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On the suppositions of the Speclal Theory of
Relatilvity, some revision 1s necessary., e shall conslder
how it affects 1) lepgths of standard unlts, 2) lengths of
measurable objects, &) measurements, and 4) sizes,

First,\ a lengbth results from fltting a size
into a geometrical comstructlon., On the Special Theory of
Relativity, the relevant geometry is that of Minkowskl space.
The followlng charactepisticas of the lengths of standard units
follow from the propertles of this srace or, what comes to the
same thing, from the Lorentz-Einstein transformatlon.

1. In all idgrbtail inexrtlsl frames of reference
a standard rod determineg a four-dimensional Interval of wagnitude,
unity. Similarly, in all iwerdsdl inertlal frames of reference
a standard clock debermires a four-dimensionael interval of
magnitude, ie, vwhere I 1sf the s+usre root of minus one, and ¢

is the velotity of 1icht in vacuo.
2o A referencggframe 711l be sald to be normal to
a standard rod, when the réd in the frame determines an Interval

with spatinl component of marnibude, unity, and with temporal
compenent of mapgnitude, zerp,

Similerly, alreference frame will be sald to be
normal to a standard clock, When the clock In the f rame determlnes
an Interval with a spatlal c¢bmronent of masnltude, zero, and a
temporal component of mamnitide, unity.

e Reference framds that are not normal to standard
rods or standard clocks are relative motion to normal reference
frames.

Inversely, in reference frames in relative motion
to normal frames, sbandard rods determine the same invariant
Interval bub now posgess spatiall components, H, and temporal :
PANEXEBUPESNE components, - Hu/e¢2 or Hu/e?, according to the
direction of the relatlive motlon. E

Similarly, in reference frames in relative motion |
to normal frames, standard clocks determine the same invarlant ‘
interval, vhich, however, novw podsesses a gpatial component, 1
- Hu or Hu, and a temporal componﬁnt, H. f

Secondly, there aré to be determined the characteristics
of the lengths of other measurable, ohjecta, Clearly, these lengths
will have the same properties as the lenrths of atandard units.

For both sets of lengths are subjedt to the same transformation
e uations.

Accordingly, for evely measurable spastlal object
there is a group of normal referenca frames, relatively at rest,
and in them the object determines an|interval with spatial
component, A, and with temporal compgnent, zero., In other reference
frames in relative motion, the same object will determine an
interval of the same mannltude but with spatiasl gomponsnt, AH,
and vith cemporal component, -~ ARu/e?\ or AHu/c”, according
to the dirsction of the = relat¢ve motiion,

Similarly, for every meisurable temporal object,
there is a group of normel reference frames, relatively at rest
and in them the object determines an interval with sp:tial
component, zero, and with temporal compoient, B. In other
inertial framas in relative motion, the 3ame ohwect will determine
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6£ﬁﬂ9tbf the same inyarlant interval, namely icB, but with a spatial
component, BHu or BHu, and with a temporal component, Bi.

In the third place, measurements are to be con-
sldered, and they offer two distinct asvects,.
For, in so far as measurements are numbsra to
be substituted\into squations or to be derived fram by solving
equations, they\ ars identical with lengths. This follows from
the nature of the coordirate system which, in the present case,
deals only with \peasured lengths., Accordingly, all that has
been said about Aencths may now be repeated about measurements.
A spatial mapnitufle will determine an invariant interval, A,
with componenis, , = AHu/¢2], and a temporal marnltude will
determine an inv-ry-nt interval, icB, w.th comronents, [BH, ~ BHul.
In normal reference\ frames, H becomes unity, and u becomes zero,
g0 that the components are [A, 0] and [0, B] respectively.
Finally, in tronsforpations to the left, the sirm of u changes.
Howevdr, there is a further aspect to m asurements.
The numbers suhstituted into equsticons have Lo be derived from
data, and .he numbers\derived im from equations have to be
verified in data. Thug, there arises the question whet:er
measuring, / Svecial Relativity modifies the concrete opera.ion of /nesaupese i
The reneypal answer wo:ld seem to be that 1t does
not. A measurement remains the number that stands fto unlty
a8 the measurable object\stands to a standard unit. However,
within the frame-work of \thet peneral answer 1t will be well
to adverc to part.cular crses.
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eferonce—fyards. Inofrel words, neithee-the ngastrahlke bbjegt
or the stindard up<t 1s moyddr relativoly to-the fpafie. Jorogver,
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Ordinarily, sipultaneity 1s determined in the
same manner in selecting the point-insiants at the ends of
the standard unit and in selecking those at the ends of the
measurable object., It will follow that sratial measurements
ordl.arily occur with the standard unit and the measurable
object in the same reference frawme and, since A : 1 :: AH : K,
o the re-ult of measuring will be the number, A,
™ Still, thig is not\ inevitable, Furtirer, 1t may
be f@r fairly common to use a clodk, stationary in a reference
frame, to time a process tirat berihs at one place in vhe frame
¥ and ends at another, Hence, besidds the measurements that
result when the object and the stangard are tzken in the same
frame, namely, A/l, AH/H, B/1, BH/H) there are the measurements
that result when they are In differet frames. If one of these
frames is normal, the results will be AH/1, A/H, BH/1l, B/H;
: 1f neither frame is normel, one must §istingu_sh two values
Jue  of H, say H' and H", so that the results may be AH!'/H", AH"/H',

C A BH!/H", BH"/H'. 1In other words, the akbtzual vrocess of measuring
‘ J,, can involve the sameofeddmedes as are contained in the elementary
y paradox and, indeed, even more elaboraigsfeidetises.
\,) A Accordingly, we are bro:ught to .he conclusion

that, while Special Relativity dermands g

that fundamentally is similar to measuring under Newtonlan

assumpbions, still it adds new rules that ‘pither eliminate or
some/ correct/results which, on Wewtonian assumpdions, would be valid.

operation of measurlng
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\ In the fonrth place, there are the sizes of
sratial ‘and of temporal marmiltudes. Do rods contract or expand?
Do clocks run slow or fast?, Our answer will be negntive, and
our reasons run as follows,

\ Pirst, it 1s difficult to suppose that rods and
clocks should undergo such variation without a proportionate
variation ogeurring in the objects that they measuwre; and 1f
the proportipnate variation oceurs, then no explanatlon 1s
provided fogﬁthe relatlivity of lengths to roference frames.

\ Secondly, even if rods 2nd clocks wvsried while
other sizes do\not vary, the recuired exrlanation would not
be forthcoming.\ For rods and clocks and other sizes determine
intervals thet dre invariant for e¢ll inertial reference frames.
Moreover, these Yntervals exhibit temporal components for rods
and other sratial magnitudes; and they exhiblt km s-atial
comronents for clycks and obher temporal ma:nitudes. How does
a contraciing rod \venerste a tewmporal component? How does a
decelerated clock fencrace a spatial componeni?

Th.rdly, the evidence for contracting rods and
decelerated clocks lies in the elementary paracox. Now we have
no doubt hat, on uhb suprosiltions of Srecial Relativity, it
would be possible to \remch such measuvements as A/, AH/1, B/H,
BE/1, which are the lynpgthened and shortened rods and the fascer
and slover clocks. Bug the obvious explenation lies, not in any
variation of the sires\of rods or clocks, but in the relativity
of lengths and in the uge of a standard unit in one reference
frame to wmeasure an objdct in another, sirn.ficently different
frame.

Fourthly, \tze-e 1s no aspect of the Special
Theory of Relatlviby that\is not accounted for by distingulshing
between size and lenpgth, Wiere length is constructed in sccord
with the geometry of Minlkoyskl space, There follow immedlctely
voth the invariant intervall and the relatlvity of srotial and
Lemporal components to refedence frames. Moreover, this
construction of length Pxsnpy oresupnoses, not a variation in
slize, bub a relativity of simpltaneity., It wasfram from
a relative solubion to the prgblem of synchronization that
Special Relativity was evolvedy and whemever such a solution
is sdopted, Special Relatlvity'will follow even thoush no
variation In size ls adnitted.

This point is worih illustrating, OSuppose
two planes flying in the same direction with the same constant
velocity, so that the dlstance befveen them is constant,

Let that distance be regarded as the standsrd unit, and suprosse

two observers, K and XK', that deteryine simultaneity differently.
Now consicder the instant at which the first plane is et a point, P,
® Let us say that for X the second phmne at the seme instant

is at some point, R, Then for K', singce he determines simultanelty
differently, the second plane must be At some nearer or further
po.nt, 8, at the instant when the first\plane 1s at P. &
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Accordingly, \though there is only one size, though this size 1s
constant, thoyrh both observers agree that there 1s only one size
and thav it is\ constant, none the less In virtue of different
determinati ns\of simuitaneity there are two lenciths, PR and PS,
and they are undqual with an ineguality In some proporticn to
the relative velpcitles of the nlanes and the divergence befween
the two determinagions of simultaneirty.

¥hile this illustratlon 1s, T belleve, toc the
point, still 1t is\only an illustration. One cannot take a
relotivity ¢f simultaneity as postulate and from it deduce the
Special Theory of RAlativity. On the contrary, a relativity of
simultacveity merely gets a problem; confronted with that problem,
one adverts to the inyariance of :rinciples snd lows; and 1t 1s
by postulating the indariance of prirciples snd laws under
Inertial transformatioks that one reaches the basle premise
from which Speclal Rela¢lvity follows.

4.4 Summary.

The aim has\been to work out a general theory
of measurement ani there by\clarify the notions of measurable
objiect, standard unit, measuying, and measurement pecullar to
Speciai Relativity,

Measurement wa
the scientist moves from the
our genses to the explanation

seen to be the vechnique by which
serirtion of things as relabted to
thingzs as related to one another,

Standard units vdre conceived as measurable objecta
that Intringically stand on the ®ame footing as other measurabls
objects but conventionally are giwven a unique status to simplify
and systematize the formmlation of the relations of things to
one enother,

The definitions of mMessurable objects of varilous
kinds, the scandardization of thelr\respective units, the rules
of measuring, and the nature of meadurement were seen to depend
on abstract presumctlons and laws and, therefore, %o bs subject
to revision along with revisions of the presumpbions and the laws.

This generic notion of \neasurement was then applied
fo measurements of sratial and temporal. ma~n.budes.

A vasic d.stinction was
con jucate, slze, and the pure conjurate, length. The former 1s
correlative Lo our exprerience. The lattdr is implicit in a
peometrical structure of definitions, postulates, and Inferences.

The transitioen from Nevwtonipn to Eins.einian
physics 1s a bransition from length, as impliocit In FBuelidean
geometry, to length, as Impliclt in Minkowskl space. It drops
invariant spatial and temporal lengths. It Y{ntroduces irvariant
four~dimensional incervals with varxable speBial and vemporal
components. hile it grants no special sirnificance to refsrence
frames 2% »sk rest, still it does 1mply a position of priviiege
for normal reference frames, in which spatlal mpenitudes thx
have a zero temporal component and temporal marpltudes have a
zero spatial component. Thus, an Interval, A, which is a real
number, has the components [AH, - AHun/c2] which become [4, 0]
in a normal reference frame; and an interval, icB,\ which 18 an
imeginady number, has the comvonents [ - BHu, BH],\which becomne
{0, B] in a normal reference frams, It is to be noted that the
distinctlon between the spatial and the temporal 1s ¥s sharp es
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the distinctj;>ﬁtmtween real and Imapinsry nwmbers, that the

lengths of standard units are but rarvicular cases of the lengths

of other measurable objects, that the transformation properties

of unit and/other\lensths are the same, thet in a Muinkowskl

manifold lengths ake already measured so that measurements

are coincldent with\ lenpgths, that in the operatlon of measuiking

tnere arise mmn in Speclal Relativity ambivuitles that do not

exist and =0 do not Rave to be solved on Newbonian suppositiona.
Howevey, while Speclal Relatlvity involves a

revision of the notlons of lenrths and of measurements and

while it inbrocuces a new caution in the operatlon of measuring,

1t does not imply the eXpansicn or contractlon of rods or the

acceleration or deceleration of clocks, In other words, the

unit divisions of the axeég in the coordinate systems are

constituted, not by the size, but by the length of standard

distances and standard durjtions. Such lenrths are relative

to reXorence frames, but Jh\is relativity of length arises,

not from change of slze, but\ from the dexaemdemza inter-dependence

of detorminetlons of Xamght length and of simultaneity., Vhat

corresponds to change of slze\ls, not & mere transformation of

reference frames, but a vakiation in the Intervals, A or icB,

A variation in some of these iltervals cor-esponds ©o a variation

in some measurable objects; a pginortionate variation in 2l

of these invervals suggests that\.he scandardization of units
needs to be corrected and revised,

Micht I suaopest thab, on this showing, there vanishes
the arbltrary division of the worl§ of physics into rods and clocks
and, on the other hand, all other opiects? Such arbitrariness
ls noted and regretted by Prof. Einduein in his Aubtoblograrhy
[Albert Einste in, Philosopher-Scientdst, ed, P.A.Schlipp, The
Library of Idvinp Philosophers, New Ybrk 1949 and 1951, p. §9].
It would seen ﬁo vanish inasmuch as pliysics.is set the problem
of \accounting fgg sxperienced axtensions and durations by .

[ inviriantly ex;re¢ssed abstract yelatione In the same mannd( a8
i 1t agcounts for egperienced cclors and Acunds‘pnd experienced
fphenomena of heat \and electric: t*wanﬂ ingsmuch\as this problgm /
' is met\by formulating hypotheses apd by verifyihg them in /
| the date of exneriehhe, inasmuch af notions of mdgsurement ]
tand rules of measuring form part of\the hyyotheslskm to be
verified n ... e
Tt would seen bu vanish 1) inasmuch as phvs cs is set the tqsk
of assigning invariantly expressed abstract XRelations to account
not only for experienced colors and sounds huf egually for
exrorienced extensions and durations, 2) inasmyeh as these
relations are reached by formulating and veriffying hyrotneses,
3) Inasmuch as notions of lensth and measurement\ and the standardi-
zation of tnlts form internal parts of the hypotlpsis to be
verified, Pmd 4) inasmuch as the hypothesis assigis the same
properties to lengths of standard un.ts ags to lenrsths of other
measurable objiects, and 5) inasmuch as frames of re{erence have
theilr units constltuted not by the sizes of rods a clocks,
but br their theoratice ﬁly d6fined lensths.
Finally, it would seem that the foreso\ng sccount
of rods and clocks In Special Relativity mlshi easily ke adapued
to the recuiremencs of General Relativity., In Gene:al Xelativity
trnere remaing the invariant four-dimensional interval; Hihiere

the covariance of these components in different reference
The basic differences are that the components now are cury
and that specifications of coordin-tes are not virtnual meas

of distance ox duration.
(}l the HL'( h .
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The nzanlpg of the questlierd should be clarified
o ’ . o
further. I have definzd "size" as an’experi=ntial conjdiate

that varles both”Perspectivally_aﬁd from an lnner chbnge of

the oblect. Th=pz is no doupt abont the prrspeetival relatlvity

of size ard, as has'beqyzéoncluded; thare ;E/ho meaning to the

stetement that an obfect, as comzpursd

is larger or smﬁizgr.

with absolute snpace,
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The
hno born dnflned ap Ay oxrorientlal conjucoie thet varles
beth {rom inner chroge Yn the obleet ard f{rom chrnre of
popitlon of the obmoarvers\ In the Lozt I 4o oot momn to deny
prspactivel yoriatlon of oX\ze. Jiniicrly, I 4o not acan
althor L0 2ffim gg ar to doxy vant I resmrd ap acanlngloss,
namely, thab ihere ls or is not\an lnnor chosnge of the object
as roferved t0 gome ahpoluto specge The nusation is whelhey
an acce tanco of speclal relativiid locienlly entalls any
chanro in rods or clooks, and oy anwder le thnbt no such chnnce
oon be dednced., "Ienctha® oy breaund reierence framos
varyy and reforome Irones vory bootuso joles of dewmining

slmxi tanclly Tary.
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