peculiar to physics. Just as kha ordinary languase develops
an Invariant copula to express general truths, so too the
physleigt has to find spatio-temporal invarlants, If he 1s
to employ the approprlate invariant expressions in stating
laws of local motion,
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2¢ The Description of Space and Time,

Before tackling the problem peculiar to physics,
it will be well to review the materlals or data that are
involved. GSuch a review is s task for description and, as
we have seen, descriptions are cast in terms of exreriential
conjugates. Accordingly, we shall begln from elementary
oxperlences, work ont the resultant notions of space and tlme,
and show how they necessarily involve the use of frames of
reference and of transformations.

2ol & Ahrra There exist certain elementary and famillar
experiences of looking, moving about, grasping, etc.

The experiences themselves have a duration.
They occur, not all at once, but over time, Moreover, correlative
to the duration of the looking, there 1s the duration of what
is looked at. Correlstive to the duration of the moving, there
ls the duration of what is moved throngh or over. Correlative
to the duratlon of the grasping, there 1s the duratlon of what
1s grasped. Descrlrblvely, then, a duration is either an
Immanent aspect or quallty of an exverience or a correiktive
aspect or quality of what is experienced.

wWhile duratlon is commonly attributed both to
the experlence and to the experienced, extension is attributed
only to the latter. The colors I see, the surfaces I grasp,
the volumes thnrough which I move, all have extension., But
1t would seem paradoxlcal to sreak of vhe extension of the
eéxprerience of seelng, of the experlence of graspling, of ihe
oxperience of moving. Deseriptively, then, extensions are
correlative to certain elemenvary and famlllar experlences,
but They are In the experlenced and not in the expsriencdng.,

Dasgcesgplias, Defywbinus
2,27 7 " Let us now define Space as the ordered totality
of concrete extensions, and Time as the oxrdered tobality of
concrete durations. Further, let us give notice that henceforth,
when Space and Time are written with capltal letters, the words
will be employed in accord wilth the foregoing definivions,

For besides the totalitles of concrete extensions
and concrete durations, there also are merely Imaginary totalitiles
What a man experlences, he also can Imagine., As he experiences
extension, he also Imegines extension. As he experiences
duration, he also lmagines duration. Our concern 1s, not with
imaginary extexnsions or Imaginafmry durations, but with the
concrete extensions and durations correlative to exrerience,

Immediately, h.wever, there arlses an obvlous
difficultye For neither the totality of concrete extensions
nor the totality of concrete duratlons falls within the exrerience
of the human race,/X¥ alone the humen individual. For this
reason the definition refers, not to any totallties, buiv to
ordered totalltisa, It is true enough that only a fragment of
concrete oxtenslon and of concrete duration fall within human
experience, Stlll, one c¢an take that fragment as origln.

Beyond the extensilon that is experienced, there is further
gxkandfion extension; and since it is contlnuous with the
extension of experlence, 1t Is not merely imagined, Simllarly,
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beyond the duration of ex-erience, there is further duratlon,
end since it 1s continuous with the duration of exrerience,
1t is not merely imagined.

There follows a simple ceriterion for distinguishing
between the notlon of concrete Space or Time and, on the other
hand, merely imaginary space or time. wiihin concrete Space
there 1s some extension that is correlative to exrerience;
all other extension In 8pace 1s re¢lated to that concrete extension;
and in virtue of tbau relation all mzhmxazt other extension in

Space is concrete. Similarly, a notion of concrete Tina is
constructed about a nucleus of exrerilenced duration, On the
other hand, merely Imarinary space or .ime contain no part
that is correlstive tvo actusl exrerience,

From the eriferion thore follows a ehwreld-
corollary, Imaginary space or ime may or may not be simnckad
structured about an origin., & But notlions of concrete Space
or Time must be suructured about an origin., For only fragments
of concrete Space or Time enter iInto humen experlence, and so
it is only by a relstional structure to given extensions or
durations that totalitles of extensicrs or durations can be
concrete, In other words, frames of reference are sssential
to the notions of Space and of Time,

LI\ Phamds of-reloronce \ara-drder hg\stpust uves

F%o«m-ﬁﬁ%ﬁumub
2e0 Frames of refwerte roference are siructures of
relations employed to order totalities of extensions and/or
durations. They fall into three maln clasaes: the personal,
vhe publie, and the special.

First, everyone has his personal reference
frame, It moves when he moves, turns when he turns, and keeps
its "now" synchronized with his psychologlcal Dresent. The
exlstence of this personal reference 2 frame 1s witnessed by
the correlation between the place and time of the speaker
and, on the other hand, the meanlng of such words as here, thers,
near, far, rlcht, left, above, below, in front, behind, now,
then, soon, recentlz long ago, eotce.

Secondly, thsre are public reference frames.
Thus, men besome familiar with the plans of bulldings, the
net-work of streets In which they move, the maps of their
citles, countries, continenta. Similarly, they are famillar
with the alternatlion of night and day, with the succession of
weeks and months, with the m@ use of c¢locks and calendars,

Now such relatlonal schemes lknit torether extensiona and durations.
But they are not personal reference frames thay shift aboub
with an Individual's movements, On the gcontrary, they are
publie, comron to many Individuals, and employed to translate
the here and now of the rersonal reference frame into generally
inteIligible locations and dates, Finally, the difference
between personal and public xém reference frames comes oub
clearly in the occurrence of such ~uestlons as, where am I%
What tlme 1s 1t? What 1s the date? Everyone 1s always aware
that he is hgm here and now. But further nowledge 1s reguired
to correlate one's here with a place on & map and one's now
with the reading of a clock or a cclendars
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Thirdly, there are special reference frames.

A baslc position, direction, and Instant are selected.
Coordinate axes are drawn., Divisions on the axes are specified,
and 80 any polnt gf¥ instant can be denoted univocelly as an

(%, 7, 2, %).

Special reference frames may be mathematlcal
afxp or physical. ‘Yhey are mathematical if they order an
Imaginary space and time. They are physlcal if they order
concrete Space and Time., The distinction is brought to light
by selecting any (x, y, z, t) and asking where and when 1t 1s.
For if the frame 1s physlcal, the answer wlll be to indicsate
some precise point in Space and some precise instant in Time.
But if the frame 1is mathematical, the answer will be thatb
any point-instant whatever will do.

2e4 Transformations

There can be as many dlatinet reference frames
of any kind, as there are possible origlns and orientations.

From this multiplicity there follows the problem
of btransposing from statements relastlive to one reference frame
to statements relative to another.

Solutions may be particular, and then they are
obtained by inspection and Ansight. Thus, when two men face
each other, one may observe ithat the region of Space to the
right of one man 1s to the left of the other, and so one concludes
that under such circumstances what for one 18 "right" for the
other is "lefte" In llke manner, meps of different countries
may be correlated by turning to the map of the continent that
includes both countries, and clocks in different positions
may be synchronized by appealing to the earthts spin.

Speclal reference frames admit a more genersl
solution. TLet the point (x, ¥y, 2} in the frame, K, be i1dentical
with the point specified as (x', y', z') In the frame, K!,.

From geometrical conslderatlions it will be possibvle to find

three equations relatingg x, y, and z, respectively to x', y',

and z!' and, further, to show that these equatlons hold for any
point (x, v, z), In this fashion there ars obtained transformation
eguatlons and by the simple process of substitution zx any
statement In terms of x, y, z can be transformed Into a statement
In terms of x', y!', zt. front

For oxample, the wave-fdfpf of a light signal
emitted from the origin of a frame, K, might be the sphere

x° & yz s+ z° = Rl

The equations for transforming from the frame, K, to a frame, K!,
might be

X = xtwvwtlt; y = gy z =8 2t; t = L.

On substitutlng, one wonld obtain the equatlon of the wave-front
in the frame, K!', namely,

X~ vt 4 gt2 5 212 2 o812
{ ) y
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2.5 Generallzed Geometry.

In the foregoing consideration of transformationa,
the procedure/was Based|in the special case| upon geometrical
conslderations. It 1s worth noting that the lnverse procedure
1s possible, that is, that from a eonsideration of tranaformations
one can work out the general treory of geometries,

Conslder any function of n varigbles, say,
F(Xy, Xg,eee) = O (1)
aﬁd any n arbitrary transformaticn equatlons, say,
X, = xl(xll, X'ogeee)
Xg = Xy(x'q, XTg,e0) (2)
which on substitution yield.!!ythe new function, say,

G‘(X'l, X'z,-oo) = 0 (5)

Lot these mathematlical expressions have a gsometrlical
interpretavion, so that the initial varlables In xj refer to
diebeross palong the axes of a coordinate system, K, and the
subsequent variables in x2'4 refer to,ddsterndées along the axes
of another coordinate system, K!', and the tranaformaticn
ejuailons represent a shift from the reference frame, K, to
the frame, K!.

Now mathematical expressions have the same
meaning, stand for the same praposkimm propositlons, and
require the same goomebrical inberpreztation, if they have
the same symbolie form. For the meaning of a mathematical
exrression resides, not In the meterial symbols employed, but
in the form of thelir combination to indicate operations of
adding, multiplylng, and so forth.

Accordingly, when the symbolic form of &
mathematlcal expression 1s unchanged by a2 transformat ion,
the meaning of the expression is unchanged. But a transformation
is a shift from one spatio~temporal stand-point to another and,
when eXpresslons do not c¢hange their meaning under such shifts,
then, =g we have seen above, the expressions are Invarlant
and the ground of that iInvariance 1s that the expressions
stand for abstract and generally valid prorpositions.

Now the principles and laws of a goome try

are absbtract and generally valid propositions. It follows
that the mathematical exrresslon of the principles and laws
of a geometry will be invariant under the xem permlssible
transformations of that geomevry.

Such 1s the peneral principle, and it admits
at least two appllicationse In the first applicavion, one
gpecifles successlve sets of transformation equations, amd
devermines the mathematical expressions invariant under those
transformations, and concludes thsT the successive sets of
inveriants »mzrasmk revresent the principles and laws of
succesalve geometries. 1n this fashion one mey differentiste
kuclidean, affine, projective, and topologlcal zeometries.
See, for instance, the summary outline offerred by V, Lenzen
in his Yature of Physical Theory, New York 1931, pp. 59 f£f.
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A second, slightly different application of the
general principle occurs in the theory of Rlemannian manifolds.
The one ganmar basic law governing all such manifolds is given
by the equation for the Infinitesimal interwval, namely,

ds® = Z gijd.xidxj (£, 3 = 1, 2,e.e 1l

where dxy, dXs,... are differentlals of the coordinates, where
the coef}icients, ; 8re functions of the coordinates, and
where in pen.ral thege are ne products under the summation,
Since this equation defines the infinitesimal interval, 1t must
be invarlent under 2ll permissible transformations, However,
Instead of working out successive sets of transformatlons,
one consliders any transforrations to be permissible and
effects tue differentiation of different manifolds by imposing
restrictions uron the coefflicients., This is done by appsaling
to the tensor caleulus. For tensors are defined by their
transformation propertles and it can be shown that, in the
present, dnstence, 1f the coefflcients, gy4, are any instance
of & covarlant tensor of the second derred, then the expression
for the infinitesimal interval will be invariant under arbiltrary
Cransformations, It follows that there are as many lnstances
of the Riemannian manifold and so as meny clstinet xaoxhriss
geometries, as thore are Rissinskwakmas Inscances of coveriant
tenscrs of the second degree emrloyed to sp.cify the coefficlents,
g Thus, in the familiar Euclidesn instance, g1y 1s unity
ﬁgn 1 onusls J]; 2md 1t 1s zero vwhen 1 does not eglial J; and
there are three dimensions, In Minkowski space, the g3 1s
unity or zero as before, but there are four dimensions, "and
X4 e~uals lct. 1In the General Theory of Relatlvity, the coefflcients
are symmetrical, so that g4 4 equals gsiis and 1n the Generalized
Theory of Gravita.ion, the goefficien s are antl-symmetrlical,

2,6 A Logical Note.

It is to be observed that transformation equations,
operations of Transforming, the definition of tensors by their
tranaformation properties, end the whole foregoing account of
the differentiation of geometrical manifelds belong fto higher-order
statements,

For distinet reference frames assign different
specifications to the same polnts and instanfls and they assign
the ssme specifications numeri {numbers) to different points
and instents, Accordingly, they must belong to differment
universes of loglcal discourse, else endless amblguities would
résult, Now the reletions hetween different universes of dise.
course casn be stated only in a further, higher~order universe
of discourse; in other words, the relatlons bet.een different
unlverses of discourse regerd, not the things specified iIn thoase
universes, but the specifications employed to denote the things,
Thus, a transformation ecuation does not relate points or instants,
but it does relate different ways of specifying the same 3 points and
%1 instants. Similarly, such a property as Invariance 1s a
property, not of a geometrical entity, but of an expression
rogardlng geometrical or other entities.
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Ss The Abstract Intelligibility of Space and Time.

The argument bepan from a problem peculiar to
physics. Because that sclence deals with objects in theilr
spatlal and temporal relations, the expression of its princliples
and laws does not autom:tically attaln the invariance proper
to sueh abstract propositions. However, as was shown in Chapter II,
this difficulty can be turned to profiit, inasmuch as the physiclst
can posit a postulate of invariance and then employ that postulate
28 a heuristic norm In determining which expressions can
represent physicel principles and laws.

The gecond strand of the argument consisted in
an outline of the descriptive notlons of Space and Time. It
began from experiences of concrete extensions and durations
and 1t showed that we can form notions of all concrete extensions
and of all concrete durations 1f, and only 1f, these totalitles
are ordered by frames of reference. Essentially, then, the
descriptive notlon of Space 1s of Space~for-us and the descriptive
notlon of Time 1s of Time-for-us. Acain, one might say that
these notlons necessarily contain, on the one hand, an empirical
or material element and, on the other hand, an intellipible or
formal element. The empirical or material element consists of
concrete extensions and of concrete dura.ions. The Intelliglble
or formal element orders these materials iInto zinsular totalities.
Moreover, without this intervention of ordering intelligence,
the notion of 3pace cannot be both concrete and all-embracing,
and similarly the notlon of Time cannot rezard the totality of
concerete duracions.

St111, these descriptive notions of Space and
Time cannot contain the intelligibility thet 1s explanatory of
Space and of Time, It is true that they contain an intelligible
or formal component, But that component is the order of a
reference frame, and reference frames are an infinity. They
can be the Intelligibllity of Space-for-us and of Tlime-for-us,
that 1s, they can be the manners in which we intellizently
order extensions and duravions in accord with the convenisnce
of the moments. But they cannot be the immanent Iintelligibililty
that is explanatory of Space nor the lmmanent intelligibility
that 1s explanatory of Time, for reference frames are infin.ite,
but Ehs correct explanstions zre unique.

Howvever, this gives rise to a further problem.

On the one hend, if we retain reference frames, we are dealing
with infinities of formally different notions of Space and Time,
On the other hand, Iif we drop reference ffames, then our Inquiry
1s confined either to merely imapginary space and time or else

to tue relatively fow extensions and durations thet fall within
our experience. It 1s this dilemms that revesls the significance
of trensformations and invariance under transformtlons. For,
while such consideracvions belong to a higher-order universe

of dlscourse, which directly resards not objects but exrressions
referring to objects, still they can serve to point the way

to grasping the intelligibllities immanent in Space and in Time,
Inasmuch 28 we say what we think, m the properties of our
expressions reflect the projperties of our thoughts, TInasmuch

a8 we think Intellipgently, the properties of our thoughts rakfs
reflect the properties of our insights. In this fashion, the
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invariance of expression has already been traced to the
abstractness of what is thought or meant and, at an earlier
stage of the Ilnqulry, the absiractness of classical laws
was grounded on the enriching contribution of Insight.
Accordingly, we shall not be venturing into a new line of
thought, 1f we argue that the set of insights, by which we
grasp the Intelligibility immsnent in Space and Time, will be
the set that is formulated in spatial and temporal principles
and laws invariant under transformailons of reference frames,
Clearly enough, this conclusion gives no more
than a generic answer to our guestion. It amounts to saying
that the immanent intellilpibility of Space and of Time will
be formulated In one of the geometries that f2ll under the
generalized notion of geometry., There remalns the task of
asslgning the specific geometry that roverns concrete extensions
and concrete duratlons. Still, one has only to mentlon this
task to be reminded that there is & problem peculliar to the
empirical science of physics, that this »roblem arises in
physics inasmuch as it i1s involved in spatial and temporal
relations, and that the general form of its solutlon 1s to
postulate the invariance of physical principles and laws.

The Theorem .

Sel It 1is time to turn from talk about what we
propose to do and settle down to the work of doiung 1t.

Phs-ubetracb  donialdipiviitir bmmanetri el

The abstract formulation of the invellipgibllity
Immanent in Space and in Time will be one of the possible sets
of deflinitions, postulates,x and inferences that aystematically
unify the relations of demaraie extenslons and of ocenvnaete
durations. All such possible sets of definitions, postulaves,
and inferences,msy-be named reometrles. The-efore, the ebstract
formulation of the imk&Xi Intelligivility immanent in Space and
in Time will be a gecnetry.

The exrression of the prineclples and laws of
any geometry will be invarlant., For principles and laws are
independent of partiecunler places and times, and so thelr proper

expression cannot vary with varaatlons of spatio-temporal
stand-points.
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to Tlme except through a reference frame. Accordingly, the
invariance proper to the exnression of geometrical principles

and laws 18 an invariance under transformations of reference
frames,
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There follows at once the generic solution, The
abatract formulation of the intelligibllity of Space and Tlme
consists in a set of invarliants under tramsformations of reference
frames, However, there ls a range of such sets of inv:rilants,
and so there remains the tasl of dakerming determining the specific
solution.

We note, accordingly, that the relevant Intellis
glbility 1is lmmanent In concrete extensions and in concrete
durations, It is an intelli~lbility that belongs not to the
Imegined but to the experienced, Now the empirical canon of
complete explanation has already assigned to natural sclence
the duty of doing for exrerienced/tﬁﬁaa:zﬁaaa end darations
exactly what 13 done for experienced colors experienced sounds,
ex.;erienced heat, experlenced electro- magnetic phenomena,
Further, physies is the natural science on which this duty
falls, as appears from its peculiar problem of invarlance.
Again, if the physlclst solves his peculisr problem and arrlves
at an invariant exrression of his principles and laws under
transformations of reference frames, he csnnot avold reaching
the specific solution which we are seeking. For the specifilec
soluvion we are seeking 1s the set of Inveriants under trans-
formations that 1s verifiable in experienced extensions and
duratlons.

The abstract formulation, then, of the intelligibllity
Immanent in Space and in Time is, generically, a set of Invariants
under transformations of reference frames and, srecifically,
the set verified by physicists in establishing the invarisnt
formulatlion of their abstract principles and laws.

A corollary may be added., ‘Yhe Intelllgibility
immanent in Space and in Time 1s identical wich the intelllgsibillity
reached by physlcists Investigating oh’ecis es~extended-hnk.as
il mitancey a3 Involved in spatial and temporal relations.
Hence, to eliminave the concrete objects of physics would be
to eliminate che intellisibility of Space and of Time. Again,
Inasmuch ag physical objects are Involved differently in sratiel
and tempcral relations, there result different I elligibllities
of Space and of Time. This conclusion may be 111nstrated by the
posslbility of different types of tensors being employed to
secure the covariance of different,™peas of physical principles
and lawa,
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Se2 p While the forego.ng arsument of 1itself says
nothing for or ageinst the verifiability of Euclidean geometry,
st1ll 1t suproses that Euclidean geometry ls not the one and
only true geometry, and it acdmits the possibility of other geometrles
belng verifisble,

Phe supposition is, of course, far more fundemerf al
than the admission, It is difficult not to find thexms inspiration
of rationalism, which deduces everything else from allessd
self-evident principles, in the notion that Euclid formulated
the one and only true reometry, After all, the supreme rationalist
wrote on hils title pape, Ethica ordine reometrico demongtrata.
St111, these high matters 1lie beyo:.d the ranpme of present
considerations though, in due course, we hope to meet this
issvue with a distinction between analytic propositions, which
are not far from taubologles, and analytic principles, whose
terms and relations are verifiable in the mxkam existent.

At any rate, present concern has vo be confined
to meeting claims that Euclidean geometry obvlously 1s verified
In concrete extensions and that ordinary notions of simultaneity
obviously are verified in concrets durations,

Boweiey Cloarly, vhere is a sense in which these
¢laims are true. It has been seen that one cannot form a notlon
of Space without invoking a frame of reference. It is plain
that men form notions of Space and, no less, that the frames of
roference they construct satisfy Euclidean requirers nts,
Similarly, one cannot form a notion of Time without introducing
a frame of reference, and the frame ordinarily introduced is
necessarily in complete accord with ordinary notions on simul-
Exnxakyxxxkanke taneity, Not for a moment would I dispute
the contention that Euclidean geometry and the common view of
simultaneity are both verifiable and verified in the descriptive
notions men form of Space and Time,

However, after granting all that 1s obvlous,
wo must now add that 1t is qulte beside the point. The analysis
of descrirtive notions of Space and Time has its significance,
but that signifacance is anthropological., It reveals how men
commonly proceed from the exlensions and durations of experience
to the totalitiles named Space and Time., On the other hand,
when we admilt that Euclidesn geometry misht not be werifiable,
we are spmkiam® speaking of a verification, not In human notlons,
but in concrete extensions and duratlons. We are mot asklng how
men find it convenient to conceive Space and Time;knk/scientists
may correctly explain 8pace and Time, Were the scientists In
question the psychologlsts, one might apreal susdewsdetomety
sHetoedeh to what 1s obvious in the mentality of western man.
But the sclentlsts in cuestion hapren to be phgsiclsts, and
the data of consciousness, hovever clear, are not among the
data proper to phsyxk physics,

So much, then, for the sweeping clalm that our
conclusion must be wrong because its error is obviocus,
remains that objections may be less sweeplng, and these must
now be met., -
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Ok, Space

3¢5, The absolute space and the absolute time of
Newtonian thought possess the twofold merit of exhibiting
an "obvious" view and of inviting eriticism that roes to the
root of the matter.

Suprose a penny to fall to the floor of a
moving train, and ask for an account of the trajectory of the
fall. TUnfortunately, there are many accounts. Relativdly
to the floor, the trajectory is a vertical straisht line.
Relatively to the earth, it 1s a parabola., Relatlvely to axes
fixed in the sun, it 1s a more complicated curve that takes
Into account the spin and orbit of the earth's movements.
Relatively to the r%ceding nebulae, it contains still further
components. Stiti, there 1s only one penny in tuestlon,
and vhere is only one fall, which, really, is the trajectory?

Newton would answer by distinguishsd between
true and apparent motlon. Both are relative, But, while
apparent motion is relative to other bodies, such as the
train, the earth, the sun, ths nebulas, true motion 1s relative
to an eternal sst of lmmutable places named gbsolute space.

If one thinks of ap-arent motlon, one can say that the penny
moves relatively to the traln, the train relatively to the
J{” earth, the earth relatively to the sun, and the sun relatively
mwﬂj’,ﬂ 10 uvhe nebulas. Bub if one thinks of true motion, one czn say
¥ }

T A that, perhaps,abeté the sun,and the nebulae have a common
L valocity relatively to a set of eternal and immutable places,
feevt A Horeover, if Newton named his absolute space

mathem=tical, he also considered it real, He admltted the
difflculty of determining when there was a true motion. But

he wag far from acknowledgins such a concluslon as impossible.
On the contrary, he rerformed his famous bucket exreriment

to show that true motion relative to absolute space could be
detected. A bucket of water wag susvended from az twisted rope.
The bucket span and, for a while, the surface of the water
remalned flat, The snrface then hollowed out into a peraboloid.
Eventually, the bucket ceased to sSpin, but the surface remzined
hollow. Finally, the surface became flat agaln, HNow the
hollowing of the surface of the water i3 was due to the rotation
of the water and, as this hollowing occurred both while the
bucket was spinning and while the bucket was not spinning, 1t
gould not ve merely an aprarent motion relative to the bucket.
Therefore, 1t was a true motion relative to absolute space.

Lot us now tum to criticiam.
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Lat us now turn to criticism,

First of all, the bucket exreriment does m ¢
establish the existence of an absolute space, From the sxperi-
ment one might conclude that really and truly the water was
rotating; for in the hollowing of the surface one might verify
a coentrifugal acceleracion; and 1f there 1s a verified centri.
fugal acceleration, thore 1s a verified motion., However,
true motion in the sense of verified motion 1s one thing:
and true motion in the sense of motion relative to absolute
space 1s qulte another. ‘The bucket experiment does not establlsh
True motion In ihis second sense. Indeed, the sole link between
the experiment and absolu.e space lies in en equivocal use of
the term, true.

Secondly, the Newtonlan diatineticn between
true and apparent motlon involves the use of an extra-sclentific
category. There are the deca of experlence, ‘1here are
inquirles, insights, and formulations. There are verificatims
of formulatlons, But just as Galileo impugned gilven colors,
sounds, heat, and the like as merely arparent, so Newton
Impugned as apparent the observeble chanres of p relatlive
position of observable bodles., Just as Galileo affirmed as
real and objective the primary qualities mf that are mathematical
dimensions of maiter in motion, so Newton, after eliminating
exporlenced motions as apparent, aclknowled«ed as true the motions
relative to anxabzelutsxzpsea & non-experienced absoluce space.,
What is this truth of true motion? Though Newton confused it
with the truth of experiment and verification, it has to be
something else; otherwise, there would be no confusion. what,
then, 1ls 1t?

A fuller account will be atbempted when we treat
uire notion of objectivity, dethetem=i—pwd—3a, For the presen®,
1t will sufflce to recall that the Gallilean assertion of the
reality and objectivity of primary qualitles was not in accord
with the canon of parsimony but, as we have seen, extra-scientific
(see Chapter ITI, §5. ). In simpler terms, Galileo's real
and ob jective was the residue left in the popular category
of the "weally out there,” after colors, sounds, heat, etc.,
had been ellminated. By parallel reasoning, Newton's absoluce
space was tne "really out there™ bubt em-tied not only of Galileo's
secondary qualities but also of his own apprarent motions,.

From this positlon to Kent's, it is en easy step. For Kant, as
for his scientiflec predecessors, all sensible presentatlons were
phenomenal., But, while Newton secured a mkaphysizx metaphysicel
status for his absoluve space by naming it the divine sensorlum
(see E. A. Burtt, The Mevaphysical Foundations of Modern Sclence,
London and New York, 1925, pp. 257 ff.), Kant rave this empty
"really out there" a critical status by making it an a priori
form of human sensibllity.

Thirdly, Gallleo, Newton, and Kant wexre looking
for some sort of absolute, but Jhey were looking in the wrong
places. They sought the »x real as opposed to the xpparnak
apparent, only to end up with everythlng apparent, the notion
of che real included. Let us follow a d.iferent tack. ‘hen
overy content of experience willl be equally wvalid, for all are
equally given, and all ecually are to be explalned. Next,
explanat.ons result from enriching abstraction, and so iney
are gbastract, and tneir proper expression must be Invariant,
Th.rdly, not every explanation is egually correct; some can
be verified, and some cannot. There follows at once the

° :j» f .
WAL

e




only//

U P W . PR RIS Al oy

Space and Time ' 33 _ 14

conclusion that the real, objective, true consists of what 1s

knowvn by formulating and verifylng invariant principles and laws.

Our account of Space is simply a rarticuler case of that conclusion.
Fourthly, I#xm let us attempt to meet the problem

of the trajectory of the penny. As we have seen, possible frames :

of reference are infinite; bul In any determinate frame of reference,

there 1s/fpffone correct trajectory for che venny. Wext, wh.le

gome possible frames of reference are more convenlent than others,

8till 211 are enually valld, and so tiere are many correct

traiectories for the penny. Further, this involves no contradiction;

Just as what 1s to my right can be to your left, so the one

fall of ihe one penny can be a straight line In one frame of

reference and a parabola In another frame of refeorence; there

would be a contradlction only if the same fall were both a

8traight line and a parabela In the same frame of reference.

Finally, this position is not unsatisfactory., As long as we

are speaking of partlculer things at particular timea In particular

places, we cannot avolid employins relative expressions; for 1t

is through our senses thav we kuow the particular; and our senses

are in partlcular places at particular times. On ths other hand,

Invariant exrression, which 1s inderendent of the spatio-temporal

stand-point of particular thinkers, is a prorerty of abstract

propositilonsg; it can be demaended only of the principles and laws

of a sclence; and the trajectory of the fall of a particular penny

1s not a principle or & law in any science.

Slmv.”;mu.f:l
Sed , The common view of simultanelty possesses, perhaps,
a larger and more »® resolute following than Newton's absoluue
space. If two events are abt the same time for any observer,
then, we shall be told, they must be at the same time for
avery observer.

The first line of defence will be, no doubt,
the principle of contradietion. The same events cannot be
both at the same time and not at the ssme time, Therefors,
to say that the same events are zhs at the same time for
one observer and not at the same time for an_other, is slmply
to violate the nrinciple of contradictlon,

Stil1, this first line can be turned. #hat 1s
ow" for me writing is not "now" for you r.ading. If the same
avent can be both now (for me) and not now (for you), it may
be true that "at the same time" belongs to the same class of
relative terms as does "now"; and if it does, then there 1s no
more a co.tradlictlon In saying that events, simultaneous for
one observer, are not simultaneous for another, as there is
¥% in saying that events of the vresent for one ohserver will
be events of the past for another.

The 1ssue is not the principle of contradiction.
The issue 1s simply whether or not "at the same time" is to be
listed alonﬁ with such relative terms as "now" and "soon,"

t

"here" and "there," "richt" and "left." Momeoverysihe-enly-vay
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sappearance’ of simultaneity has its ground in the duration
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The simplest aprrosch to the issue 1s to analyze
olementary apprehensions of simultaneity., Already we have
remarked that we exrerience duration imxslx both In the sense
that the experlencing ism over time snd i the sense ihat the
experienced endures through time. Wow we have to add that
these two aspects of the experience of duration stand in a
certain order. Thus, when I watch a man crossing a street,

I look out and inxkp inspect the dlstance that he traverses,
but I cannot 1ook out and inspect in the same manner the time

he takes to cross. Nor 18 thus surprlsing., The whole distance
traversed 1s there to be iInspected all at once, but the duration
of the traversing 1s thrd there to be inspected, not all at once,
but only in successive bits. Moreover, what is true of the
traversing is also true of the inspecting; it too 1s, not all

at once, but over time, If one supposed the poscsibility of

a timeless inspecting, one might infer the inspection of s
four-dimensional continuum In which both distances and durations
wore presented in exactly the same fashion. But when inspecting
takes tlime, then the time of the inspecting runs concurrently
with the time of the inspected,

Such remarks on the apprehension of durations
seem relevant to Eha on account of the apnrehension of simulitaneouns
durations. Instead of watching one man cross a street, I might
wateh two men crossing a strest at the same time. Since 1t
would be perfectly obvicus that they werse crossing at the same
time, it should be e-zually obvious that there 1s some tim that
1s one and the same. What time, then, obviously is the same?

It muat be the .lme of the watching. PFor, in the first place,
the watching has a duration, for it is not alle t once. In

the second place, the duration of the watching runs concurrently
with the duration of what 1is watched. 1In the third place,
GRx¥he when two movements are the object of one and the same
watcehlng, tihere are In all, three durations, namsly, one In

sach movement and one in the watching; but it is the duration

of the watching thet is arprehanded as running comcurrently
both with the duration of one movement and with the duration

of the other; and so it 1s the durstion of the watehing that

is the one and same time at which both the movements are occurring.

This analysis ls conflrmed by a consideration of
apprehensions of “apparent’ simultaneity. If you stand beside
a man awinging a hammer, then the sicht and the sound of the
blow are at the same time. If you stand off at a disvance of
a few hundred feet, the sight of the blow is prlor to vhe sound,
In the first case, the sight and sound are at the same time.

In the second «axmxx case, the sicht and the sound are not

at the same time, 3till, the blow 1s always a simaltaueous
source of both licht-waves and sound-waves. The reason why
there are different, "aprarent’ simnltaneitles must bs that the

immanent in the flow of consclousness.
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Such seem to he the facts and, like the facts of
relative motlon, they glve rise to a problem. Is one to follow
Galileo and Newton and insist that, beyond the multiplleity of
merely apparent almultaneitlies, there 1ls a real, objective,
and true simultaneity that is uni-une? If so, one can omit
further =sentlon of the observer, and one will end up with en
absolute time that flows equably everywhere at once., It will
not be the time of clocks, which run fast or slow. It will not
be the tlme of the spinning earth, for under the action of the
tides and the rad receding moon, that spin is decelerating.

It will be an exact, constant velocity that at every point in
the universe/separates the present from the past and vhe future
in prec.sely the same manner,

8till, this absolute time will n.t be what we
have defined as Time. For Time, as we delined 1t, 1s an ordered
totallty of concrete durations. It includes the concrete durations
both of our exneriencing and of what we exverience, Through
an ordering structure or reference frame it reaches out to enbrace
In a single totality all the other concrete darations which vwe
do not exrerience yet we do relate to the concrete durations
that are expsrienced, In contrast with this Time, absoluve time
simply lies outside exnerience, It meets the requirements of
anxalsex o mathematlical ideal and, stangely enourh, unlike
other mathomatlcal 1deals, 1t is said to be "peally out there.”
Rather, it once was t?ought to be really out there. For the
Newtonlan rejiectlion of experienced du atlons as aprarent time
in faver of a non-exrerienced absolute time promptly krams
was Eramsformaf followed by Kant's transformation of absoluue
time Into an a priori form of human sensibility.

Nor 1is this the only complaint against the
Newtonian procedure. As absolute space, so absolute time 1s
a result of lookinv for the abaolnte where the absolute does

¥ - i 1] . S - g0 S 0 Lenian 0.8
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not exist, If it were true that svents, simultansous for one
observer, must bhe simultaneous for every other observer, then

it would be true that exnressions of simultaneity are Invarlant,
But theore 1s no reason to ex»ect invariant exrressions of
simultaneilty, for invariance results from abstractness, and

no statement regerding ths rvarticular times of partlenlar events

1s abstracts, From the very structure of our cogn.tlonal apraratus,
particulars are known through our senses, and our senses operate
under spatio-temnoral conditions., They cannot sacapxe

relativity and so, if an absolute 1s wanted, it must be sought

on the level of Invellicence which by abstraction from

particulars provides a ground for iInvaraant exrressions,
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Pl omd Trmns -
e 0 A W have heen speaking of the elementary durations
and simplcaneities of the personal reference frame. But,
besides personal refersmence frames, there are public and suecial
reference frames, and they call for a few remarks.
Aristotle defined time ns the number and measure
of local metion derived from successively traversed distances,
Such is the time of the spinning earth and of clocks. "Two
otclock" Is a number and "two hours" is a measure. Both are
reached from the local motion of the hands over the face of a
dial,
Howevar, tiere are many local motions, and
every one successively traverses a series of distances., It
follows that, though all do not yield numbers and measures
\ indic-ting time, s8till all could do so., Obleckively, then,
i and fundament ally there are many times.
: This implication of the Aristotelian position
was noted by Azuinas., However, it seemed to him, not an important
truth but rather an ob}ection to be answered, Time must be
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one, and so he apraaled to the primum mobile, the cutermost
eoioitivd colestlial epbes sphere. Thers was only one such
sphere, and it had only one local motion. Moreover, as 1f
grounded all oth.r local motions both in the sky and on the
earth the time of 1ts movement must be the cround of all other
t imes . (See S. Thomos Aquinas, In IV 1ib, Phys. Arist.,
lect, 17, ed. Leon. Rome 1884, wol, 2, p. 202, §83, 4).
One will be inclined I think, to agree that
a8 long as Aristotle's primum mobile was supposed to exist,
our universs was suprlied with 2 sinele, standard time.
On the other hand, once Copernicus elimiﬂqbed the Ptolemale
system, that standard time no lonrer was possible and, 1n its
place, there arose the problem of synchronizatlon, of making
nany mo7ements vield a sinpgle time for public and specilal
reference frames.
Suppose, then, an arrrecate of clocks scattered
about the universe. Let their relative positions be/lmown
constant, an// in terms of some reference frame, K. Let licht siimals be
’”\ let them be// sent from the origin of coordinates to the clocks and reflected
from the clocks back to the origln., Then, a synchronization
of clocks might be offected by laying down the rule,

© 2t = tt' ¢ g

where § 1is the reading of the distant clock when the light
signal is recelved and reflected, and vhere ' and i" are the
readings of the clock at the orlgin when the lisht Signal is
emitted and when it returns,
o However, synchronization by this rule would
. be suceessful, only if the ou.ward and the meauinm return Journeys
1 ‘ of the 1licht signal took the same length of time., To satisfy
~54)' this rejuiremant, one might distinguish between bhasic and
derived synchronizations and dewand that the basic synchronlzation
take place with clocks that are at rest with resrect to the
! ether and In a reference frame that similerly ls at rest.
o Then, synchonization In moving frames would be the synchonizatlon
by of thelr clocks with the clocks of ihe basic frame, and there
would follow for all voint-instants an observable time that

© A
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conformed to the pronerties of Newton's absolute tlime.

There 13, however, one diffilculty to this solutilon,
One can 1n principle snpnose any number of reference {rames
exhlbibting u%X as many varietles of relatlive motion as one
pleases. One can supoly each frame with clocks that, relatively
to the frame, are at rest, But a difficulty arises when one
attempbs to select the frame tha. absoluvely is at rest and,
1f one cannot determine the baslc synchronization, much less
ean one reach the derlved synchponizations.,

St1ll there is an slternative, Instead of seeking
the absolute gm in the fileld of particular reference frames,
one can seek it In the fleld of abstract propositisns and
invariant exvressions. Accordingly, one may postulate that
the mathematical exrression of physlcal principles and laws
be invariaent under inertial transformations, and one may note
that from the postulate 1t follows that In all reference frames
moving with a relative mmxyax uniform motlon the velocity of
light will be the same. For the conseguent derlvation of the
Einsteln-Lorentz transformatlon and of Minkowski space, the
reader may be xaff referred to Lindsay and Margenau, pp. 333 f£f.

N L $4411, -Lhe—breconyrof=apocial veolativaty has 1ts
paragdxes. If the discance ween two points 1In one reference
ber, 3, then the distance between
fo same points inarelat;fely moving frame willkm be sSome other
wnber, St. Similarly,/if the time interval between two instants
in one frame As measuysd by some numbper, T, thep the Iinterval

veen owo moving
sitions,

rolativit
rola tivigy of velocitles;
rolativity of

t", but alsg-ft imposes on the
clocks the condition that
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na tervgl, ds, be Anvarlant Yxer Crans:

Vs Z, t) ard the coordinates and ¢ 1a thellnwe wiant

RePumiily af $ramt.

Before closing this section, it will be well
to set forth briefly the principles that have guided us in
determining the abstract invellliglibility of Space and Time
and,Auﬁhdﬂuueuuumahhma, to indicate the grounds that lead t0
different views,

Qur position follows from our account of
abstractlion. Because the principle or law 1s abstract, Its
exprosslon cannot vary with varis.ions of spatlo-temporal
stand-point. On the other hand, because we lnow partlculars
through spatio-temporally conditioned senses, we know them
from some point and instant within 8pace and Time. It follows
that conerete places and times are apprehended only as relative
to an observer, that Ekaxm their totallties can be embraced only
through the device of reference frames, that reference frames
will be many, and that transformations of reference frames can
involve changes in the relativity of places and times to observers.
Accordingly, 1t would be a mlstake to look for the fixed or
absolnce on the level of varticular places and vimes; the only
absolute relevent to Space and Time resides in the abstract
propositions whose expression remains Invarlant under permissible
transformations of reference frame,

On the other hand, opposed posltions take thelr
stand on the premise tnat something fixed or absolute 1s to be
acknowledged on the level of sense, In the Aristotelian world
view, this wes supplied by the oubtermost celestlal sphere
which bounded effective Space and, for Aguinas at least, provided
the universe with a standard time. Newton's absolute spsace
and gbsolute time were In the first instance imaginsry mathematlcal
constructionsy but they were objiectiwdfied through s confusion
of the trnth of verification and the truth,sf rrior to intelligence
and thought, that resides in a "really out there"; flnally, they
were given a metaphvs.cal status by being connected with the
omnipresence and the eternity of God. Xant slimplifled this
position by making Newton's empby space and time into a priord
forms of the sensibvillty.
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4, Rods and Clocks.,

On Galllean and Newtonlan suppositions, measurements
of dlstance and of duration are Invariant, so that if a measurement
is correct 1in any frame of reference, the same mvasurement must
be correct 1n all frames of reference that are rermissible,

On the Speclal Theory of Reletivity the invariant
ls the four-dlmensional interval, ds, whore

# a8 a ax? dyz s dzf . cfatd

Hence, if the value of ds 1s correct In any reference frame,
the same value must be correct in all permissible frames. On
the other hand, the values of the spatiml components, dx, dy, dz,
and the value of the temporal compondent, dt, can be correct
in one reference frame without therefore belng corrsect in other
permissible frames. As is clear from the above ecuation, the
spatlal and temporal components can assume any number of values
compatible with the constancy of the interval, dg.

Clearly enough, khexihssrx this theory necessitates

“some revision of earlier notions on measurable maenitudes,

standard units, measuring, snd measurement. For on the earller
view a measurement of a distance or duration is some single
number valid 1n 21l reference frames. On the new view & measurement
of a distance or g duration,i# a series of numbers in corres;ondence
with a series of reference frames.

Such a revilsion 1s not easy., Ordinarlly people
form their notions of measurements at a time when they take
Newtonian presupposivions for pgranted., Later, when uhey are
confronted with relatlivity, they are apt to be content to make
obvious alterations without thinking thin-~s through to a fully
coherent posltion. There results a plecemeal and inadequ-te
revision of basic concepts and this manifests itself in a parade
of alleged Einsteinlan paradoxes.

Cur proposal 1s to attempt a kkzm thorough
revision. First, we shall examine the elementary paradox that
the measuring rods of one reference frame are both shorter and
longer than those of another, and that the clocks of one frame
run both slower and faster than those of another {for an exposi._un,
see wuindsay and Margenau, pp. 339 ££). Secondly, we shall work
out a gsneric notion of measurement that is independent of
differences between Galileo and Einstein. Thirdly, we shall
show how the same generic notion admlts differentiantion into
the two different specific views.
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4.1 The Elcnoninry PreoGoxn,
Conndder the pir of point-inntnnts, P and g, whioch

in o fromo of £ roforonco, K, Wwo the coordinntes, (%4, t;) and
(%5, t,), ond 4n o fromo, L', movins with o rolntive conctant
voloolty, ¥, hovo the coordimzon, (x'q, t'4) and (z', t's).
Thon by the Iorontg=tlinntoln tronnfomntlion, wrlting

now 1/ - B2
onoe qaaily ohtalng tho equntions

.;x'a -z =& (myex)l - (ty = ty)ull (1)

bl = t'y m (b =ty - (3t = xlhmﬁﬂ (2)
It 10 20 Do notod that 1L olthrr of the ommnmtions, (1) anmd (2),
con e obinlned thon Hoth orn o obtnlned. loroover, ny Lranoe-
forming in tho oppooile dircotion from L' to §, thoro ore tuwo
othor equntions, simdlsr o (1) and (2), t0 o oltnrinod,

| Tov thooo oauatlions adnit Moth o apntind and o

toaporal zipplicatmn, arY! to onch application threem intormrotatlons
can be glvon. The opatlnl appileation io to puppone thot P ond ¢
are tho similtnnecous end ponitions of a stondord rod of unit longth
in § 0o thnt

Kp - % T 1 (3)
th- t; » O | | | (4)
whoneo by ecwndions (1) and (2) | o
x'h = x'y ® H | (5)
thy~ t'y = - uﬂ/ﬁf-’ (6)

“The tenpornl npplicotion s %0 suppono thot P and @ are »adinee

ab oncconcive gocondes on o ptotionary standord cloek in K 00 that

}':2 - xl | 0 (7)

by~ t; * 2 ' .. (B)
whonee by equntions (1) and (2) |

2l =~ x'y & = ull | o (9)

:i\._.,« ’.
e
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I (10)
Accordingly, inromuch as stondard nnlis of dlstonco and of time
aroe oxpactod to tranoforn mvdrinntly, o problom of interrrotation
arinog andd throo answers noy bo civon.

A Lirpt intorprotntion seona innpived ty tho
Fitzgorald contractione O2nce H 1o proctor than unity, 4t is
concludod froa countions {3) ang (5) thnt tho stondard rod in
L' 10 shortor thon the standord rod in K.  Cinilnriy, 4t 10 cone
clndod from oruntions {8) mnd (10) thnt the wnit of time in '
is chortor then tho unit of %lno &n K, Iorcovor, the oppooite
eonclunions nre ronehod from ¢ho cruntions obtnined Ly trons=-
forming from EY 4o §. Db anite aport fron its parndox, this
intorrrotnotion hna the dofoet of onyling vory 1itt o albont
ormntilong (&) and (6), (7) omd (9). |

A nec.ona. Lnbrppretntion berine Ly noting thot in
Opoclnl folntivity olocko ore gynehrenizod in oneh framo of roforence
by anﬁmin(;,, not et olmitoneity in idonticel, Tat that tho
volocity of ilcht lo the oono conotoant in il frames of roforenco.
Accordingly, on ihlo intopproiation eauntions (S) amd (G) ave
telon topothor, and at onco At is apperont thnt & dlotanco batwoon
slmltanoons posltionos in B has bo-n trnncfornod into & dLotence
botwoon positlons thet are not oimultonoous in X'y But evon
Cinderciia'o Lot wonld ooom lnrge if ono nenoured the diptnnco
botvoon tho tip of hor tee of one inotrnt ond the bach of hor hool
at another; and ouch o tho view in §' of thie standard unit of
longth in K. Similorly, omuatlone (9) ond ¥ (10) aro tolon
togethor ¢o revenl thot, wivd for X 1o o tino intorval on tho same
ptationary clool, for ' 4o o dlfforonce in tine botveon clocks
in difforont positlons. It follows that tho dAlfforonce in time

given by oquotion (10) rosults not only from tho difforonce in

o) =
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time rlven By enmntlon (8) but also froa tho fnot, underlying the
transfomat don onuntione, that in ovory firnno of reforonco clocks
in Aifforont positlona nro synchwonlzod by asnming the veloclty
af lirht te Do tho cone constont An all frones. Indood, whilo
one ony £ind thle nothod of pynchwoninzaticn to bo strongo, whille
one my ovon £d 14 otponge Yhind there o niy problon of oyne
chironiration, 0tlll, cyonted ¢hint 10itinl oddlity, theoro 1o mw
furtheor oddity browht 40 140t W cauwntisng (3) to (10) or YW
tho olniinr oqundicno obtnlnod whon oro trennfoms fyon §' to I
A 0 Intorrretation lo in tommo of Anhoucld pinco.
It aprorts thint, vithin tho contont of Speoclel Relativity, 4t o e
biundor to suprono thnt o Aiffcronco of poolilon 1o o noroly
opetinl ontity or tint a AlZforonce of 4inme 4o & noroly tenrporal
entity. lonce, o stondord rod 1e opoilo-tonpornl: 1t 1o not norely
o dlntence b iroon twg posliticngg 1t 1s o dlotoneo hotuoonz a
. positdon, Xy, ob o tine, &4, o0l o Dooltlony Rep 0 0 1IN0, tn.
Binilarly, o obandord cloch in spntio-tonporals 1L doop not
annirn noroly tenporal A4 orences; 12 onolrno o dilf{orence botwoeon
& tAue, by, 0t o popdilien, Xqe o0 D tino, B, 0t 0 pooitlon, X
‘%’1 2 lloreovar, o undl on noy oton’ord rod doteradnos p.ﬁg: nnd tho
| oamno im-nr:_tmt oprtlo=tonrornl Anterval Lop all {ronos of roforence,
¢ nnvoly, walty; and o wild mﬁatmﬁnrﬂ cloek detorninos ono and
- the sono Lavoriont omntio=tonpornl intorenl Cor all fromop of
rolorence, nrnely, ig. 'l‘hin invnriont intorvel, g, noy Lo oitained
from 2ho rm omntionn
o? = (z, = ::1)2 - e‘!(t2 - 1:.1)2 = (=% - x'l)a- 02(1'.'2 - t'l)z

3

M .
and, will Cind theb oubsbitut Ltonp from oquetions (3) ana (4)

will yi-1A the oo roonit, wnity, oo em sudplitutloun from
auntions (5) and {6)3 piodlordy, subotisuticns from equntions (7)
and (0) v3l1i yleld Sio sono rooulit, 4g, no oubstifutions from

(e - ) ~

v y -
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oqntiing {9) and {10)s Nowover, wille otondard rolo end cloclks
dotornino the oone spntlowtonpornl 2niopvnln for nll froanco of
roforonce, otlll thooo lnvarinnt gfx intorvels alvile {(lfforontly
inte oprtinl and tonporal compononte in Qifforont {rones of
roforonco, llenco ono aery distingnich bLotwoon normnd and aboornal

franen by intioducing the dofinitionnt

A roforonco £rnno in normnl to neonoureoronts 1€ differomcon

of nronition hingo o tonporal conponont thiat 1o 2oro and
digforoncon of tino hinve o npatinl componont tint io 2000

A roforonce frone 1o sbnorond 10 nonsuranonts 18
Aiflaponcon of poaition hnve n tonpornl conponen® dhat id not
2090 md.diffcmnoea of tino nvo o opntinl conponont that o

not 2oro.

Oporatlonnldly this noong thnt roforenco franos, oo, clochs, and

noopurobio objocts oionld bHo rolntively ob root LL mo'o nenouring
1e not 20 Vo compilcoted by the anbicltlcs of tho elonontoary
parndone

inally, it nay bo notod that, whilo the first
interprototion diffors from Sho othor two, tho nocond nnd third
aro conpatiblo and com: lemeniaxy. For tho oocond errplaine tho
airgeroncon thnt arice on tt,ﬂmﬂfor?.n@ unito of Alptarco and time
by roncrlkdng thet, sion {he rolntlve veloelly dc nob zoro, the
tronofomndlon é oruntions cover ovor o pocullne Lochiniowe in
oynchronioatlon, ville tho $hird interproiotion syotonntlcos the
whiolo nntier by adverting Lo ppntlo-tonpored Lnvarlants nnd .tw
noting thot thooo lnverinnts dlvide dilfcrontly into opntinl ond
zomrornl ecnponents in Alffovent roforonco fronoss It roaring,
howevor, thn~t somotiiing bo onld on tho ponoral notion of noAsuro=

nont presuppoaed by the cocond and thlrd Intorrrotot. 108,
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4.2 The Generle Notion of Measurement.

Empirical Ingu.ry has been concelved as a process
from deserlption to explanation. i7e begin from things as related
to our senses, e end with things as related to one an.ther.
initial classif.cations are based upon sensible similaritles,
But as correlations, laws, theorles, systems are developed, I
initial classiaficatlons underso a revision., S8ensible similarity R 3
has ceased to be sisn.ficant, and definitions consist of zarmx ,
technical terms that have been invented as a consequence of
sclentific advance. In th.s fashion biolorical clasgificavions
have felt vhe Imprint of the theory of evolutlon. CJChemical
compounds are defined by ap-ealing to chemical elements, Chemical
8lements are defined by itheir relations to one asnother in a
per.odic table vhat has room for elements that, as yst, have
not been dlscovered or mymmrnaxi syntnesized. The basic notlons
of physics are a mass, that 1s distinet from weight, a tempesrature,
that differs from the Intensiuy of the feelinr of heat, and
the electro-magnetic vector fields.

Now the principal technigue in sffecting the
translition from description to explanati-n is measurement.
e move away from colors as seen, from sornds as heasrd, from
heat and pressure as felt. In their place, we determine the
numbers named measurements., In virtue of this substitution,
we are able to turn from the relations of sensible terms,
which are correlative to our svnses, to the relations of
numbers, which are correlative to one annther, Such is tne
fundamental sipgn.ficance and function of measurement.

Purther, in constructing these numerical relations
of things to one another, there is Introduced an slmost necessary
gimplifacation of arrangement. If 1t would be cheoretically
pcssible, it would not be practicable to relais th.ngs to one
another by stating serarately the relations of sach to all the
others. The procedurs that 1s both simpler and more systematlc
s to select one tyre of thing or marnitude, to relate all
others directly to 1it, and to leave to deductive iInference
the relations of the ot ers among themselves, Thus, instead
of noting that Tom is 1/10 taller than Dick, Dick 1/20 shorter
than Harry, and Harry 1/20 of Dick shortor chanuMewmy, one selects
som@ arbltrary magnitude as standard unit and measures Tom,
Dick, and Harry, not in ferms of one another, but in terms of
feet or contimeters.
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A standard unit, then, 1s a physical magnitude
among other similar physicel magmitudes, Its position of
privilege 1s due to vhe systematic simplicity of implying
the relacions of each of these masnitudes to all the others
by stating only the relations of all to some one.

In selecting end determining stendard units,
there is a conventlonal, arbdtrary element and, as well, there
is @ far larger theoretical element, It 1s a matter of convention
that the standard fmsz foot 13 the lenmth between notches on
a bar at a certain temperature in a riven place, It is arbibrary
that the foot haprens to nave the lenrth it haa, ne.ther more
nor less., on the ouvher hand, trhe remaining aspects of the
standard unit have their basis in presured or acqguired theoretiecal
knowledge. what 3s length? Does length vary with temperature?
Does length vary with change of place or of time? Does length
vary with changes of frames of reference? ZThsm Those are
relevant guestliona, If thelr answers rest on the results of
emplrical sclence, they are subject to revision when those
results are revised. If their answers can be obtained only
by appealing to tlhe field of hasic presuprositions snd presumptions,
they will be methodolosical and subjset to the rewisiong of
methodology. '

The fundamental point to be grasped here is a
point tant already has been made. The sbsoluue resides not on
che level of sensible presentations but in the field of abstract
propositions and Invariant expressions. The constaney in time
of the length of a standard metal bar cannot be ascertained by
comparing its lensth yesterday with 1is lenerth today; the fileld
of observables is limited to the nresent rloce and time; today's
length of the bar can be observed, if today yon are in the
right place; but y.sterday's length hes pagsed out of the fisld
of observables and tomorrow's has not y.t been ushered in.

It remains that the constancy in time of the length of uhe bar
is a conclusion based on ~enersl Mnowled~s. One ascertains,

as best one can, all the manners in which metal bars can change
in length; one takes precautions to prevent cthe cccurrence of
any such changes in the suvandard; and, one concludes chat, as
far as one knows, no such chanze has taken plsce. In other
words, the conscvancy of .he standard 1s a conclu:ion based upon
The invariance of laws, and a revision of the laws will lead

to a nev decermination of standard requirements,

‘this possible revision of standards sets a logical
puzzle. How, one may ask, can one reach new laws excert through
measurements based on old standards? How can the new laws he
correct 1f the old standards are wrong? How can incorrect laws
lead to the correction of old standards? Behind such questions
there liss a mistaken presupposition. Science does not advance
by deducing new conclusions from o0ld premises. Deducti.n 1s
an operacivn that oceurs only in the field of councepts and
propositlons. But the advance of sclence, as we have seen,
is a circuit, from data to inguiry, from inquiry vo insight,
from Insi~ht to the formulation of premis.s and the deduction
of their implications, from such formulation to material operations,
wh.ch yleld fresh data and, in the limit, generste the new set
of insights named a higher vievwpoint. 4 basic revision, then,

AT T T et i A
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18 a leap. At a stroke, it 1s a grasp of the insufficiency both
of the o0ld lews and am of the old standards, At a stroke, 1t
generates both the new laws and the new standards, Finally,

by the same verificavion, 1t esteblishes hath that both the new
laws and the new standards satisfy the data.

What holds for atandsrds, also holds for thelr
use. Ih 1s necessary to define as accurately as possible the
precise type of magnitnude vhat is to be measured., It is necessary
to defline the precise procedure that leads from the measurable
magnitude and the scandard unit to the determina.ion of the
number nnmed a measurement. At each stape in he development
of a sc.ience, these definmitions will be formed in the light
of' acquired or presumed knowledra®. But at ewvery subsequent
stege, there 1s the possiblliity of further semuiskian acquisltions
ap and of new presumptions and so of a revision of the definitlona,
Such a revislon Involves, not the deduction of new conclusions
from old premlses, but a leap to fresh premises.

Such, then, is the generic notion of measurement,
Clearly, 1t containsg within itself the possibility of successive
differentiations that result from revisions that occur in the
abstract fleld of definitlons, principles, and laws. 2a
We hove now to turn our attention to the rev.sion involved
In the notions of spatial and temporal measurements by the
Speclal Theory of Relativity,

4,3 Differenclations of the Generic Notion of Measurement.

: Lot us begin by distinpuishing 1) size, 2) length,
and 3) measurement.

By size will be meant mamitude apart from any
geometrical conceptions. Tt is an elementary, exwmriential
conjugate, and it 1s to be characterized In terms of simple
experiences,

Thus, spatial size wmay be indicated suffilcisntly
by saying that it varies in two manners., It wariss iIn an
eXternal fashlon, inasmuch as the nearer it is, the bigper 1%
looks, Also 1t variles In an intermal fashlon, inasmuch as
it expands or contracts,

Temporal size simllzarly varies in two manners.
There 18 the external variation, named -sycholocical time,
which rushes by when we are interested and lass when we are bored.
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There are also intornal . differences between the sizes

of durations; twenty yvars is a long time, even if one is not
In jall; and a second iz a short time, even if one 1is,
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By longth will be meant silze as fitted Into
a goomeirical constructlon.

Spatial length, at a firat approximetion,
seams slmply to be dizkamza size in a single directlon or
dimension. Stilll, one doss have Lo use some such expresslon ﬂ
as directlon or dimension, This fact recalls, not only the
gnalysis of size into length, breadth, and depth, but also the
requirement that length has to be taken slong a straight line
or geodetlc. Further, the ends of a straisht 1line or geodetic
are points, but the ends of a slze are hardly just polnts;
it follows that the size of the materlal object must have hesn
submltted to some detailed peometrical. analyals, so that boundaries
of the size stand in some unique correspondence with points
on a straight line., Finally, material objects may be varying :
inte}nally in size, and they/be moving locally; an expanding ’
or contracting object haos a Xangkk seriss of lenpgths at a series
of instants; a moving objiect successively lies between two seriles
of bounding positions; xm# its length is not the distance between
@ presenv and past bounding positions; and so 1t follows that
the length of/objects derends, not only on a zeometry of space,
but also upon determinavions of the Ins.ant and of simaltaneltye.

The length of a duration can be determined only
by adding mechanical to geometrical analysis. There has to be
discovered some constant velocity or some regular rerlodicity.

The spatlal size traversed by the velocity has to be concelved

in terms of lengbh and divided into e~ual parts. Finally,

while the length of a single duration may be determined by

counting traversed parts or recurring periods, still there are
many durations; they have to be related to one another in some
fashlon; and so there must be worked ont some renersl determination
of slmultenelty or synchronization.

It has ¥ besn noted theat sizes differ In two
manners; internally, in virtue of expansions and contractlons,
prolongations and curtailments; externally, in virtue of the
relative position of our senses and the quality of our subjective
states, The m obvious advantage of the notion of length is
that it eliminates mersely external differences of size. Stlll,
one must not jump to the conclusion that, therefore, length
will prove invariant., As has heen seen, determinations of
length depend upon determinavions of simultanelty, and 1t may
be that simultaneity is not invariant. Again, determlnations
of lengbth depend upon the suppesition of some specific geomebtry,
and it may happen that the spvecific geometry, verified in Space
and Time, does not regard length as invariant.

Thsre remains measurement, On Newtonlan
suppesitions, a measurement 1s & number that stands to unity

a8 the length of the measursd marnitude stands to the length

of & standard unit., Thus, to say that a room is twenty fest
long is to say that the length of the room stands to the length
of a foot-rule as the number, twenty, stands to unity. Agein,
to say that a process lasts five seconds 1s to say that the
length of the process stands to the lenpgth of a standard second
as the number, five, stands to unity. Pinally, lengths are
invariant under permissilble transformavions, and so neasuremencs
valid in one reference frame are valid in all permissible frames.
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are Lworlent undor permleodblo tronoformnilons, and 0o reA0UTew
nonts valld 1n onn roferonco {rnne aro valid in all permilosible
£T0000.

Neow dhoe {(ronnliion 2o tho oup ooitisng of Specilal
Relativity ooy Lo offected vnryblmpiy by noting on oversicht
In tho forecoling pceomt of nenpgmrracnt. Two rodo, AR and IO,
are annnl In longth A2 ond only 1f A colnci'ens with B at tho oame
tine ap P colncidos with @, In prrtlcnier, 1 A colnecldos with 3
at ono monent and 2 colneldes with Q ot ancthor nonent, relotive
mnt.lo.n conid ocenr during tho intorvnl nnd oo omnlity ¢onid not
be apsorted. OCinilinrly, two cloclts, R and g, are syne:ronoup

2f and only if rornilorg tokon ot tho oo Line agroe. In portis

ewlar, pyncaronizntlon cannot bo apporied on tho growy! fxo that
the ey rond osn fron B at ono corles of nonenls aproe with
the readinpo froo ;int another coples of nonontso. |

Horoover, not oniy in an oxoel deternlnntlon of
the monning of simuitnnelty an onsentinl coidition in neoouwring
o tinl ond tompornl d1fZoronces bl alco, oo hnd beon coon, it
cormot o propuod tizaxtAm 1o idontlcol fox all
sptio=tomporal ntandpointe. Indosd, oinco simuitnnelty is a
rolntlon botwoon portlculn: ovonts occurri& at porticalor ticos
In particulor placos,; 4t nay bo expoctod /,\M%rﬂlaulmnew:s
annlopons 0 ouch notions ne "now' end "thon.”

Furthor, to oscape the roletlvity of simultanoity,
niponi quot o onde L0 sone aboolute. But the ~boolute in
moasuronent oo the aboolute in noone nnd ti00 reoides in tho
rooln of principles ond inwe. For principlos ond lavs, bhocouso
thoy abatact foon porticulor ploces ond particulor tinos, onnnot
rary vith varisntions in place ond timo,

lereo, tho bnole suppooition of nooourenent in
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Spooinl Rolntivity will coinocldo with its trplc pootulate that
tho nathomatical oxpronslon of physical princirvice and lnvs io
invarinnt wder inortinl tyancforantlonps. I follows thot the
appropricto poonntry into vhich sizes mucht o £itted to yirld

longtho will bo lldnounkzl oprce. Furither, 1% follows thnt tho
corroct notion of pinuitoncily will bo tho notion impliclt 1)

thoorotlenlly in tho lorentzeRinginin troncfornntion ond 2) _ _..
oporaslonnlily in tho Zoct $hod In all reforonco iranos coloeks 4

are oynchronlesd by 1i-ht nirnals ond tho volocity ol light is

alvnys the onne conobort,

| llonee, in Spocinl folativity the mecouroneont of
any opotinl or tompornl difforonce detornines a spatlio=toumpornl
#i intorwal 1) thet 1o inverlant for all roforonce Srosos but
2) thot renolvos into differont opntinl and temporal conpononts
in aifforont relotively noving franoes.

Farthior, & dintinction noy o drawm bot.wben

normal and alnomnl roforonce froncs. For i€ 6 nosoured nognle
tude Ao purely opntial, in o normnl frome At wdlil have o tomporal

gomponont hint 1o foro, Wb in an otnoronld Lrone A6 vill have o

ﬂ\; tenpornl conronent ¢hot 1s not soro, Sinlinrly, if o oocoursed
o | nagnitude 1o purely tecopornl, in o noranl firomo 1t wlil aavo o
apatinl cospeen conponont that 1s goro, Du? in an abnornal Irame
t will hrvo o opmbinl conponont thnt ip not sovoe. It follous
thnt in ne’unl neanuring oniy normal franos siould Lo used 1L one
c | : 15 40 ovold the conmplonity of dlocovering the tamporal componont
Y in o opatinl difforonco and tho spaticl conponent in o tonporsl

A1{erenco.

It ooy Lo rennried that on the proocot annlynis

thoro soonn 0 vanish the apporontly apbiterary divielon of tho
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univeprso iito roda ond clooks on tho e ono hand and, on tho
othor, ovorything oloo (#)e For tho funinoninl point is tho

(#) Sea the antodlograrhy in Albert Zingtoin, Fhiloporbhor
Sgdontigt, odi~od by P. A Sohilpp, Tho Library of Iiving

Mmilonopheroe llow York., 1949 nnd 1951, Ps 59

rolntivity of simultancity, ond thet roletlvity onters into
tho vory notion of o dotomminnto nennmurononts Illonce, whille
neasuron nts are relntions botweon rods nnd clochs on the one
hand and, 6:1 tho othnar, all othrr opetiel ond beaporni angnie
tudeon, 0tlil there 10 no poculinpliy In vodn innt Io Eockdng
in othrr opetlal nornltden and thoro o no poonldinpdlty in clooks
t!.:m{;_ 1o locking in othioy tonpornl mnmitudosa (

Floaliy, 18 in porliops unnococonyy to moto thot
our nceornt of monpnwroacnt nakos no attenpt Lo t.mot'eimor tho
notion of nenouranont inplicit 4n Gonerel DRoletivity or the
rroblonog thet nreloo vhon the activity of nooourdng introdiucos o
ccinellontel or nonenyotonnatic elenont Anto tho obloots under
invootipatlons o doubt, thonoe lomos corld not o oadttod In
a ponoval toantnont of the onhjiret, Dut o muwpose hns bBoocn to
roinforeo thio roint thnt abselutes do not 1llo in Sho £1sld of
gonoible rortlichlors ond t0 Alnansocisto our account oF Siw
abotroet Lndelllribility of Spneo and Time fronm tho paxedoxes
thnt too rondlily Lnve been puppooed to be inherent in tho
Opoclold Thoory of Rolntiviiy.

[Doloto papes 476 ~ 2833 nloo daloto ndded ohoot to pagoe 277]
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8+ The Concrete Intelligibllity of Space and Time.

Space and Time have been ~eflined as ordered
totalitles of concrete extensions and of concrete durations.

They are distinet from Imerinary space and
imgginary time, which are totalitles of merely imagined extensions
and of merely imupgined durations, Moreover, the exiacence of
this extensien distinetion reveals that notions of Space and
Time berin from experlenced externsions and ex erlenced durations
and employ reference frames to reach out and embrace the totality
of other concrete extensions and concrete durations,

Since refarence frames are an endless multiplicity,
thelr In.elligible order cannot be more than descriptive. If
one would understand, not men's notions of Srace and Time, but
the Intelligibility immanent in Space and in Time, then one
must advance from reference frames to the seomescrical prineiples
and lews wiwse exr ression is iInvariant uvnder transaformationsg.
Moreover, the =eometry to be renched willl coinecide with the
reometry determined by physiclsts in securing invariant expression
for physical principles and laws,

Bowever, such a geometry 1s abstract. It is
abstract, not indeed in the sense that 1t 18 not verified
(for what is wanted is a geomelry verified by physicists),
but in the sense tiwnt 1t consists in a set of abstract propositions
and Invariant exvressions and that, while applicable to concrete
oxtengions and duratlons, still 18 apnlied differently from
different spatio-temporal view-po.nts. Thus, as long as men
remaln on the level of Invariant expressions, they are not
considering any concrete extension and durations inversely,
a8 soon as méen consider concre.e extensiong and duratlons,
gach views them differently. The endless multiplicity of
different s:-atio-temporal stand-points and of different
frames of refepence, so far from being transcended, re-appoars
with every return from the abstrect to the concrete.

There is a narallel point Lo be made. The
abstroct Intelligibility of Space and Time 1s colncident with
the solution of a problem in vhysics., It is the incvellisibillty,
not so much of Space and of Time, as of physical objects in
their spatio-vemporal relationg., May one not expect an
intelliribility prover Lo Space and troper to Time?

Such, then, is the gy gnestlcon envisared by
thils secbion on the concrete Intelliribility of Space and Time.
What is wanted 1is an iIntelliribllity grasped in the totality
of concrete extensions and durations and, Indeed, ldentlical
for all spatio~vemporal view-po_nts,

The answer 1s easily reashed. One has only to
shlft from the classical type of ingquiry, which has been under
conslderation, to the complementary statistical typs. It
has been argued that a theory of emergent probabllity exzhibits
generically the intellugibility Ilmmanent in world p@® process.
Emergent probability is the successive realizatlon of the
possib.lities of concrete situations In accord with Their
probabilities, The concrete invelligibility of Space 13 that
it grounds the possibility of those simultaneous multiplicities
named situntions. The concrete intellirlbility of Time is
thav 1t prounds the possibility of successive realizations
in accord with probabilities. In other words, concrete extensions
and concrete durations are the field or matter or potencg in
which emergent probabillity is the immeonent form or intelligibility.
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