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°)-t• •-nn	tiv•	 ..._,„,_..g. .)	 — a. t----- ffigvie	 I	 J:44,,, ,..-.1"1p	 T.„,..„.......	 .	 i , 04Space and Time, 'as described, haus-rt.t1, a material
-land a formal aspect. Materially, they are totalities of concrete

---' ertentiopp,Ad duratj.ons... % Formally, trhey are such totalities
tits ordera, for vfitliblit	 opceir.;:eiti4er the cgricreteless or
the totality vanish4s. But tihere are as many disizirueti ways of

--',......'..iOrdering concrete extensions and durations as there_,..are possible
ra-ice' renc -ox'rrarftels; and there are as man distinct, possible

 framesi, as tere*-- Aivieeremsiponcrete positions,
directip3s.,. and instants that may be taken as the origin and
or lent at ion' cif the,fiam.e.	 -.. A

Hence it is I.that,L wYiile 2Space and Time considered
materially are single identities, for there are only single sets

c- --4,4f,,,gsnat,ete extInsions and durations to be ordered, none the less
Space anti TinleA4onsiiiersid .,formaAly a b potentially infinite groups,
for there an infinity of pose316 rb erence fraineAfp•A ordering
theft.	 •.. ..,_,”...1.i-LF	 I	 . ,

)	 ..	 0‘.441,1
However.	 t principle of indenendenco, the

exp4natory correlati'ms ana ystifir of Apace and Time will be
latien ;it off reference fra es. For the multiplicity of reference
frames a iset- frompth9,441tiplitity o particular positions,

a '.9 ,,..edirectio s and instants' -£1).'atlity be,,,traken as origin and( 

oriontati	 of the frames; and. such particular positions, directions,
-"v 41114,41Spa is /111.14 a n e .‘ci:Oef.a.t ive to human experiences, otherwise

	

31 .-..1	 "`t),-ie r-eler nce exate. woUirti not be the order of concrete extensions
kii'donthie e durations. Since then the explanatory correlation
or s,,y.e.tle.,,m is ind.epandent of. h nan experiences, the explanatory

• f reference frames.	 t	 '
sys'eem4f (correlation\orV7	 S.F'.)	 ndiier Time will be independent

,/...
,	 ,p. 

1	 ----%,	 ..---N- ,...air43,ariv.... by the derived princ ipl e.„61 Inver iance ,
o	 ')	 .,)) klk	 lk

1. 	1..1...	 i

the etxpression of the ctrrelatio s or „system. of Space and/or
‘ Time will be 1 apendent of refer 164'frames.

‘') 	 Zsw, by th.i,is general property of invariance it
is\ps ljle\i tte define a.?1:rie s of., !geedgeometries. This

	

we pro od to'	 anddo, nd w 1 Begin byLvebte3deing the more general
mathematical noteforls th, t are neededt to make use of the property
of invariance,.,,,

\ ,,, ., Consider` any mathematic\al expression involving
..,, a number of V'efiiable5, stty,t./the fune,VOn 1

J
\ -di- 	' FS2i	 ...x i 	xi.. . . .) =	 0

	

, J.) -i , ,o t va.!	 (1)
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i'
lin A111..ckthere Are n variables. d'onqA1.4to further, any n
equatias'thatAlelriVio$het:cvarigbles, x, to other variables, x 1 v
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..,	 ,......	 x,	 =	 x4(tx i , ,c 1

—,1;
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and so on toori atrAtiorrs. ,„jloyr.. empOioy tketse equations as substitu-
tiokis to eliminate the variables, X,'fAtm‘ the ft.FTtion (1) and
sa„Alitain t heAflun. t ion,

1 -:-.. v	 1 .4:,	 ....1-:.......-. %)n 	 .1,-	 , 	
0
	 Af(z! 1.0 x' .0 xl k ,",) 41 u y,-..	 -ZiApia ,l'i	 (3)

• \	 .
in which there-la' e n'. different variables. Finally, let it be
possible to solve- the Set of e, tl1/4 . ions (2) and so obtain the
inverse set thd ,nfi..kes posabl taVe substitutions in (3) that
will restore ,the initial function (1).
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Consider the two expressions: lwice two is four;
John is here now. The first has the same meaning when uttered
in any place or at any time .: )Thesecond hal as many different

are/ meanings as there/places fn'wEi'd*'it-Is utt4redbandt ties at
which it is uttered.

By the yrinciple of independence explanatory
relations 2.14 theri'4X0espipn-cdo note vary Ivithrchf,,nges of place
and time, where place and tie are underftc6d cthicretely as
relative to human experiences. Hence the first lax statement
is an explanatory relation and the second is not.

, Now other sciences have no difficult
in securing the propdpUildepangpice for t the4 4xpl
There is not question of transforminerthli'lnoltiblio

2.5 The Meaniag of Covariance.
\-)
\1phyilies r and	 vomstrI differ	 other
explanatory tclOnces. )

the binomial theorem, the formulae for chemical compounds, or the
principles of the theory of evolution. "Twice two is four"
cannot vary from change of placie or time because it makes no
allusion to either place or time";

But in physics and natural geometry, ttinF;sx are
not so simple. Their principles and lays have to be applicable
to any concrete extension or duration within their domain.
And any concrete extension rh,, ans.any part of Space, as any
concrete duration means any part of Time. Only by introducing
reference frames can we refer to the totality of concrete
extensions or to the totality of concrete durations; for without
the introduction of some order or structure either the concreteness
or else the totality vanishes, and then we are left eitler with
a merely imaginary totality or else with the limited extensions
and durations actually experienced. But any order or structure
or reference frame has its oriwin and orientation in some particular
position, direction, and instant; all the specifications of the
reference frame are relative to the origin and orientation; the
origin and orientation are relative to some concrete position,
direction, instant;	 2	 • • i:G:.

beACiammeate and we cannot designate a concreGe position, direction,
or instant without appiem appealing to our concrete experienc e.

In brief, to designate "any concrete extensiaa"
or "any concrete duration" there are needed both a reference
frame and concrete human experience of some soars concrete extension
or some concrete duration. And then 1) hhe designated concrete
extension, 2) the designated concrete duration, 3) the reference
frame, and 4) the experienced extension or duration, all are
related; a change in any one involves changes in some other;
some of the related terms refer directly to human exrerience
and some do not. It follows that explanatory relations and
systems must be independent of variations in any of the four
just listed, for all four fall under the definition of descriptive
elements.

This brings us to the meaning of covariance.
When principles or laws in physics or geometry are expressed
in covariant form, automatically they possess invariance under
a group of transformations. Covariance secures for the mathematical
expression of geometrical or physical laws 1) the indppendence
that is due to them as explanatory correlations, 2) the independence
automatically enjoyed by the laws of mathematicxls, chemistry,
biology, 3) the independence they otl -lerwise do not enjoy because
of their close connection with Space and Time.
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