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INSIGHT
CHAPTFL V

SPACE AND TIME

For a variety of reasons, attention is now
directed to the notions of space and time. Hot only are these
notlons puzzling and so interssting, but they throw considerable
light on the precise nazture of abstraction, thay provide a con-
crete and famlliar context for the foregoing analyses of empir-

: lcal science, an! tliey form a natnrel bridge over vhich we may
advance from our cxamination of science to an examination of
. common sense,

The present chapter falls into five sections,
First of all, theres is set forth a problem that 1s peculiar to
physics as distinct from other hatural sciences such as chemistry
a nd biology, Secondly, there is worked out a descriptive account
of space and time, Thirdly, an sttempt is mede to formulste
thelr abstract intelligibllity., Fourthly, there follows & dis-
cussion of rods and clocks., Finally, the concrete intelligl-
bility of space and time is indlcated.
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1, The Problem Peculiar to Physics
W ad &E— E)Z}nw.
1.%/’ o formulcte tivis problem, distinctions must be

drawn 1) between propositions ani expressions and 2) between
Invariant and rolative expressioas,

For present purposes the distinctions between
propositions and expressions will be indlcated sufiielently b§
such illustrative statements as the following:

"It 1s cold? and WI1 falt froid" are two ex-
pressions of the same proposition,

Again,'2 + 2 = A" and "10 + 10 = 100" are res-
pectively the decimal &nd binery =xpressions of the seme pro-
position.

Now Juct as dilferent expressions mey stand for
the same proposition, so the same sxprossion uander different
circunstences may stand for different propositions, This fact
leads to & dletinction between invariant snd relative ex-
pressions.

Expressions are named lnveriant if, when employed
in any plece or af any time, they stand for the same proposition,

Expressions are named relative if, vhen employved
in different places or &t different times, they stand for
different propositions,

Thus, "2 ¥ 2 = A" stands for the same propnsition
nﬁ matter where or when 1t is uttered. It is invariant, On the
other hand, "John 4s here now" stands for as many diffaerent pro-
positions as there are places iIn which it 1s uttered and timss
at which 4t is uttersd. It is relative,
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l.gr’ It is not difficult to discern the rcason why
some expressions #re Invarisnt and others are relative, For
if &an expression stands for an abstruct proposition, it con-
iains no reference to any particular nlace or timey iF it con-
tains no reference to partic:dear placss or times, it contains
no alement that aight vary with varieztlons of the place or time
of thz speaker. Inversely, if an expression stands for a eonncrete
proposition, it will contain & reference to a partie:lar rlace or
tdme and 50 it vill inclode aa element that ean vary with verila-
tions of tha sp2aierts position &nd time.

The point may he illuctratad by contrasting
the use of the copula, "is", In tne two cxprescions, "John is
here®, and "Pure water is H,0", In the first expression, which
stands for a concrete proposition, the conula 4s relative to
the time of uttarsnce; the grammatical present tense of the
verb, to be, has its proper force; and saying that John is hare
has no im»lication that John wes or was not here, or that John

will or will not e here. On tha other hand, to say that pure

water 1s uzo is to utter an abstract lav of nature; grammaticelly,
the copula ocours in the prasent tense, but it is not inteanded to
confine the force of the exprossion Lo the nresent time, For if
really it 1s true that purs water 1s H20, then nocessarily pure
water was HRO aven befeore oxyion was discovered and ture water

will remain Hp0 »ver after an atow-bomb has elimingfed anyone
interested in chemistiry, In brief, the copule, "is", in abstract

expressions oceurs not in,ordinary pressent tense but rather in

an Invariant tense that abstruets from particular times.
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Mkindinue s Pytrial
1.;/ Now if the invariance or relativity of exprassions

follows from the abstractness or concreteness of the propnsi-
tions for which thisy stand, thoa, since all methematical nrin-
ciples aml 2l natural laws of the classicel type sre abstract,
it follows that thelr appropriate expression mast be invariant,
Iﬁ fact, sucn invariance of expresaiﬁn is secured
automaticslly in mathemstics, in chemistry, and in biology.
There never srose any tendency to write out the multiniication
table or to state the binomial theorem differently in Carmany
and France, in the ninetesnth or tventlieth centurles, In like
manner 1t would be impossible to find raletive expreseions for
the hundreds of thonsands of formulae for chemical com-ounds,
Such statements simply ca:tain no referende to spzce or time, and
80 cinnot very with varictions of the speaker's vosition or enoch,
Hovever, the sclence of physics does not enioy
Jﬁi the came immunity. It Investigatss local movements, and it can-
not state thelr lavs witnont soms reference to places and times,
Since léws contain a reference to pleces and times, thay Inclnde

an alepent that cia vary with variations of the spaaker's ovocition

and time. Acvordlngly, there arises & problem peculiar to physics,
® Just as ordlngry language develops ai inverisant corulas to ay-

press genersl truths, so too, the physicist hes to find spatio-

temnorsl Invariants, i he is to employ the appropriate inveri-

ant expressions in stating laws of local motion,
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Space and Time : 230
<y The Descrintion of Spec=s and Time

*,

pofor: tuckling tuo nroblem pectliar Lo physies,

it will be =11 to roview the “nterizls or data that ave in-
volved., Such a review is @ task for description snd, as we have
saeq, descrlotions sre cist in torms of exvarlential conjugstes,
Accordiagly, we shell hepin from slemantery <uneriences, work out

tha rusultant notilons of space end time, and show how they nscess~

- arily involve the use of framze of reference end of transforma-

tlons,

2.%;’ There exlct certein slementory «nd feailiar exe

periences of looking, moving about, grasping, atc.ﬁ

The experiences themselves have a duration, They
occur, not all &t once, but ovef time, dorsover, corrnlative to
the duration of losking, there is the durstion of what 1s looked
at, Correlative to the duretion ol the wmoving, there is the dura-
tion of what is moved threugh or over, Corrslatlve to the duration
of the gras-ing, vhere is the duratlos of vhat is grasped, Das-
eriptively, thon, hiration le elther an immanent aspaet or
quality of & sxporiasince or & correlative aspect or guality of
ﬁhat is experienced, |

While duration 1s commonly attyilbuted both to

th2 experience and to thae experdonced, extension is ettributed
only to the lattar, The colors I see, the surfaces I grasp, the
volumes through which I move, &1l have extension. But it would
seam paradoxicai to spesk of the extension of the experience of
seeing, of the experience of grasping, of the axperience of moving,

Descrivtively, then, =xtensions are correlative to certain
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Space and Tins : 231

elementary and familiar experiences btut they are in the ex-

perienced and not in the experiencing,

2.g/' Let us now deffne Space as the ordered totality

of concreta extensions, and Time as the ordered totslity of con-
crete durations, Further, let us glve notice that henceforth, 18

when Spoce and Time are yritten with: capital letters, thz words

wlll be employad 1n accord with the foregoing definitions,

For besides the totelitiles of concraste: axtensions
and concrate duvatlons, there'also are merely imsginary totulities,
¥hat a man experiences, he also cen Imepine. As be experdances
extension, he also imafines extension. As he experiences duration,

he also lmmgines duration. Qur concerm is§ not vith imaginary

!
extensions or imaginary durations but wit;’the conerete extensions
and Zuratlons corralative to experience,

Immecdiately, howevar, there afises an obvious
difficulty. For neither the totelity of conerete extensinns nor
the totality of conerete duratfonz falls vithin ths sxnerience
of the human race, let alone the numan individual., For this reason
the definition refers, not to any totelities, but to oriered
totalities, It 1z true enough that oaly a fraymant of concrete
extension ¢nt! o ~onecrgte durakion fall within human experience,
8till, one cen take that fragment as origin, Bevond the extension
that is experienced, there is further extensiony and sinece 1t 1s
continuous with the extaeasion of exverience, it is not merely
Imagined. Similarly, beyond the duration of exparionce, there 1s 1]
further duration, and since 1t is continuous with the duration of _.}i
experience, 1t is not nmerely lmagined.

There follows & simple criterion for dis-

- 193 -




Space and Time

synchronized with his psychological prescnt, The existence of
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tinguishing between thoe notion of concrete Spaca or Time and,
on the other hgnd,‘merely imaginary spsce or tima, Vithin concrete
Spice there ;{ some extension thet 1s correlctive to nxperiences

/
2ll other ?itansinn in Space is related to that concrate extension:
and in g;%tue'of that reletion all other extension 1n fpace 1s
concraté. Simﬁiarly, a notion of concrete Time 18 conctrmicted
about a anclous of agparienced duration, On the other hand, merely
inapinary sﬁaci or time contain no part thet 4s correlative to
actual expafifnce.

_;-fFrom the c¢riterion, there follows & corollary,
Imaginary'ﬁﬁace or time may or msy not be structured zhout in
orfgin, But notilons of concrste Space or Time must be structured
about an origin, Yor only fragments of c¢oucrcote Spsce or Time
enter into human experience, &nd so it is only by a relstional
structure to given axtensions or duvztions that totalities of

extensions or durations cen be concrete, In othav vords, fremes

of reference ure essentisl to the ootlons of Upace and Time,

a3 Frames of reference arae structures of relstiong
employed to order totalities of sxtensions and/or durations, They
fell Into taree main classesi th: personal, the pudlic, and the
special,

First, everyone has his personal reference frame,

I+ moves when he moves, turns vhen he turns, and kssps its "now"
’ )

this personal refereace frame is witnessed by the correluation bhe-

tween the pluce and time of the speaXer and, on the other hand,

the meaning of such words a&s here, there, near, far, risht, left,
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abovs, below, in front, bghind, now, 21, 80Q0, racently, long
afg, eftc.y

secondly, tnera e¢r: nublice rofearance Jromes,

Thus, mea bagome fooaiiiar wish th. nlins of hdlddnps, *h: pef-
work of streatz ia which thoy move, th: maps of thelr cinies,
¢oy tries, continzats, Simideriy, they oro fawiliar cich the
alternution ol night and day, with th succession of wesws snd
months, ~ith the e of clocky and ¢ landars, Mo sueh relational
schanee Kall hrgeoior nmrtensions € durstiouns, Dot they are not
parsonel raference Crases that shif't sbout with an dodivialls
movemeats, Onothe coutreey, thoy A piblic, corson Lo e
inddividoals, and ensployed to translate the hers a2nd agw of iha
perso:;iel rerferznce frame into genarally intelliriole locations
and dates, Finslly, the diflerence Detwee personegl s publie
reference frames comas aut cloarly in the oceurrence of such
questions us, there am I?7 What time {s 1t? Vhut ls the date?
Bveryon2 15 alvays aviere that he is hera and now, But furtaner
knovledze Ls required to correlsce onats here with 8 place on a
map end one's now with the reading of 2 clock or a calendar

Tairdly, there are gspeclial rolavanes framas,
A basic position, dirsction, and instent are selectad. Coordinate
axes are drawn, Divisions on the axes are spacified, and so any
point at any iistant cen be denotad mivocally as an (x,y,2z,t).

cpaelal referance frames may be mothematical
or physlcal, Thy ars mothematicel if they order sn imaginary
space and time, They &are piysical 1if they order conerats Space
and Time, The distinction is brought to light by selecting any

(x,y,g,p) and asking where and when 1t £3, For if the f{rame
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is physlecal, the answer will be o Indicete some precise point in
Space and sonie pracise instant in Time, But 4f thas frame is
mathematlcal, the answer will ba that any point-instant whetever

vill do,

Re ks Transformations

Thére can be as many distlinet rafarance framos of
ﬁny Kind, ag there &re possible origing zn!l orizntetions,
From thls mulbtiplicdsy thare follows e problem
of tiansposlug from statements relstive to one reference freme to
gtatemants relotive to anothsar
Lolittinns way be partiealer, and thaa they sre
obtained by ifaspection and lasight, Thus, when teo moen face each

\
Space tn the rirnt of
A

L]

other, on: may observe &hatl tuz reglon of
one man 1; to the lef: of the othar, and oo B?E_no;v}uﬂes rhat
ander such olrvwosbannes what Jor onz 1« "figﬂt" for the otisr is
"left", In like manncer, maps of different unua }i“s nay he
correlated by turning lo the msp of tha-continent wast ineludes
both countrles, and clocks in different poc i*ianw mgy he syn-
chronized by wopzeling to thy earth's Fpiﬂﬁj ' i
1.

Lpreial referencs {ranes a&m%} a @ofr renaral
solution, Let the voint (?’f’gl) in tha fr&ﬁa}\ﬁ, be ddentical
with the point spicified as (E".X" g}) ii tha\¢ramn Kt
From geomatricel considerations it will bdlﬁo °iblu to find
thres squations relating x XYy and g, r"~p3utively tp x', AT
and g' and, farwaer, to show that these oquations hq;d for any
point (%, v, 2). In this Cushlon there ate obtainadéﬁiansformation

P
1

_ & P
equatinas and by the slmple process of ‘substiutlon dnyi-statement
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1ﬂitarms of %, 3, % can be trensformed into & statoment 4n terms

of xt, ¥y, 2.

]

For sxwsple, tho wave~front of a 1light sipal

amittpd from the origin of & frane, K, misiii be the sphere
l\

Lo

5 P O

— —_— —

The equétions for transforming from the frame, K, to s frame,
\ |

Kt, might be |

|

3

x = x'~vitiy = Y

—

-

g2 28 ¢ = tt,

On substituting, one would obtaln the equation of th- wave-front

in the fr&me; K!', namely:

1

Cx - YP')Z » oyte §32 =  elg1R

]
L

265 i  Generslized Geomstry

Iﬂﬁthu foreigoing considerstion of transformations,
the procedure]ﬁggﬁggggd in the spag}g&wggggjapon seomaetrical
considerations. It is worth noting that the inverse procedure is
possible, tﬁat is, that from a conslderation of transformations
one can work out the general theory of geometirles,

Consider any fanctlon of p veriables, say,

F(xs Fpaeeer ) = 0 B ¢V

and any n arbltrary transformation syuations, say,

xp o= x(x'y, Xosenes)

g = EAx'3, X'2seee ) (2)
whieh on gubstitution yileld the new fwetion, say,
G(f'l;.ﬁ'z:----)'=0 - (3)
1 A




(

space #nl Time

- mathematical expressions invariant under those transformstions,

E T

v
&

Lat these mathematical expressions heve a geometricsl interpreta~-
tion, so thai the initial varisbles in xy refer to rositinns
along the azes of a coordinate system, K, and the subsequent
variables in f'i rafer to posltions alony th2 wxes of ancther
coordinete system, K', and the transformstion eguatinons repre-
sent a shift {rom ths reference frame, K, to the frame, X!,
| Now the mathematlcal zxoressions have tha same

meaning, stend for the same propositions, snd require the same
geometrleal interpretation, if they have the sams symholle form,
For the meaning of & muthematical exprescion recides, not in the
material symbols employed, but in the form of thelr roambination
to Indicate operctions of adding, multinlying, sn! so forth..

Accordiagly, when the svibolic form of a mathe-
matical expression is nachonred by e transformation, tha maening
of the expression 1s unchsnred. But o transformation 4s ¢ shift
fror one spatio-temnoral stanqtpoint to another sand, when
exprassions do not change tiaelr mzaning nnder such shifts, then,
as w2 nave saen above, tha 2xpressions are invarlant and the
groand of that !avarlance is that the sxpressions stand for
abstract ani gonerally valild propositions.

dow the princlples and laws of a geometry ara
abstract and generally valid propositisns, It follows that the
mathemetdlcal expression of the priieciples and lews of a geomotry
will b= invariant under the permissible transformations of thst
geometry,

Such 1g the genersl principle, and it admits at
least two applicatlions, In the first application, one specifies

successive sets of transformetion ecuations, determines the
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care oy fastences of & covarlendy tensor of ths sscond degrep, tien

and conclndes that ths successive sets of inveriasnts reprazsont
the »nrincinles and lave of suceescive vopmeirieos, In this
fachion one may differentiate fuclidean, affine, nrofective, and
topological geomotring, Sac, for lactince, *he summiry oitline
oftared by V. Lenzen in hic Noture of Phy«alcal Theary, MNew York

1931, pp. 59 £f.

A necond, slipghtly different avrlicution of the
panerel prinsiels ocours in he Liizory of Klemznnlan me~ifolds,
The ona bazic law joverning all such mpznifolds 1z clven by the

equation for the Infinitesimal intervel, uanely,

‘s Z Bqydxydx, J_éa d21y 2 vee !ll

ds

g

where dx,, dxpy »4. AT differentiale of the coordinatas, where
the coefficients,_gij, are functions o7 the enomlinates, and where
in peneral there r;-gz nraduess vuise tne sumaztion, Since this
equation d4afines the infinitesinmal Interval, L1t =gt be Invariant
mder all permissible transformatiosng, Howevor, iInsiord of wori
ing out sucuessivé sete of trinsformations, ~ne conclders any

transformations to be permissible and efrects the differentiation
of different nmanifolds by impnosing ractristinne apm the coeffi-
clants. This 1y Jone by sppasling tn the tensor czlenlus. for

tansors cre Jatiaed by thelr transformztion ororertles and 1t

can be miova thet, 1a the presewnt care, 1 tho coefficlents, g4y,

the expression for the infinitosimel doterval will bo invariant
under arhitrary transformativné. It follows ihst there zre as
many instzness of the Rismannian menifold and so as meny distincet
geometries, uc Lhere &re instsunces of covariant tensors of the
second deogrec cmnloyed to specifly the caefficients,_gij.
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Thus, in the familiar Buclidean instance, g4 is untty when
_ilequals,jf it 1s zero when j doeg not equaiqi: aw! there ars
three dinensions, In Minkowski space, i £44 is unity or zero
as before, but thers are four disensions, aﬂl_;L sguels ict.
In the Geaeral Theory of i.elativity, tue coelficists are
syametrical, =o that 813 @quals g1+ and in the Gagarelid zed

Theory of Gravitation, the coefflcisnts are anti-symmetrical,
3 ’

2,6 | | A Lopdesl Hote

It is .o be osbsorved thet trensformation equations,
operations o1 transiorming, the definitlon of tensors Ly their
transformation properties, and the whole forogolng aceount of
the diffsrentiction of genmetricel manifolds belong to hiphera
order statements,

For distinet retference franes as-ipn different
specificacions to the sam2 polnts and instants an they ssoign
the same specifications (nunbers) to d&fferont polnts and Instaqts,
Accordingly, they must belong to different universes of loglcel
discourse, =lse eadless amblguities would recult, Yor the relatlons
between diflerent uulverses of discourse can be steted only in a
further, higher-order uiiverse of dlscourse: in other words, the
relatlons between different universes of dlscourse regsrd, not
the things speelfiled in those universes, hut the speeilicstions
employed to dsnote the things, Yhus, a transformetlon equation
does not rnl&te.points'or inctonts, but Lt dors relate different
ways of specilyring the same points and instants, Similarly, sueh

& property as invarisnce ls a property, not of a geometrical

entity, but of an expression regarding geomstrical or other entities
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3 Zhe Abstract Intell{pibility of Svacc +ng Time,

The erpunent Laren o0 ¢ deahlem pecullsr to
phyeles, Beegass wit scisnce deals with ohjects 4n their
spatlsl and t.owavel relations, the aupression of its orin-
ciples and leve does not wutomerieallvy antein the invarisnce
propar ta such abstract orovositions, ilowavar, as vas shown

in Chapter 11, this difficulty can be Larned to profit, l-as-

“much as the phyvalelst cen posit & nostolete of {nvarlance and

then enploy thot pontalste ar @ hedardstis nomm io deternining
which ozprossiong can repragsent phrsdezl vrisecinles and lawvs,
The secomd strand of thne o gument ¢rasieted in
an ontline of thoe dascristive notions of Dyaes #nd Time, It
begen Tron experiznees 97 concretz extensions sad durstions
and it snoved that we can Torm aotdms of all eonerate axten-
slons and of ald eocrete durations 47, and only 1f, thase
totalitlas are ordered by Trames of roference, fssentlally,
then, the -descriptive notlon of Epare is of Space-for-us and
the dascrintirvs aotion-of Time Ls of Time-for-us, Agzin, one
might say the' those 1otions necassarily contaln, on the one
hand, an empirical or material clement and, on the othzr hend,
an inﬁelligiblé or formal clament, Ths cnnirical or material
elenant consists of e¢oncrete extensions &nd of concrste dura-
tions, Tha intellipible or formal element orders these mater-
ials into singndar totalities, Horeover, without this inter-
veatlon of ordering Intelligence, the notion of Space cannot
ba both coucrate and all-embracing, and sinflzrly the notion

of Time cinnobt regard the totellty of coucrets durations,

3




- fnace and Time

that 18, they can ba the manners in whiceh we intelllgently

8t111, thece desceriptive notlony o Space and
Tine pannot eomtain the intelliglbility that is explanatory
of Space sni Tlme, It 1s true thzt thsy c¢ontain an invelll-
6it1la or formal component, rut thab comorient Is the orler of
& refevsnce frame, and reference fraces are an infinity, They

can be the intcllizdbilivy of Lpace-for-us and of Time-Tor-us,

order exbtensions an. Jurations In eccord witn tite coavanlonce
of tne moment, but taey cannot be the immanaont intelligibility
that i3 explanabory of Upace nor the lanmanent intolilgibility
that 1s explanzbtory oY Time, for raferance fremes /.3 inflalte,
but corrzct explanatlions are unlgue,

However, tnis glves rise to a Turther provlan.
On the one hand, if ve rctuin reference franws, we are deallng
with infiritles of Tormslly diff'eraat notliong of opace and
Time, On *h- othar hand, 1f wve drov refersace {reues, thsn our
inculry 1o confined eithae to mersly imsginary space and time
or oclse to the relatively few extensions and durgtions that
fzll within nur experisnce, It is this dilemma that raveals
the significance of transformations and invariance under trans-
formations, ¥or, while such considsrations bdelong to a higher-
order uaiversa of Jisgourse vhich dirsctly regardsfggjects but
expressions relorring to objeets, still they cun serve to
point the way to grasping the intelligibvilities immenent in
Space and 1n Time, Inasmuch as we say what we thlnk, the pro-
perties of our expressions reflect the properties of our
thoughts, Inesmuch as we think intelilgently, the propertlss
of our thoughts reflect the properties of our insights, In
this fashlon, the invarlance of expression has glready been

R -2 s - . I
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traced to the abstractness of what 1s thonght or meant and,
at an earlisr stage of th2 inqiry, the abstracthess of
elassical lavs was grounded on the earicning cnntribution
of insight, Accordingly, we shell not be veaturing 1ato a
nev line of thought, 4f we argue that the set of insights,
by vhich we grasp the intelligibility lamacent in Space and
Time, will be the set that 1s formulated 1a spatial and tem
noral principles and laws invarisnt under transformations of
referance Ifraes, |

Clrarly =nough, this conclusion gives no nore
than & generdic aincwer to oar question, It amowmts to saying
that the Ilmaanent intellipgfvility of Space asnd of Time will
be form:latad in one of the geomstries that fall under the
generallzed notion of geometry, There remains the task of
assigning the specific geometry that governs concrete exten-
siong and concrete durstions, 5till, ons hes only to mention
this task %o be reminded that there 1s a problem peculiar to
the ompirical sciznes of physics, that this problem arises in
physics inasmich as It is involved in spatial and temporal
relations, end that the general form of its solutlon is teo

nostulate the invariance of plysleal orineiples and laws,

The Thurrom .

3.%/ It is time to turn from talik about what wve
propose to do and sottle down to the work of doing it,

The sbstract formilation of the intelligivility
fmmanent in Ipace and in Time will be one of the nossible
sets of definitlons, postulates, and infereices thut system-
aticelly unify the relations of extensions and of durations,

All such: possible sets of definitions, postulates, and dufer-

ences sre geometries, Therefore,

the abstract formulation of
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the intelligibility Immanent in Sparee and ia Time will he &
geometry.

The expression of the princliples and laws of any

-geometry will bs invuriant. For principles and laws are in-

dependent of particolsr vlaces and times, and so thelr proper
expression caunot vary with variatiocas of spatio-tomporal
stan@tyoints.

Moreovear, a geometry cunnot refer to Space or to
Time sxcept through a reference frame. Accordingly, the in-
variance proper to the oxpression of geomatrical principles
and laws is an Invarlance under transformations of referance
framas,

There follows at once the generic solution, The
abstract formulation of the intellipibllity of Epace and Time
conslsts in a set of invariants under transformations of
roference frames. lowever, there is &« range of such sets of
invaiiants, and so there remains thne task of determining the
specific solution.

¥e note, accordingly, thet tne relevant intelli-
gibility 1s immanent in conecrete extensions and in cancrete
durations, It Lo an intelligibllity that belongs not to the
inagined but to thz erxpericnced, Now tha emplrical canon of
complete explanation has aslready asslgned to natural sclance

tha duty of doing for cxpesrienced =xtensions and durations
exactly whet 1¢ done for erperienced colors, sxperienced

srunds, axperizncad heat, experisnced electro-magnetic phe-

nomena, Furtasr, plhiveizs s the natural sclence on vhich this

duty falls, as anvnoars from Lts peculiar problem of 1nvar1ance.§§

Again, 1if the physicist solves his pscullar problem and
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arrives at ah invariant expression of his principles and
laws under transformations of reference frames, he cannot
avold reaching the speecific solution rhich wa are seasxing.
For the specific solutinn we are seexing 1¢ the set of ine
varlants under transformatlions that 1s verifiable in ex-
pericenced extensions and durations,

The sbstract fﬁrmulation, then, of tha intelli-
gibility immanent in Epece and 1n Time 4is, generically, a
set of invariants under transforsations of reference frames
and, specifically, the set verified by ohysiclsts in estabe
1ishiinr the invaviant formulation of their abstract orin-
elnles and lavws,

A corollary may be added, The intalligibility
fmmanent In Srace zal in Time is 1dentical with the 1ntélli-
gibliity roscenad by ohvsielsts investligating objects as in-
volved in spatiel and temporal relatlons, Henece, to eliminate
the concrets objects of »aysies woildd be to 2liminate the
intelligibility of Space and of Time, Arain, inasmach as
physicsl objects are involved differently in spatisl and tem-
poral relations, there resulty different intellizibilities of
Space and of Time. This concluslon may bde 1llustrated by the
possibllity of different types of tensors bheing employed to
gecure the covariance of different sets of physlcal princinles

and laws.

3,2 ¥hile the forepoing argament of itSalf say s
nothing for or against the verdfiability of Euclidesan geometry,
st1ll it supposes that Euélidean geometry is not the one and
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only true geomntry, zad it sdults the possivility of othar

geo@etyies being verifisble,
- The suppositinn 1s, of course, far more furdamental
than the admission, It ic A1fFicoult 1ot to find the inspiretion
of rationallsm, vhich deducss everything olss fxom allaged
self-evident principles, in the notlon that Euclld@ formelated
the one und only true geometry, after all, the sipreme
rationalist wrote on nis title page, rnthiica orwdine rssmetrico

demonstrata. Still, these high matters lis boyomd the range

of present considerations though, in due ¢ourse, wa hope to
meet this issue wilth & distinctinn Lietween snalytic proposi-
tims whiech are not far from tautolosles, an? arulytic pria-
ciples, whose terms aind relavions are verifiiabls fu the
2¢istent,

At any rate, sreseat coucern hes 1o ﬁe cafined
to meeting cluims thet Buelidsan geometry obvisisly 1is veri-
fled in concrete sxtensions and thet ordinary notinms of
simultaneity obviously are verified in concrete diarations.

Clearly, there is a sonse In vhich these cladms
are true, It has been gc2en that one ciniol form a antion of
Space without invoiuing a frame of reference, It ls plain that
men form notions of fpsce and, no less, that tho framss of re-
feronce thay construct satisfy Suclidean requirenents. Simil-
arly, one caniot form a notion of Time wlthout Zntroduciag &
frame of reference, o1l the frame ordinarily lntroduced is
necessarily in complete acecord with ordinary a0tions on simul-
taneity. dot for a moment would I dispute the contention that

Buacillean geometry and the common view of simultineity are

e R it " A pe
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both verifisble and verified in the descriptive notions men
form of Spice mn' Tima,

ioraver, ¢fter granting ell that is obvious, we
mast now add thet 1t 1s quite boside the polnt. The snalysis
of descriptive notions of Space aad Time hes its significance,
but that significance 15 anthropolorical, It reveals how men
commonly proceed from hha extenslons and duratinns of exper-
ience to the totalities nanmed Space and Tine, On the othor

hand, when we admit that Huclidean geometry might not be

EQQ”' o verifiabla, we are sperking of & verification, not in human
notions, but in concrste extensions &nd durations, Ve are

not asking how men find it convenlent to cancelve Space and
Time: we are asking how scientists may correctly axplain
opucs and Time. Vere the sclenbtists in guestion the psycholo-

gists, one wignt appeal aaéinatftusin/conc%nsien to vhat 1is

obvious in the mentality of Vec fnwu man, Iut the sclontists

in questing heosan to be phyaicists, and tine dete ol conscious-
ness, however clear, are not amnong the data proper to physies,

So rmucn then, for the sweeplng claim that our

concluasion must be wrong because 1ts error 1s obvious, It
e ;_ remains that objections muy beless sweeping, and these must

1ow bhe mat,
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3.2/ The absolute space and the absolute time of

liewtontlan thourht possese ths twofold marit of exhibhiting
an MohviousY wyhiaw and of Inviting criticism thut goes to
the root of tius natter,

Suppose a penny to fall to tho Tlsor of &
moving train, and ask for an account of the trajeefory of

the fall, Unfortunetely, there are zeny sccounts, Haolatively

Lr

to the floor, the trajectory is a vertlecal struight 1line,
Felatively to the earth, it is a parabola, Helutively to the

axes fixed In the sun, it 1 & more conplicated curve that

takes into account the snin end orbit of fhe ea:rth's movements,

Relatively to the raceding nebulaa, it contains ¢:ill further
comnonents, E&%&ksrihere is only one penny in question, and
there i3 only one fall., ¥Yhicn, really, 1s tie traloctory?

Wewton would ansver by distingudshing t=tween
true ant aoparent motion, Both are relctive, But, »nile
apparent motion is relative Lo ovh=r bodies, such &g the train,
the earth, th» sun, the acbulae, true motion 1s relative to en
eternal set of immutable places named absolute space. If one
thinks of apparent motlon, on=z can say that tiie nenny moves
relatively to the train, the train ralatively to the earth,
the earth relatively to the sun, sad the sun reletively to
the nebulae. But if one thinks of true notion, one can say
that, perhaps, the penay, the traln, the earth, the sun, and
the nebulae have a comnon valocity relstively to a set of
gternal and lmmutable places,

Horeover, if Wewbton named his ubsolute space

mathematical, he also considered 1t resl, He admitted the

difficulty of determining when there was a true motion, But
- 208 -
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he was far from acknowleds-ing such & conclusion as impnssible,
On ths eontrary, he perforaed nds famous bucket experiment to
shiov that true motlon raelative bo &bzolute space ¢2:14 be
detected, A biacket of water was susperiad from a txilsted rope,
The bucket 5n3n aad, for a vhile, the surface of the wvetar
remgined flat. The surface then hollowed out into a parabb-
loid, Bventually, th:: bucket ceased to soin, but the mmrface
roveined hollow, Finally, the surface bocame flat egain, Now
tha holloviny of the surfuane of th wutar wis Jus to the
rotation of the water end, &5 this hollowing ocrurrsd hoth
while the bucket was soinnin, znd while the bucket wag not
spinning, 1t could not be merely en apperent motion ralstive
to the backet. Thereforwe, It wes true motion rolative to
ebsolute space,

Lot us nov turn to criticlsm.

First of all, the bucket axperimont does not
astnblish the existence ol an absoiute space, Frow tha axpari-
ment one mlght eonclude thaet really &nd truly the sater was
rotating: for in ths hollowing of the surface one miznt verify
a centrifuyrel ecceleration: antd if there ig a verified centri-
fugal aceeloration, there is a verifled motion, fowsver, true
mation In tie sence of verifiod motion is one thing: sad trae

motion in tho sense of motion relative to abrolute space i

quite another, The backet experiment doss not astallish trae
motion In this second sense., Indeed, the sols link batween
the experiment and ehsolute space lies In an eculvocal use of

the term, true.
i

Sgpndly, the Hewtonlan distinction betmeen

true and appareat motion 1nvol§es the use of an extra-scien-
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tific category. There are tha dats of experience, There are

inquiries, insights, and formulations, There are vorificetions

of formulations, Lut just as Galilleo impugned given colors,
sounds, heet, and the like as merely apparant, so Hevton
Insugned as apparent the observalle changes of relative

position of obsarvable bolies, Just az Oalileo affirned as

real and oblecrive the nrimary guellties that zve mathematicel

dimensiong o naattir In motion, ro Nevton, at'ter eliminating
experienced motinis s apparent, ackaovledged a:c true the
motions relative to a non-experisnced absolate space. Yhat is
this truth of true motion? [lho:wgn dewton confused it vith

the twith of sxperimsnt and verification, 1t has to be some-
thing elsei otherwise, there would be no eenfusion, Vhat,

then, s 1t?

4 fuller acemmt will be attenpted vhen we traat;

the notion of objectivity, drémpierai2 w3, Far the nre-:

sent, it wlll suifice to raecall that the Calilean aciartion
of the reality and obiactivity of orimary cnalitles was nnt
in accord with the canou of parsimoay but, ad vo. huve seen,
extra-sclantific (Ses Chapter III,¥5), In slmnler terms,
Galileo's real and objactive vwas tha residue loft in the
popular categnry of tha Yreal.y out there®, aftaer colors,
sounds, hast, 2tc., hal bzen eliminated, By parallal rascon-
ing, Nevton's abielut: space was thoe "really out taere” but
enptied not only of Galileo's secnndary qualities but alsoe
of his own apparent motions, From this vosition to Kent's,
it 1s an euysy step, For Kant, as for his scientific pre-
decessors, all sensible presentations were phenomenal, But,

while ilevton secured a metapuysical stutus for his zbsolute
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New York, 1925, pp. 257 ff.), Kant gave this exwpty "really

spece by neming 1t the divine sensorium (see Eoh. Burtt,

The Metophysical Foundaziong of Moderu tcience, London and

ont there™ & critical stetas by making it an g prioril form
of human sensibility,

Thirily, Galileo, Hewton, usanl Kant were
lookiné for some sort of absolute, but they were looking in
the wrong places, Thay sought the resl as opvosad to the

apparent, only to enl up with everythiing anparent, thoe notion

of ths real inclodeds Lot us follow a diflerent taek, Then
avery coitent of experlence will be equally valid, for &ll are
equally given, and all egoally are to be explalned., Wext, ex-
planations vaaalt from anrdchilng abstraction, end so thy ara
abstract, and thelr proper expression must b2 Invarient, Third-
1y, not every =xplanation iy equally correct; some can be
verified, and some cannot, There follows at once thie conclusion
that tha real, objective, true cousiets of what is kKnown hy
formulating and verifving invarient principles and laws, Our
gceount of Space is siomly & particalar case of that conclu-
sione.

Fourtiily, let us attempt to meet the pro-
blem of the trajectory of the nanny, As we have seen, possible
frames of reference cre infiaites but in eny determincte frame
of reference, thare 1s only one correct trajectory for the
peniny. Next, while some possible frares of reference are
more conveslent than others, still sll are oqually valdd, and
50 there are many correct trajectories for the penny, Fur-

ther, this involves na contraddction: just as vhat is to my
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right can ba to your laft, so the one fall of the one ponny
can be & sirairht line in one frame of raference and & para-
bola In gnother [rame of refaronce} there vould be & contra-
diction only Af th» same fall v=re both a straight lire and
& parebola 1n the seme freme of refersnce,

Fii1elly, this positlon is not unsatisfactory.
As long as we are spasiking of porticeular thiags 2t partiecular
times in purticular places, =e cannot‘avaid employfng ralative
expressionsy Tor it is through our sanses that ve know the
particular; aad our senses are in particular pluces at par-
ticular times, On the other haad, invariant expression, which
is independant of the spatio~-temporal étaudipoint of particular
thi wers, ls a property of abstrect propositions: &t can be
demanded only of the »rinciples and laws of a sclence: and
the trajectory of the fall of & particnular penny is not a

principle or a lew 1n any sclence.
Jed

b 5' The comion view of simultansity possesses,

perhups, & lerger and more resolute following than Newton's

ahsolate spece, If two events are at tho same time for any

obsarver, then, we shall b2 told, they must be &t the same

time for every observer,

The first lice of defence will be, no doubt,
the principle of contradiction, The same events cannot be both
at the same time and not at the same time, Therefore, to say
that tha same2 events are at the same time for one obssrver
and not at the same time for another, 1s simply to violate
the principle of contradiction.

Gtill, this first line can be turned, ﬁhat

D,
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15 "aow® for me writing is.nat fnow" for you reading, If the
same avent con be both now (for me) and not now (for you), 1t
may be true thst "at the sane time™ belongs to the same class
of relatlve tarnz as Jdoes M"now®: and 1f it does, th there 1s
no more & contradiction in saying that events, simultaneosus
for one observer, are not simaltancons for another, as there
i1s 4in saying that svents o tho present for ons observer will
be events of the past for anothsr,

The issue 1s not th= principle of contradiection.
The lssue 1s simply whether or not "at the same time" 13 to
be 1llsted along with such relative terms as "now" and "soon",
Theraett aﬁd ftheralh, Mright" anl "lefth,

Tha simplest approach to tie lssue ig to analyze

elementary apprehangions of simultaneity, Already we have rg-

margal that ve experdence duration bothy in the sense that the

axpoeriencing s over time and in the sense that tie experienced

eridur=ag through time. How we have to add that these two as-
pacts of the ~upegrimer of duratim stand in a certain order.
Thus, when 1 watch a nan crossing a street, I look out and
inspect the distancs thst he traverses, but I caﬁnot look out
aryl inspect in thne same manner the time he takes to cross,
Iﬂor 1s this surprising., The wlole distunce treversed ls there
to be inspected all at once, but the duration of ths travers-
ing 1s there to ba inspected, not all &t once, but only in
successive blts. Moreover, what Is true of the traversing 1s
also true of the inspecting: it too is, not all at once, but
over time., If one supnosed the possibility of a timeless in-

specting, one might infer the Inspeaction of a four-dimensisnal

U



e b L ME TR a e g AT e d o Al L BT I e TS T i T L e s el T LT S L el e i e

Space and Time 251

continyum in which both distances and dvrations were pre-
sented In exactly the same fushlon. But when inspecting takes
tiwz, then th~ time of the inspertiang runs coacarrantly with
the time of the insp=cted,

Such rescrks o1 the avpranenslon of durstions
seam ralevant Lo anoaccount of the apprebension of simul-
taneous durations, lnstead of watchlny on: nan cross a straet,
I night watch tv.o wen crossing a street at the sams time,
Since it would be perfactly obvious that thay wero crossing
¢t the saws time, 1t should bz eqnally obvious that thers Is
sone time thot is oane ond the ssme. Fhat time, then, obvions-
ly Ls the same? 1t wmust be the time of the watching. For, in
the first place, the wetching has & duration, for it is ot
all at oncs. In the sacond place, the duratlon of the watch-
lag mins coacurrently with the duration of vhat is watched,
In the thi-d place, when tvo movements are the ol ject of ane
and the same watching, ther: are, in all, throe durations,
nsn2ly, one in each movemeat &ud ons in ths watching; but 1t
1s the doration of the watching thet 13 apprehended.as running
concurreatly both with the duration of o:ire movemsnt and with
the dnratlion of itz obhert and so it is the duration of the
watching that [o the one and same tine at whish both the
movemants are oucurring.

This enalysis is confirmed by a congideration
of apprehensions of Vapparent™ simaltaneity, If you stand
beside a men s¥inging e hammar, then the sight and the sound
of the blow are at the =same time, If you stand off st & dis-

tance of & few hundred feet, tha sight of the blow is priox
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to the sound. In the first case, the sight and sound are at
the same time, In ths sacond case, tha sight end the sound
are a0t at the same time, Still, the blov is alway;fglmultan«
eous source of both light-weves and sound-waves, The reason
why there ars different, "apparent" simzltaneitiocs must be
that the "appearance! of similtanelty nas ics ground in the
duration immansnt 1a the flow of consciousness,

Duch seam to be the facts and, like the
facts of relative motlon, they give rise to & problem, Is one
to follow Galileo and wewton sud insist that, beyond tha multi-
plicity of merely apparent similtaneities, there is a real,
objective, and true simnltaneity that 1s unique? If s, one
can omit further mention of the observer, and one will end up
with an absolute time that flows equably everywhere at once,

It will not be the tlme of clocks, vhich rm st or slow, It
w1ll not be the time of the snirming ~arth, for under the action
of the tides and the receding moon, thuat spin is decelerating,
It will be an exact, constunt velocity that st every point
in the universe perpestually separstes the present), from the
past and the foture in precisely the sams minner,

5till, this absolute time will not be
vhet we have definsd aes Time, For Time, as we have defined it,
18 an orderad totulity of cnacrete durations, It includes the
eanerete durstinus both of our experlencing and of what we
gxperience. Through an ordering structure or refarence freme

it reaches out to smbrace In a singls totallty all the other
whied- | rowade ed ptrimad, ava Pl L

concrets durations wh1thaeAQQADDtVBKEhtlﬁuyagaj>auiih>¢£&abe

to the concrete durations that are axperiencad, In contrast

with this Time, absolute time simply lles outside bxperience.
- 215 -
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It mects the requirements of a wathematical ideal and,
strengely enough, unlike otrer mathematical ideuls, 1t is
sald to be "really out there®, Rather, 1t once was thought
to be really out thare, For th~ Hewtonion rejection of axe
perlenced durations ac apzirent $ize in favor of a non-ex-
parioined absolute time promphly wer followaed by Kant's
trancforaztion of absolate time inte an a oriori form of
homarn sonsibility,
o i this the only coanlaint apalinst the
Newvtonden procatire, &3 abiolute spuce, 0 ébsolute time is
& result of looiing for the absolute vhuore tne abzoints does
net exdst. If it were true tha® events, simultansoas for one
nhaervar, mist be simultancous for cvery other observer, then
| 1t voild be true that expressions of simultaneity ere In-
variant, But there 1s no reason to expact lnvariail express-
Co j ions of slmultanedty, for iInvariance rasults from &bstract-
ness, and no statoment reparding the partienler times of

particilar evente ls sbst-ict. From the very struclture of our

— f cognitional apperatuc, murticalars cre wiowa throurh our
sennes, sind our sensss operate under ¢patio~temporal condi-
O tionz, Thoy canidot escape relutivity and so, 4f an abzolute
1s wan*oed, 1t must be sought on ths lovel of intelllgence
which by abstraction from particiulsars provides & ground for
invariant exprassims,
o -
qr:v%www“m—-
2.5 Ve pave been spesxing of the elementery

duretions an? simultancities of the persoual reference {rame,
But, besides perconel referance frames, ther2 cre publice and
speciel reference freémes, and they call for & few remarks,
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Aristotle defined time as the nusber and megsure
of local motion derived from successively traversed distances,
Such 1z the time of tho spiining serth and of clock:, "Two
otclock" f=8 v nu.bar and "two bours® A: g measure, Doth are
reached from th: locsl motion of the hends over the face of
& diel,

However, ther: zre many loral motions, aud every
onea sueéessivelv traverses B sardas of distences. It follows
that, though all do not yield nuabers snd mzasures indlecating

time, still all could do so. Objoctivaly, then, end funda-

This implleation of the Aristotalian positi-am was
noted by Aq.inas, Howover, 1f sesmed to him4'not &1 imnortant
trutqi}hut rathar gn ot lection Lo be amiswered, [ime must he
one,.and so he apoeslsd to the primum noldle, the ontermost
sphkare, ard it had only one loeal motisn, Hormov:r, as it
groumndezd e2ll other local motions both In the sky ervd on the

earth, the time of 1ty moverant must he the ground of &ll

other tires, {Jee ..Inowss Aguines, In IV 1ib, Phys, Ardst.,

lect, 17, ed, Leon, home 1884, vol 2, p. 202, 350) «

One will be inciinad, I thick, to zgree that as
long ac Aristotle's primum mobile wes supposed to exist, our
universe wus supplied with & single, stenderd time. 00 the
other hand, once Copernicus eliminated the Ptolemale system,
that standard time no longer was gossible and, inm 1ts place,
there arose the problem of éynchronization, of meking many

movements yield a single time for public and special refer-

erice frames,
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Suppose, then, an aggregate of clocks scatbered
about tho universe, Let bieir relatlive positlons be constant,
and 1zt thew be kaown In terms of soms refersnce frane, X,
Let 1ipht siznels ba sent from the ordidn o! coordinatas to
the clocks and roflectsd from tha clocds buck to tus origin,
Then, a synchroaizaliom of olocks wlght be effected by laying
down the rule,

2t = LR

vhera t is the resding of the distaat clock vhen the light

signel 1s rec2ived and reflected, and where g' and t¥ are
. the readings of the clock at the origin wien the light signal

is einltted and whon 1t returns,

However, syichronization by this rule would be

fg“ ' successful, oaly if tho outward amd the raturn journcys of
! th= light si;nal btook tha sane langth of time, To setisfy thls
;f:-_. requirement, one migat distingulsh batresn basic and derdved
; synchronizations and demand that thie basic syncnronization
taks plave with clocks thitl are at rest wich respeet to the
ather and in & roference frama thet siudlarly is =t rest,
Then, synchronizatlon in moving [rawmes would be the synchroniza-
0 tion of thalir clocks with the clovks of tne bvasie frane, and

thore wouldl foliov for all point-insténts an observeble time

that conformed Lo the propertlss of Hewtonls absolute time.

There 1is, however, one diffleulty to this zolu-

0 .
tion, One can 1in principle suppose & .y anumber of referance
) J frames exnibiting as meny variotlaes of reletive motlon as one

pleases. One can supnly each frame with clocks that, relcotively
to the frame, are at rest, But a difflculty arlses vhen one

attenpts to select the frame that absolutely is at rest and,
- 218 -
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if one cannot datermine the basic syachronization, much less
can one reach the derived zynchronizationcs,

Ot11) thare is an wlternutive, Instead of
seakdng the ahsolute In thye f1<13 of partlculur relfesrence
frames, one can ¢eex 11 ia toe field of abotract propositions
and laveriant axpresslous, hceardingly, one may poctolote thaet
the mathematicsl expression of physleal nrinciples and lave

be Invarlent under inertial tLrznsformations, ann ons may note

that from the poctulute Lt follows that In all reference framss
moving with & relative wniformw motion ths voloclty of light
wiZl Ve the sams, For the consagueont Zerlvation »f *ae Finstein-
Lorentz transformetion end of Linkowski space, the racder may

be referrad to Lindsay and darcenau, ppe. 332 1,
" ;]

Eatore closing this section, it will be

mall to set forth briofly the principles that nave ruided us

in deternining the abstrect Inteliizibility of Spree and Time

and, no less, to indicate the grounds that lead to different
views,

OQur position follows frnw our aceonunt of

abetraction, Becauge the priucinle or law 1s abstract, 1its
expression cannot vary with varistions of spatin-tomnoral
stanqipoint. On the other hind, because we know partienlars
through spatio-temporally condltioned senses, we inov them

) | from soma noint and Instant vithin Epace and Time, It follows

thet omerete places sad timas cre spprshended only oo rela-

tlve Lo an observer, thet thielr totelitlies caa be eubraced

only through the device of reference {rames, thot raference
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frames will be many, ont that tronsformations of reference
frames cen involve chmn;es.in the relotivity of places znd
times to obaarvers, Accordingly, 1t ~ould be & micteks to
look Tor the fixed or absolute on the leval of particular
placas and times; the Hnly absolute relavaent te fvoce end
T ime resideé 1n thz abstrict propositiong vhose exnression
remaing invarient under nerpissidble trangformmtions of refer-
enée franme.

On tha other hand, oirosed vositions take thelr
stand on the premise thet something Fixsd or shislute s %o
be ackuowledred on tha lovel of sansa, In the Avisbotalian
world viaw, tnis was =mupwlled by the outermost celastial
suhare wilch boundad affocetive £0ang undy for Aquinas at least,
provided the wniverse with & standard time. MNeubnn's adbeolute
apace angd abeolnt2 time were 1n tha Tirst instsaee imarinery
mathamatical constructisnszt but th=y wer: objectiggficd through
a confusion of th: truth of verification and the treath, prior
to intelligence and thought, thut rosides in E&Preally ot
thers"t finally, they were plven a metaphysicsl status by be-
ing comnected with the omnloresence and tha eterairy of God,
Kant simplified this position by saking Hewion's amptv space

and time into g priori forme of the sensibility,
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On velilean and Newtonlan suppositions, measure-
ments of dlstunce énl of duratlon aro invariunt, so that 1f
& msasuremsnt 1s corxaect in any fraze of relerence, th: sare
maasurezent must be cor: et In all lrames of reference thit
are permissicle,

On tihe Bp:clsl Theory of Relativity tios invariant

Ls the Tour-dimensionsl Interval, ds, wizre

a? = a? 4 afs a? - fa?

Hence, 4f the wvaluz of dg is correct In «ny refersace frane,
voSla
the ame padersy pust be correct ln all permissible frames,

On the other hand, tin velues of the cpatial components, gx,
dy, dz, and thoe valae of tue teaporal cosponamt, dt, can be
corr:ct fo onz r=faroace frams wlithout theraefore boeing corrasct
in 5tner perimiveible frames, Az 1s clear from ths shova agua-
tlon, the spatlael snd temporal comporients can assime any nim-

var of wvalues compatible with the constuacy of the interval, ds.

i

Cleavly enough, this theory nccessitetes same
revision of earlier viotions oa measurable magaltudes, standard
units, messuring, end measuresdent. For on the earlier view a
measurenment offdistance or duration 1s some single nmwsbar walid
in &l reference frames. On tne new wview & measurement of &

distsnce or & duration senms to be & series of numbers in

correspondence with a serles of reference frames.
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Stich & revision is not easy. Ordinarily vpeonle
forn thair notions of mesasurenmants 8t & tim: when theay taka

Mowtosion presunrositions for sracted, Latar, whan thay are

e

confroittal »ith ralativity, thavy r2 apt tn be costent to
meka obvions gitaretions withont thingliy things theouzh to
a fully raharont posiblon, Thare results & jlecemesl and ine
adequate rovision of basic concepts and this wanifests itself
in a perade of allesged Einetoinisn paradoxes,

Qur nraposel 1s to attemﬁt a thorough revision,
First, we shall examine the zlementery paradox that the mea-
guring rods of one relference frame are both shorter and longer
then those of another, &nd that the cloecks of ona frame run
both slower and faster than those of acothery (for an exposi-
timh, sen Lindsey and Margenan, pp. 236 ff,) Sscondly, we
shall worx out a penaric nation of meacurement thit iz in-
dependent of diffcrences betveen (81ileo and Hinstel-, Thirdly,

wa 3hall show Do tha same generie notion adaits 2ifTarant

tation into the two different spacific views,

- 222 -
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4,1  The Elonontory Paradox,
| Conslder the poir of polnt-instants, B and Q, which

in a frame of 2 roforence, K, hnve the coordinntes, (xl. t,) and
(xa ’ te), and in a frome, X', moving with a relative conetant
velocity, u, have tho coordimtea, (x'y, t',) and (x'a', t's)
Then by tho Loronta«Einotein transformation, writing

B e 1/(1- /o2 )"
ona enplly obtalna the equations

'y~ x'y o (xy=x)H - (4= ty)uH (1)

tly = t'y ®  (by - t))H - (%, = xJull, o2 (2)
It 1n to bo notod that Lf olthor of the squations, (1) snd (2),
can be obtalned thon bLoth ¢an be obtolned. !Horeover, by transe
forming in the oppoolie diroction from X' to X, thore ore two
othor enuntiona, aimilor to (1) snd (2}, to be obtained. |

Now these equotlons admit both a spotlal and a

tonporal application, and to sach application threem interrretations -

AT el n b LS

can be glven,s The apatlal application is to suppose that P and §

are tho almiltoneous end pooitions of a standerd rod of unit length
| in K so thot |
R - % % 1 ()
w ta- t3 = O (4)
ot whonee by squntions (1) and (2) o

x'y~- x'; = H | ()

'y - t'y o« -ul/c? | - (6)
The temporal applicatlon ig to suppose thot P and § are roadings

at succenoive seconds on & ototlonary standard clock' in X oo that

XQ - xl - o | | (7)

by by & 1 ___ | {8
whence by equations (1) and (2) - _

%'y - x'; & = uH L o (9) .




t'y -ty s H (10)
Accordingly, lnnonuch ag standard units of distance and of time
ara oxpoctod to transform invariantly, a problem of Interpretation
arlocs ankl three answers may be given,

A firat Intorprotntion peeng inspired bty the
Fitzporald contraction. Since H 1o grector thnn unity, 1t is
conoluded from equrtions {3) and {5) that the standsrd rod in
E' 18 ohorter thnn tho standord rod in X. Similnrly, 1t is cone
cluded from emmt.ioné (8) and (10} that tho unit of time in K!
la shortor than the unit of timoe in X, Morcover, the opposlte
eonclunions nre ronchied from the enuntiong obtained by trans-
forming from k' to K. Dut quite apart from its paradox, this
Intorpretation hep the defoct of nnylné vory litt o about.
equatlons (4) and (6), (7) and (9).

4 pecond Antorprotation bopins by poting that in
Speelnl Relativity olockn are oynoiwonizod in ench Irame of roference
by asnuming, not that splmultanelty ia ldentleal, but that the
veloclty of iirht 1s tho some conatant :ﬁ: all frames of reference,
Acoordinrly, on this Anterpreiation enuations (5) amd (6) are
taken togethor, and ot once it is aprarent that a dlstance botween
simuliansons posltlions in K has Doen transformed into a dlstonce
betweon positions thnt are not simaitoncous in K'. But even
Cinderolla's fo.t would peem large i one nonourod the distance
between the Lip of lor toe ot cno instant and tho hock of hor hoel
at another; and such 1s the viow in K' of tho standnrd unit of
longth in K. Similarly, equations (9) and % (10) are taoken
togoathor to reveal that, whnat for K 1s o time intorval on the same
stationary clock, for k' is o giffevonce in time bLetween olocks
in differont poslitions. It follows thot the difference in time
given by equntion (10} results not only from tho dlfferonce in

— »
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time cilven by equotion (8) but also from the faet, underlying the
tronsfornatlion equntione, that in evory frame of reference clocks
in difforent poslilons are synchronized by assming the velocity
of 1llrht to be the samo conatrnt in all franes. Indeed, while
onn nny £lnd thilsc n~thod of synchronizatiocn to be strange, while
one may ovon {ind 1t sironge thnt there is any problom of oyne
chronlzatlon, otlll, granted thnt 121tinl oddity, thoro is no
further oddlity broucht to 1Lt by equnticns (3) to (10) or by
the sinllar equatlcns obtalnod whon one trensforme from K' to K.

A ti'ﬂ_lird Intorprotation 1o in terms of Minkowoki spaces
It agnorto that, within the context of Spocinl Relativity, 1t 1s a
blunder to suppose thnot o difference of position 1a a _merel;f
apatial entity or that a difforence of time 1o a mercly tomporal
ontlty. llonce, & standard rod is opatlo-tonporal: it is not merely
a dlstance botween two positlions; it 1o a c‘iistance botvioens a
pooltlion, Xqe 0t o timo, tl, and o positlon, Xy 0t o timo, ta.
Slnllerly, o stondnrd clock is apntio=tenporal: i1t doos not
asoimn neroly tomporal dlfferences; 1t assirns o difference botwesn
a tine, t’l’ at o pooitlon, %y, 804 0 time, tal, at a Iffition, Xye
2 Moreovor, o unlt on any standord rod doetormines smd, and the
pame invorlont opritio=-tomporal interval for all frames of reforonce,

any
nanely, unity; and a unlt on ® standnrd clock dotorninos one and

the some invariont spotlo=temporal Intorval for all fromons of

reforonce, nrnoly, ig. This invariant intorval, g, moy bo obtalned
from tio ®§ enuations ' ‘
B2 e (x, ~ )2~ et =t )% w (x, - xt, ) e 02T, -t )2
2 1 2 1 2 1 2 1
and vill £ina thot substitutlons from equntions (3) cnd (4)
wlll ylcld the sane ropult, unlty, as mx subptltntions from-

aquotions (5) ond (6); simlinrly, cubstiiutions from equations (7)

and (8} will yleld tho same result, ig, ac pubstitutions from

S DA " ‘_;': o
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enntions (9) and {10). Howovoer, while standard rods and clocks |
dozornine the sane simtlo~tonporal intervals for all franeas of
roforonce, stl:l thono invarinnt at;: intorvals divide dlfferontly
intoe umtiai and tomporal components in difforont franes of
yofeoronco, llenco ono mny dictingish betwveon ﬁomml ond shmormal

franes Ly introduelng the dofinitionst

A reforonce frene 1o normnl to nonsursnonts Af dlfferences

of ponition hawe o tonpornl component that is zero and
differences of time hnvo o sprtial component that 10 zero.
A reforonce franc is sbnormnl to nonguroients 1Y
~ diforonces of position have o tomporsl conronont that 1e not
gore ond Aifforconces of tine hnve a spatin) comporwnt that ls
not, zoro.
Oporntionally thie neons thnt reference frames, rods, olocks, n.nd
nesgurable oblecte chould be rolrtively ot rest if one's moasuring
ia not to be complicabed by the ombirndtles of the elomontary
rorndoxn,

Finolly, it ney bo notod that, wvhile the Clrst
intervrototion dlffers from 4he othor two, the socond and third
ars .commtlblo and com;.lemon‘ory. For the secom_! explalns the
dirferonces thnt arlos on tro.nnfor?.ng units of distonce cnd time
by rennyking that, whon the relntive veloclty is not zero, the
tronelormntion é eruations covor over o poculiar tochnicue in
synchronization, vitle the third interrroetation systonntizes the
whole natteor by adverting to -npﬂ,t lo=tenporal Loveorionte and by
noting tint these invariants dlvide differontly into spatial and
tonroral compononts in Aifferent roforonco frames. It reaning,

hovevor, thnt sometlilng be soid on the general notion of neasure=

ment prosupposod Ly the sccond ond third intorpretationse
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bal The Generlc Notion of Measuremant

Empirdeal inguiry has veen eonncolved as & nrocess
from descri?ﬁion va onynleastion, Yo begdin from things as
releted to our soasas, Ve end vith things ag reletad to one
another, Inltial classiiicafrions are bused upom sensible
similaritles, But as corralations, laws, tneorics, systems
sere developed, initdal classificaions andergo & revislon,
Sensible similarity hes ceased fo be sipnificant, and defini-
tions eonsist of technical terms thet have been Invented ss
a consequence of sclentific advance, In thls fashion binlogical
classifications have felt *he imprint of the thaory of avolu-
tion. Chemndegl commaunds ere dafinsd by appealing to chemleal
eloments, Chemical elements are deTinad by thelr relationg to
ons axothor in a periodic table thét hes room for 2l2mants
that, as yst, hsive not been discoversd or syntheslzed, Thae
bvasic notions of puysi~cs ar2 3 mass, thot is ddstinet from
welght, a tenpsrature, that diffees frou the intensity of
the feeline of 2auwt, &nd the electrqimagnetic vector flalds,

o ther priaclipal techinique in eoffecting the
transition from deceription to explanation is measurenent,
Ye move avay from colors as soen, from spuds as heard, from
heat and pressure &5 fe2lt. In tneir place, we deterzine the
numbers nemed measurements, In virtue of this substitution,
we are zble bto turn from th: relations of sensible terms,
which are correlstive to our senses, to the relstisns of num-
bers, which are correlutlve to ons another, Such 3s the funda-

mantal signiflcance and functlon of measurement.

- 228 - ' ..j_j;
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Further, in const-ucting these numerical rsla-
tions of tnings to one asotnesr, there I3 introliced an alrost
necassary simsiification of arraspgesent. If it +0:13 be
thas roticully possible, 1t vould ot ba practicable to ralete
tningy to one anothier Yy statlig separately the f@latinns of
each to all the others, The avocadure thut 1s brth simnler
and moxa systomtic Ls to selact ona type of thing or mapni-
tude, to relate &ll otasrs directly to it, and to¢ leave bo
dedactive inference the relations of the others asong then-
selves, Thus, instead of neting that Tom is 1/1C tgller then
Dick, Dick 1/20 shorter than arry, sad sarry 1,20 i o4
siior ter than Tom, one selécts some arbitrary magnitude as

standard unit end meacures Yom, Disk, nd Harry, not in terms

of on: another, but in terms of feat or contimeters,

A standard unit, then, is & phyolesl mapnitude
anong other similer physical megnitules, Its nosition of
privilepge 1s duc to the systematic simmiiclty of dmvlving

tha rmlatione of each of thess map-itudes to ail the others

vy stating only tine relations of #ll to some ons,

In selecting and deterrmining standard u.lts,
C there 1s a conventionel, arbitrary <lement and, as well, thera

1s & far larpor theoretical elemunt. It 1s & matter of coaven-

tlion that “tiae standard foot ig the length betwesn notehlies on

& bar at & certain temperature in a given place. It is arvi-

trary that the foot happens to hsvé the length it has, neither
h mora nor less, On the other hacd, the remailning azpects of

the standerd undt have thelr basis in presumed or acguired

tirooretical knowledge, Vhat 1s length? Does length vary with

temperature? Does length vary with change of pleace or of time?
- 220 .
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Dons length vary with changes of frames of reference? These
are relevant guestions, Il thelr answers rest on the results
of ennirical sclsuce, thuy ere gsubject to revision wien those
results ere Tevised, IT thelr snswers cuen b2 obtalaed only
by apgealing to the fleld of basic presunrositions and pre-
sumptions, they will b: wmethodelopical and sublect to the
ravig ions of methodiology.,

The fundaswental point to b= grasped here is
& print that alroady has been mede. The absoluto reslies not
on tha level of s:iisible presamtations but in th: field of
ehstract projpo:zitlons an} Invariant exprossionse. 'he constancy
in time of th> length of a standard matel bar caauot be as-
certained by comparlng Its leagth yesterday with 1ts langth
today: the field of ohsecvable: is limibed to thoe present
place and time; tolay's length of the bar can be observed, if
today you are in the rigatbt place; but yesterday's laength has
passad out of the fleld of observabtlss ani tomorrow's has
not vet been ushered in, It remains that the constancy ia
time of the length of the bar is a conclﬁsion based on general
nowledge. One ascertalns, as best ong can, all the manners
in which metal bars caun change In length: onc takes pre-
cautions to prevent the occurrance of any such changes in
the ctandards and, one concludes that, as {er &s one «iows,
no such change has token olace, In other words, the constancy
of tha standard is & eonelasion based upmm the inverlance of
laws, and a revision of the laws will lead to & new leter-
ninatisn of standard requirements.

Thils possible revislon of stendards sets

2230 -
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a8 logical puzzle. llow, ona may ask, can ons reach new laws

sxcept through measurements based on old standards? :ow can
th: nev lavs be correct if the old standsrds are wrong? How
can incorrect laws lead to the corractlon aof old staadards?
Behingd such questiﬂnslthare lies a mistaken presanposition,

Selence does not dadvance by deducing new concluslons {ro- old

premiégé. Deduction is sn operatinsn thit occurs only in the
field of concopts and propositions. But the advance of sclence,
e as we have sei, is a cireuit, from data %o incuiry,from in-
L auiry to insignt, frop Insight to the formulacion of premiags
ii and tie dedaction of their implications, from such form:lation
| to material operations, wiiich yleld fraosh data and, in the
limit, goaerats the aer set of insdshts named a higher view-
point, A hasl- ravislon, thea, Ls 8 leap, At o stroke, 1t 1s
a grasp of ths ineaflflciency both of the old laws and of the
old standards. AU a stroke, it jersrates both the new laws
and the new standards, Finally, by the zase verificatlon, It
establishes that both the new laws «nd the new standards
satisfy the data,

What holds for standards, also holds for
thoir use, It is necessary %n define &s accurately as nosslible
the precics type of nugnitude thiat is to be measurasd. It.is

necessary to define the precise procedure that leads from the
meagurable anapnitude and the standard unit to the Actermina-

tiont of the numbes nemed 8 neasurement, At cach stege In the

davalopment of a science, these dafinitions will be formed in
the light of acquired'or presucad knowledgn, But at svar

subseguent ataxeo, bhare is the possibility of further

0)' R S
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acquisitions and of new presumptions and so of a revision of

tho deflnitions, Such a revizlon Involves, not the deduction
=

of aew conclusions from old pramises, but a leap to fresh
{s
premises,

Guchh tnen, is the gonerlc aotlon of measure-
ment, Clearly, 1t contains within itself the possibility
of successive differentiations thet result from revisions
that occur in the abstract {ield of definitlons, princlples,
and lews, Ve have now to turn onr abtientloan to the rovision
involved in the notlons of spetial andl temporel measuremnents

§ by the Special Theory of kelativity.

4 Le3 Differentiations of the Genorie Hotion of Measurement.

Lot us begln by dlstingiicuing 1) size,
2) length, and 3) measurement.

By size will Do meantv magnitude apart from
any geometrical conceptions, It is &n elemzntary, experlent-

; 1al conjugate, and it 19 to be churacterized in terms of

”Hé{ sinple experlences,
L Thus, spatiel skze may be indicated sufficlent-

1y bty seying thet it varles In two manners, It vuriez in an

external fushion, inaspuch asn the nearer 1t ic, the blgger 1t

looks, Also it varies in an internal fashlon, inasmueh as it

axpands or contracts.

Temporal size similarly varies in two manners,
There is the ezternal variation, named psychological tlame,
vhich rushes by when we are interzsted and lags when ve are

bored, Thers ar> also internal differences bstween the sizas

- 232 - _ |
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of durations; twenty years is a long time, even if one is
nob in Jalls and a second L= a ssort %ime, aven LI onae 1is,

Ey Jdenpgth w11l b2 m:zcatl size as fitted Into
a geometricel onocrmruetiom,

Gapstlal liagth, &b a flrst approxiuetlon, seems
simply to be size in & siagle directlon or dimension, ctiil,
one does have to use some such expression as direction or
dimensioa. This feet recalls, not oaly th analysis of size

into length, breadth, end depth, but also the requi?ement

that length has to be Laken along & strzight line or gegdetice,

Further, the ends of & straiynu line or gueodebtlc &rz dalnts,
but the ends of & aslze ere hardly just nointsy it Jollows

that the size of tie material object mist have baen submitted

LI S T T T S
e i

to some detailed peometrical anclysls, vo that boundaries of
the size stand in come wniigne correspondenes with points on a
straignt lines Finellyy, materisl otjacts may De varying -
ternaliy in size, and thoy way be moving locally; an expanding
or contractlay object hius a serloc of longihs &b e serles of
Ingtants: & wmoving object sucecessively lies betviesn two series
of bounding rordtdons; ite lungth 1s not thae distunce hetwvesn
present and past Doxnding nositlons: and so 1t Jollows that
ths length of an obiset dunends, not oty oa 2 goonatry of
space, but also upor: deterainations of the ingtant and of

simulteneity.

The ength of a duration can be determined only
by adding mechanical to geometrical anelysis, There has to be
discovered some constent veloclity or some regular periodicity.
The spatial size traversed by the velocity has to be con-

ceived in terns o!f luigih sl divided iato squal parts,

. - 233 - .
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Finally, while the length of a single duration may be deter-
mined by comting tra_versed parts or recurring periods;
still there are many Auratioas; they have to bs ralated to
ons axotiar in somez fashion: anl so thare mist be workaed out
some general determination of sim:dtanelty or synchironization,
Tt has been noted that slzes differ in two
mannars; intoeraally, ia virtue of expansions and contractions,
proloagsetions and curtailments: externally, in virtus »f the
relative posltion of our senses and the quality of our sub-
Jective states, Th=2 sbvious advantspe of the notlon of
length is that 1t eliminates merely exterual differences of

size, $t1l1l, one must nat Juxp to tha concluslon that, there-

fore, length will prove invarciant, As has been seen, deter-
minations of lenyth depend npon determinations of simultanelity,
and 1t may be that simultsuneity is not invaerisnt, Again,

daterminations of length depand upon the supvosition of sone

specifdc geometry, end it may happen thet the specific geome-
try, verified in Space and Time, does not regard 1annth as
invariant,

Tharz remains messurement, On Newtonian
supnositions, a m:azursment iz a number that stands to wmity
as tna length of th: maasured magnltude stands to the length
of a standard unit, Thus, to say that a room 1s twenty fesat
long is to say that the length of the room stands to the
length of & foot-rule as the number, twenty, stands to unity;
Again, to say that & process lasts five secondz is to s&y'that
the length of the process stands to the length of a standard

second as the number, five, stands to unity. Finally, lengths
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are 1nvnriont under permimcible transformatlons, snd 60 neapure~
ments volid in ono reference frame are valid in all pormisscible
framos.

Now the trannitlon to the sup. oslilong of Speclsd)
Relativity may be effected very oimply by notling an overslight
in the foreroing ncoount of nensur-mont. Two rodo, AR rmd i
are eomnl in length 11 and only 1f A colncles ."ﬂth B at the pame
tine ap P colngidos with @, In martlcnlar, 1f 4 ocolncldes with B
at one moment and P colneldes with ¢ at another momemt, relative
motion conld ocour during tho intervnl and ao orunlity conld not
bs assorted, 8Simllnrly, tvo clocl:é, R and 3, are gymeironous
1f ond only if readings teken ot tho sane tine agros. In portle
cular, synchronization ocannot be asgorted on the sround gga' that
the W resdings from R at one gorico of momonts agroe with
the readingo from 8 at snother coxies of momonte,

lNorcover, not only le an oxnct deteminatlon of
the meaning of simultonelty an ossentinl cordition in monpuring
sprtinl and tomporal differences tub aloo, £s hod beon seon, it

Unod
cannot ho prosuned that »g%mu\lm 1o Ldentical for all

' spatio-temporel siandpoints. Indoed, olnce aimulianoelty is a

relntion hetween partleuninr events occm»r_an[; at partleular tines
in particular places, 1t nay bo expectod/'\m;-ﬁimﬁﬂhﬂe&%}ftr\-
analogoue tc such notions ns "now" and "thon."

Further, to eocape tho rolativity of simaltaneity,
apposl must Lo node to some absolutes But the abmolute in
measuronont os the aboolute in grace nnd time resides in the
realm of principles ond laws. Tor principlos and lave, because
thoy abstract from porticuleor places ond particular tidnes, connoet
vary with varistions in place and time.

Henco, tho boaole supposition of nosasurement in
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Spoolal Relntivity will coinelde with its basic pomtulate that
tho rﬁathematioal oxprossion of physionl principles and laws ls
irvariont under incrtial transfornatinong. It follows that the
approprinto geonotry into whileh slzes munt be fltied Lo yiolad
lengths will bo Minkowsltd spreoe. Further, 1t follouws thnt the
correct notlon of simultenoliy will be tho notion implieit 1)
thoorotionily in the lorentz-Einptein transformntion snd 2)
operationnlly in tho fact that in all roforchce frames olocks
are synchronized by 1isht elpnelds and the veloeity of licht ls
alunys the pono conotant,

lence, in Speelel Rolativity tho nmoasurenont of
any spotial or tomporel differonce Qotermines a spatio~tomporal
_ﬁ’fn intoival 1) thot ip invoriant for all roforence framnes but
2) that resolves into dlfforent sprtinl nnd temporal componemnts
in different rolntively moving franes.

| Further, a distinetlion nay be drawmn hotween

normal and abnormnl roforence framos. For Af a neasured magnle
tudo 48 puroly spotial, in a nomal frame 1t will have a temporal
sonponont thot 4o zero, but in an abnormal frame it will have a
temporal conponent that is not zero, Simllnrly, Af a ncacursed
nornitude 1o parcely tomporal, in o normal frome 1t will have &
spatial compoen component that is zero, bul in an abnommnl frame
it vill have o spatial component that is not zero. It Lollows
that in actunl nocsuring only normal frames should bo used if one
18 to nvoid “he comploxity of dlscovering the Hemporal component
in a spaticl difforence and the spatlal component in a tomporal
dilforence. |

1% moy be remerked that on the present analyain
thore ncoms to vanish the apparently arbitrary div’ia'i.on of the

anhvaree




(

S i e

e AT R R T B T T T LR

genaiblo partlcenlars ond to dlsmssoclate our accorwt of the

" that teo rendlly hnve been supposed to e inherent in the

* [Continue at page 284: §5, The Concrete IntellisAbility sl
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unlvorse into rods and olocka on the mkx ons hand ond, on the
othor, overything else (%) Fér tho fundrmentol point ip the

(%) See tho autoblograrhy in Albert Tingtein, Philogorher-
gelent.lgt, edited hy P, Ae Sohdlpp, Tho library of Living

Philonopheras. New Yorke 1349 and 1951. 2. 59.

rolativity of nimultanolty, and thet roirtivity enters into
tho vory notion of a detoyminato monsuroment. Hence, vhile
moagurencnte are relntlong beotwesn rols nnd clooks on the one
hand end, on the othor, all pthor apotinl ond tenporsl mapgnle-
tudes, stlll there is no pocaliarity in rods that ig locking

in othor spotial mapnitudes and thore iz no pecullrrity in clooks
thaat is lacking in othor itemporal mngnitndes.

Finnlly, 1t is porhrps unnecoseaxy to note that,
our account of moagurencnt m¥es no attecpt to trect olthor the
notion of neasurczent lupliclt in Goneral Relotlvity or the
problenn thnt arise wvhon the 20tivlty of nesourdng introduces a
coincldental or non=aysiemntle elenent lnto thoe objleots undep
investlrntion. Ilo. doubt, thooe losues conld not Mo omlttoﬁ in
& goneral troatment of the suhlret, nt onr parpose has been to

rainforees tho point thnat aboolnten do not lle in the fleld of
abetraoct intolli1Lility of Bynee and Time I{rom tho paredoxes

8peolnl Theory of Relotlvity,

[Dolote pages 276 « 2833 nlee delete added cheot to yage 27T)
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Se The Concrete Intellisdbility of Gpace and Time

Gpeor anl Time have been defined as ordered
totalities of c~oretae extensinns end of cracrate dursations,

Tleay ars distinet from dmasinary space and

imaginary time, vhich are totalities of merely imagined ex-
tenstons and of merely imapined durations, Mor:zover, tha
existence of this distinctlon rav=als that notions of pace

and Time begin from exverieacosd extensions and experienced

duratinns and emplov reference frames to rsach out and en-
brace the totallty of other concrete extensions and concrate
durations.

Since refereice frames are &n endless
multinlicity, their Intelligihle order cunnot be more than
daserintive, If one vould understand, not ments notinns of
fpace =nd Time, but the Intelllgibllity lmmanent in Cpace
and Time, then one mnst advanecs Srom yeferanee fraves to the
goometrical »rlacizlss and laws vhose expression s invarlant
under transformatlons, doreover, the geometry to be reached
will colneide witil the peometry determined by ohysicists in

sacuring invariant expression for phyelcsl principles and

laws,

Hovever, such a geometry is abstract, It
is abstract, not indead in the sense that 1t is not verified
(for vhat is wanted Lz a geometry verified by physicists),

but in the sense that it eonsists in a set of sbstract pro-
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positions and invariant expressions and that, while applic-
able to concrete extensions and durations, still is apnlied
differently from different spatilo-temporal view-polnts,
Thug, as long as men ramain on the lavel of inverlent ex-
prassions, thay are not considering any concrete extension
and duration: inversely, as soon &s mea conslder concrote
extensions and durations, cach vievs them differsntly. The

endless multipliclty of different spatin-temporal stand-

points and of different frames of reference, so far from being

transc2nded, re-appears with svery return from the absiract
to the concrete,

™here is & perellel point to be made, The
abstract int-21iipitility of Lpace ond Time is coincidant
with the solution of & »roblem in physice, It 13 tha in-
telligibvility, not so much of fpece and Tiwe, as of physical
objects in their spatio-tamporal relations, Kay one not ex-
pect an intelliglbility proper to Epuce &nd proper to Time?

ouch,then, i the gquestion envisaged by
this section on the cmcerete intelliginility of Cpace and
Time, Yhat is vented is an intelligibility grasped in the
totality of concrets exteasions and duratlons and, indeed,
identical for all spatio~temnorsal viewtpoints.

T2 answer is eacily reached, One has

only to shift from the classical type of ilnoulry, *hich has

beann under consideration, to the complementary statistical

type, It has been eargued that a theory of emsrgent nrobabllity

exhibits generdeally the intellipibility immanent in world

process, Lmargant probability £s the successive roalization

- 247 -
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ol the possibilities of concrete situations in accord with
their probatliities, Th2 concrete iIntellijibility of Space
_ is that it groande tha noseiblility of those simultancous
'E multiplicities named situations. Tha concrete intelligibility
- of Time 1s that it grounds ti= possibility of successive

roalizations in accord with probebilities. In other words,

S concrete extensions aad concrete durations are the fleld or

s
e
i
n
X
E:
¥is
G
.

matter or potency in whnich emergent probability 1s the im-

manent form or intelligibility.
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