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Space and Time, ‘as described, hawe BJEH a meterial
and a formal aapect, Materially, they are fotalitles of concrete
e ianh;ppé'gng durationg. - Formally, ¥acy are such totalitiss
ordered, for wirggntx ¥ opden:eiffer the concreteness or
the totality vanishés. But ﬂﬂe”e are ag many 3nshdn¢% ways of
Lfa0rdering ¢ crete extensions and Adurations as thare_are possible
references’ Framea ; gnd there are as many distinet, possible
reference frames, s theTe dre’weoxst poncrete positions,
directlpys, and instants thqt nay he token as the origin and
0rlentation of the-frameg,) -
Hence it 1slthat mﬁile*Space and Time considered
~ rmeterlally are single identities, for there are only single sets
€ ~r~Af, concrete extgnsions and durat ions to be ordered, none the less
Space and TimMertomsiderdd formelly afe potontially infinlite groups,

for there an Infinity of possf & réference frahggbﬁpﬂ ordering
thetn, ), 4., qw¢4 i

] Howéver, principls of indenendenco, the
explanatory correlati ns nn ystéﬁfoféépace and Time will be
ingdhendent of, reference frames. For the multipliclty of reference
frames aEises From. the mgltinlbclty Eﬁypqrticular positions,

# oy, directicns, and 1 atants*fhdtﬁway be.faken as origin and |
“offlentebigh of the frames; and such particular positlons, directions,
s J ,ﬁng 1ns¢a ts muse Be . LQxrFelative to humen exveriences, othorwise
kﬁ o o rofergnce frame woull fot be the order of concrete extensions
" fop Eondrete durations, Since then the explanatory correlation
or sysbem is_indepandent of hg$;n experiences, the explanatory
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5 correlation' of system=-of lSpao nd{qr Time will be independent
y) o reference frames. %
et Larlyy. by the derived principlaﬂﬁ Invar lance,
the e ression of lthe correlations or system of Spacs and/or
Time will be ingependent of referbnté frames.
3, w by thJ@ (eneral property of invarlance it
§g€ie\ define & Series Of, sedwdeod ssometries, This
we prodded to do, and wf Begin by‘weteMdng the more general
nathemdtical notlons thdt are nesdadk to molkke use of the property
of’ 1nvar1ance.
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Gpn51der any mathemat iqal gxpression involving
»8 number of v‘iaria\)les ’ say,uthe funefipn,
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e LRy, :fj. xk,-..) = 0 (1)

‘Hn_ﬁ ich, there arinblos. GBanéér further, any n
eqwations %hat*%el Eb\¢hegp var;?bles, X, to other variables, xt,

y, . ) oy »
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. = (XTs, KT o0ed 2

e Juuc}\ A TJ * (x is % J’ J (2)
and 50 on to n aqﬁhﬁ&one. afow emﬁyog qge equations as substitu-

tio s to eliminate the veriables, %, f \ the furetion (1) and

AQhtain the fun%tion,
S JE

£(x1y, x ‘i"‘":v*)\k’.“) * - { —l ‘m‘l’.\kﬁ (3)

.
in which thureiJ;é n different varjqbles. Finally, let it be
posgible to 801va tWs set of e ions (2) and so obfain the
Inverse set thal m Egkes posﬁibi& %EB substitutions in (3} that
will restqre the tial function (1)«
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2.5 The 'Ndthing of Covarlence,

N
o ‘k‘) W, 2 - *u"-...). 4 ) H =
A Y } I,P_hyhfosgand natyral Eeomeltmri differ f‘f@n other

are/

explanaitory sciences. | "”wg s s e
Conslder the two expressions: Twice two is four;
John 1s here now. The first has the same meaning when ubtered
in any place or at any times ) The second hag asg many diffsrent
meanings as there/places {r WHIGH" it-1s uky red [and t iges ab
which it 1s uttered. | il
4+ By vhe principle of indepondence explanatory
relati~ng #nd thefr dxpressionido nat, vary with chenges of place
and time, where place and time are wunderstdsdd o cretely as
relative to human exveriences. Hence the first mxx statement
is an explanatory relation and the second is not,
«8 . Now obher scienceg have no difficulty whetever
in securinz the propdp.i dependpnce for. the.y “Xplagatory statements,
There 1s no’question of frensforming’Ahs multiplicgtion tabls,
the binomial theorem, the formulse for chemical compounds, or the
principles of the theory of evolution. "Twice two is four
cannot vary from change of plack or time becayse it makes no
allusion to either place or timg, = he~ T e
But in physics and natural pgeometry, thingsx are
not so simple. Thelr principles and laws have to be aprlicable
to any concrete extension or duration within their domain.
And any concrete exteonsion means. any part of Space, os any
concrete duration meons sny part of Time., Only by introducing
reference frumes can we refer to the totality of concrete
sxtensions or to the tobality of concrete durations; for without
the introduction of some order or structure either the concreteoness
or else Lhe totaliby vanlshes, and then we are left eitle r with
a merely Imaginary totality or else with the limited extensiom
and duratlons actually exverienced, But any order or structure
or reference frame has ita origin and orientation in some particular
position, direction, and instant; all the srecifications of the
reference frame are relative to the origin and orientation; the
origin and orisntation are relsative to some concrete position,
direction, instant; BantDires O 7
beicaRersrs  and we cannot desipgnate a concreve position, direction,
or instant without apples aprealing to our concrete eXperiem e,
In brief, to designate "any coneréte extensim"
or "any concrete duration" there are needed both = reference
frame and concrete human exmnerience of some 3omZ® concrete extension
or some concrete duratlion, And then 1) hhe desipnated concrete
extension, 2) the designated concrete duration, 3) the reference
frame, and 4) the exzperisnced extension or duration, all are
related; a change In any one involves chenges in some other;
some of the related terms refer directly to human exrerience
end some do not. It follows that explanatory relations and
systems must be independent of verilations in any of the four
just listed, for all four fall under the definition of descriptive
element s,
This brings us to the meaning of covariance.
When principles or laws in physics or geometry are expressed
in covarlent form, automntically they possess invariance under
a group of transformations, Cavariance secures for the mathematical
expresslion of geometrical or physicsl laws 1) the independence
that is due to them as explanatory correlations, 2} the independence
automatlcally enjoyed by the laws of mathemat icxXs, chemistry,
biology, 3) the independence they ot“erwise do not enjoy because
of thelr close connection with Space and Time.
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