Thiv i3 the second of & zerios of |

But then you will be golng outside

three wrbicles “Einstein wnd Merz” | the train itself in your observations, |

The first article, which eppeared lest
week, dewll  with  “Hew Einstein
Mode' the First Poage’ The third
wrtiole, which will nuppewr nexd week,
witl be entitled: “Kelutivity, Modern
Metenes wnd Dialcetie Muteriafism”

No connected esplenation however
brief, of the outstanding Einsteinian
conceptions of space, time, mass, ener-
gy, gravitation, field and the struct-
wre of the universe, can be expécked
“in this acticle. Merely to formulutce
these conceptions in an intelligible
manner would require many times the
space of these paragraphs, and would
demand technical and mathematical
treatment altogether oit of question
in an acticle of this character. - All
that will Be attempted here is to give
8 general survey of the leading ideas
of the theory of relativity with the!
double purpose of indicating the pro-
found significance of Einstein’y con-|
tributions te physical science and of!
making posgible seme sort of indes
pordent examination of the relations
botween rolativity, modern  science
and dialectic :n*a!;‘crjalisrn.

The Foundations of the Theory !

Contrary to the general impression |
the theory of relativity does not’
emergs from any -sort of mystieal
couteniplation of geneval
tiona. It arises as a chuin of logical,
deductions  from two very conerots,
and  empivically  verificd  physical |
fncts, .

The first of these prineiples can bo
oaplained o very sitiple terms, Let

. seconds after midnight on Monday.

abstrac- speeil.

And even if you do look vut you have |
no way of telling definitely whether it!
is the train that is moving and the-
station that iy standing still or viee:
versa. Indeed; as far as all natural:
laws are goncerned, it mokes no dif-]
forence whatever which you consider !
to be go: ull that is important 1s that
there {s a reltlive motion hetween they
train and the station, Now the train
‘and the station are each what [s called .
a “system of reference” This means
that eich may be used to fix the po-:
gitivn of a certain objeet and the tine
of 5 certain event. lor instance, we'
may say thut a eertnin object is 2}
feet from the floor of the train, 10
Teet from its front end and 5 feet !
from itg left wall. Also we may say
that u certain event happens so many

Of course the same object may he fix- |
wd with yeference to the station: so!
many feet from the floor, s0 many!
from the north wall, so many from the|
cast wall.  And likewise for fixing
the time of an event,
these Ideas in condensed form we may
formulate the "principle of relativi-
ty" ag follows: that from measure-

"ment on 2 systemy of reference itself

it cannoct be determined whether the
systemn is at rest of whether it is maov-|
lng in «d straight line at' uniform:
This is equivalent to saying:
that as far as physieal phenomena’
are concerted it makes no differencef
in fact, whether the system of ref-}
erence Iy at rest or i in uniform;
straight-line motion.

The second of the two principles is

Us assume w raiicoad trgin moving ! the “lpl'lnciplr; of the constancy of the
soothly ut o« constant rate along | velocity of light”: that the velveity
straipght vails, Then the “principle of i of light {in a wacuum) is constant

reJativity” declaves thub: ne physical,
experiment or observalion made on;
the train slone ean tell vou If the!
train s stundiog  stifl or {8 moe-
ing.  Of course, you can sobtle fhis
yuestion by looking oul-of the win-:
dow and secing the stabion flash Ly,

(1% For. o siomle ot velunlle ex-
position of the thoory of rvelativity
the following two books ave recom-
metded : fostein's Theeries of Relu-
civety und Cruvitetion, A Seleelion of
Materinl fromt the Essuys Submitied
in the Compelilion for the Bugene
Higgme Prize of 35,000, Now Yorf,
Sctendifio American Publishing Co.,
1922 ond The Ideas of Einslein's

Theory, by J. H. Thirring., New York,
Robert M. McBride & Compoeny,
1922.

lempirieal

{eiqual  to about  LBGOO0 niles o
second) no matier what is the state|
uf mwetion of ity sourie or of the ob-)
setvers. Neither of these two prinei-|
Ples s parbicularly new oy at oatll
parucoxical; each iz g . well-hknown
fael. What' Eiustein  did |
wag to draw (by means of mathe-!
maties} the divect logieal consequen-
ces of these two principles talken to-|
poether.  And these logical consequen- |
ced have been so far-veaching that;
they have profeundly affeeted the!
thesretical and philesophical founda- :
tions of science, . .
. The - methodolegicsl approsch of |
Einstein is very important, With the!
preatest thoroness Eiustein insists:
on the idex as fundamental that
“what cannot essentially be observed:

cannot be said to exist” To Einstein,|perience is thercfore relative motion

cany of these entities
.snuivalenk fo an explanation of how

Expresging ralong” and that events are “in time”

|a refebion botween cvents,

. e

What the The

Yapuee”, "Mtime”, “motion”, ete. have
significance only in so0 fur as they

“ean be medsured (1 oo as they appear,

in human practice). The definition of
iz essentially

it is measured. This is a fundamental
feature of Einstein's method.
L. L

“Absolute” Time and Space

The rejection ef the conceptivns of
Fabgolute space’” and “abszolute time”
are quite basic in Hinstein's system.
These conceptions scetn” gquile “mat-
ural” to us; they are “common sense”.
We all believe that time just “flows

just as water is in a vessel. In the
same way we all believe that spuace
just “cxtends” quite independently
of whether there are ebjects *in it
or not. Isuac Newton, who laid the
foundation of classical mechanies and
of modern science in general, formu-
lated these {deas in precise form:

“Absélute : . . time, of itself, and |

from its éwr naturé, flows equa-|
bly without regpard to anything:
axternal .. LY o '
S Absolute space, in ity 'own na-?
ture, without regacrd to'uny thing
externil remalns similar and im-
movalle.®

T

Now Einstein positively rojeets the
vory idea of thege “absolutes”. True
to his fundamental belief that “what
cunnot - essentially be observed .can-
iot be said to exist”, he insists that
space s Urelative”——a eelelion le-
tween objects; thal time is relative—
Without
abijeets  and  withoul eeends  there
would e neftlior time nor spoce,

Exactly the suma applivs to "ab-
golute ‘motion”.  In human practise
anc therefore in human conception,

motion iz always moetion in relakion o |

someathing we arbitrarily consider at
rost. But ag far as all physical facts
are concerndd, that “something®™ may
he econsidered in motion and the first
chjeet st rest. What is given in ex-

Einstein and Marx
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between objects—“ahsolute motion’ is
a fiction entirely outside of human
experience, )
x % K
Some Conclusions i

These general considerations lead
to the heurt of ihe paradoxieal .con-
clusions of the theory of rtelativity.
It is easily demwonstrable that if two
systems of reference (A and B} are
in relgtive straight-ling midtion {e.g.,
a train moving along struight tracks
at constant” speed and the siation
platform} then the following strange
things occur:

{1} Objects on System B appeor
to A to bi shorter in the direction
of motion than they appear to B,

{2) This fact is reciprocal.

Cupon where the observer is; or agalin,

Ob-;

| question to give Dere all of the con
Celuslens Einsteln refiches in this di-

- Albert Einstain

jeots in Swstem A appear to B to be
shorter than they appear to A. -
{4} Events on System B appear
faster to ‘A than do to B. This also
is reciprocal.
(4) Events which are simultaneous
on one systefn are not so'on the other.
Since neither system can be con-
sidered “absclutely"” at rest and the

other in motion, the observetions of
both A and B are equatly wvulid,
Therefore spuce-intervals znd time-
intervals are not scmething absolute
and independent of everything else;
they are dependent upon and relative
ty the relative motion between the
gpace-interval (or time-interval} and
the observer.. Thiz may seem to be
very.strange at first sight but there
are many ordinary things which are
relative to .the econdition of the ob-
server., For example, whether a cer-
tain city -is East or West depends

the angle at which “we see an object
(perspective) depends upon the posi-
tion of the observer. Einstein proves
that the space and time-intorval
‘between two events depends upon
relative unien, o ’
£ %K .

- A Space-Time World
"The conclusions reached by Einstein
for - uniform relative motion (the

‘1 a fundumental relation between the

"“Bpeeial Thedry of Relativity™} he:
later generalizes for all soris of mo-
tion {the “General Theory of lielativ-:
). It is .quite out of the:

reelion but cortain of the most ith-
portant fealures may be moentioned.

According to the old (Newtonian)
physics, space and tinfe are absolute- |
Iy distingt. The distanee between two |
peints (space-interval}, in Newlonian |
mechanics, vemains the same no mat- |
tor what systom of reference i used;
it is dwwerient. The same is held to
he true of the time between two
evetls (Ume-interval), But Tiustein
shows that -actoally this iy not se,
Both space-intervals and time-ioter-
valy change according to the felative
motions of the systems of reference!
whut remaios invaviant i s certuin
relation bebween space and time, Ein-
-stein has confirmed the b¥illlant vi-
gion of the German mathematician,
Minkowski, who declared in 1908:

“From this day forth, space tal-
en by itself and time by itself ave

tg become mere shadows and only
a kind of union of hoth is to re-.
tain independence.”

Instead of a spaco-world existing
side by side with but uiferly inde-
pendent of a time-world, we have g,
wniffed spuce-time world, o
&
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Matter, Energy and Svace i

"l
Still doggedly pursuing the legi-|
cal consequences of empirically ascer-!
tained prineipies, EKinstein proceeds
to cxamine thé  relations ~ Dbetwecn
mass {matter) and energy. Like
space and time, mass and' energy
have ‘always been repgarded in the
old physies as utterly distinet. The
law of the conservation of matier (a
basic law of the old physies) declares
that, in spite of all physical and
chemical changes, the total mass in
n closed system {the universe) re-
mains constant. The law ¢f the ¢on-
servalion of energy declaves that the
total encrgy of a closed systern re-|
maing 'constant in.spite of all changes
of form, - But ne change of mass is|
supposed to produce any change upon
energy nor chergy upon mass. Hut
Einstein destroys this Chinese wall of
sepuration belween mass and energy:
Kinstein was able to show that there

two, An inerease of energy he proves
—is equivalent to an increase of nusy,
and it is very likely that the total
mass of a body 1y a Tunction of total
energy and vice versa. What is invari-
ant (eonstant) now is not the mass-
total or the enecgy-total but a certain
relation between these totals: Again a
unity arises out of two disparate en-
tities. . :

© A direct conclusion Trom this eon-
ception of the eguivalence of mass
and energy is the fact that space can
no. longer be considered as Hemnpty™.
Energy in-some form ov other por-
vades the universe and therefore so
dovs mags. Matter and space between
eu-extensive. Material objects, like
tableg and chairs and men and trees,
are certain forms of coergy-content
—"yrinkles®  or  “distortiens” In
space. It would be absolutely out of
the question to uttempt to describe
here even in the most inadequately
general terms, Binstein's investigu-
tiong into the nature of gravitation
and above all his strikingly brilliant
conception of the universe, Ordinary
language is inadequate - to convey

thesé idcﬁs ; the languasge of mathe-
matics Is quite essential.
*
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_Relativity and Experience

The actually caleulable differonces
in results between the formulas of
Einsteinian physics and those of clas«
sical {Newtonian) physica are very,
very small—abgolutely beyvond the
limits' of present-day technigue of
measirernent, Yet empirical verifica-
tivn, of Einstein's conclusions is not
lacking. Sinee the famous solar
aclipse in 1919, in which the “bend-
ing” of the rays of llght us predicted
by Einsteih was cbscrved, there have
besn all sorts of experiments and
observations contrived to check the
‘predicitions and conclusions of Ein-
stein’s theories. BMost of these have
turned out positively, i e, confirmed
the predicitions; soine were ambigu-
ous and indeeisive; none have been
negative, i, e., contrary to the predic-
tions. T'rom -another direction, also,
a number-of phenomena, which have
never found any explanation on the
basiz of Newtenian mechanics, have
been fully explained on the basis of
relativity physies (e. g, the peculiar
behavier of .the orbit of the planet
Mereury). It.ean be very conserva-
tively said that, altho many. of the
features of the relativity theory (es-
pecially of the general theory) are
still comsiderably hypethetical, its
peneral outlines and fundamental
ideas ave not only strictly logleal con-
clusions of well-estallished faets but
have bLeen largely confirmed by ex-.
periment and ohsarvation.

* ¥ F

Significance of the Theory

It will be abvious to any vne even
from the bare description given above
that the significance of the theovy of
relativity extends not merely to th_e
special problems of physics but that it
hag important consequences the
realm  of philesephy. For reasons
peinted cut in the first article most
contemporary sclentists have eonsist-
ently attempted to use the conceptions
of . relativity for the purpose of
strengrthening the case of philosophic
idealism and of underinining the
foundulions of materialism.

Is therc any wvalidity in this at-
tempt? o

What are the philesophical fmpli-
cations of the theory of relativity?

These matters will be discussed ir.
the final article of the seris,



