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ABSTRACT ¢
\

CASSIRER'S CONTRIBUTION TOWARDS A PHILOSOPHICAL
UNDERSTANDING OF EINSTEIN'S THEORY OF RELATIVITY

{

STEPHEN F. MCNAMEE

This thesis deals with the relationship between
philosophy and modérn | science. Ernst Caséirer's
philosophy is an important step forward in:the twentieth
century because his philosophy offers the hope that
scientific knowledge can yet be integ?ated into a
philosophical framework. In Part I of this paper an.
attempt is made to understand and assess Cassirer's’
philosophy as it relates to scientific knowledge.
Cas§irer's views regarding philosophy ifself, physics,
mathematics, epistemology, and metaphysics are studied in
order to .grasp _the essential connectedness of the
different branches of khowledée within the mainstream of
Cassirer's thought. His epistemological conviction that
all .knowledge 1is knowledge of relations and his
functionAl approach to .metaphysics are of particular
interest;

“In Part II some basic concepts from Einstein's
theory of relativity are examined. Part II is intended
to fit together with Part I as an example of Cassirer's

method in operation. The philosophical implications of

s
.



- . the theory of relativity have not yet been fally explored = °

1) A

& . .

- and nor does philosophy fully understand its own relation{ |
to modern science. The analysis of "Einstein's innovative
[+4 . o »

use of such physical concepts as space, time, matter and

energy is an attempt to show that Cassirerf"sn philosophy.
provi@es an - interpretive matrix within which scientific
knowledge can be. situated. The new meaning Einstein
~,gave to the concepts of space and time within the .theory’
of relativity shows that the type of progress Cassirer
envisioned as ; pﬁssibility for epistemology in“general
has actually been made within the: limited sphere of the

epistemology of physics. Furthermore, a parallelism. can

‘be shown to exist between Cassirer's metaphysics of

—_—

substance and function and the m=odern physical treatment

of matter and energy. . ' . ,

L
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y Jntroduction,

LIt one were to compare a few standard histories of

western philosophj and look 'through*‘théir‘ tables of

contents, .the chaﬁces:are that one would ,1mmedia£éiy be
struck by the fact fhat the Milesian philosophers, Thales,
Anaximander - ahd gnaiimengé,l aré almost invariably listed
first,)\as the progepitor; _6f western philosophy. The

’pﬁysicistsl, as some authors, style them, were the first
to .inquire into the'nature(9nd sﬁbstance of the .universe
and the first to reasoﬁv along ratipn&i aqq scientific
lines. The mytholbgica;'world-view, as it had evqQlved in
thé writings of Hesiod and Homer, w;s unable to satisfy
the intellestual curiosity of'these ﬁen, and‘consequentlf,
the first stirrings of a hunger for rational explanation
and oragred thought were felt in thg Greek world. Needless
to say, a great deal has traﬁspired in the history of
philosophy in the iﬁterval between Thales!' iniéiai
cryptical assertion that' 'qll is water!' and Einstein's
formulation qf;;pé "General Theor& of Relativity"; -but .
what has to be noticed and even felt (as a doctor feels a
patient's pulse) is that the history of philoséophy is a
history of ideas. Moreover, the history’ of ideas is also
the history of the impact those ideas have  had upon the
civilizations which gave birth to/them and the lives of

the men who pursued'then. - : '

0’ -



so be aware ' of the close relationshif

| that: has obtained between philosophy and physics since
9 their twin inception. The phenomenon of the phil.os‘opher-
_physicist who gives new visi'on to the mzn of his and
future eras has repeated itself. over and over again from
Aristotle to Bacon to Galileo ‘o I;Iewton to Einstein, ‘to
name but a few of the luminaries in science's pantheon ot ’
great thinkers.  Philosophy’ infofi;ts an is i,‘nformed'by
physics at every stage of its "development and the
dialectical tension between the‘two oisciplines gives rise
to the possibility of a new synthesis' of human knowledge,
new solutions for old problems and new probiems with the
old.solutions. Seen in this light, whgt we are' witnessing
is a continuous and protracted evolution oS) thought. The |
“obj\ective of this study is to enter into tt;is evolutionary
- process and to view modern physics from then perspective of
mode/rr; philosophy. There is little doubt in this writer 8
mind that })hysics and philosophy are still in search ol ;a
‘deeper understanding of each’other and of themselves.
For obvious reasons, Einstein's theory of relativity
',has been chosen as a focal point of this study T}le theory
of relativity automatlcally suggests 1tse1f es an
excellent place to beqi'n looking.at modern physics because

its formulation was probably the outhtanding intellectual

~feat of twentieth céntury physics ahd  yet it has become

\-\__

[

sufficiently old by now for the initial shock to have worn

T
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off’ and for the bc;enéific community to have begun

evaluating its import. The choice of 'Ernst Cassirer as the
representative philosopher sof the twentieth century was
sperhaps not so obvious. While the average person on the

- <

i 3 street is quite 1likely to have heard of Albert Einstein

' L
rare person who will be familiar with the name Ernst

.Cassirer and rarer still would be the person who is

conversant with his philosophy.‘ Nevertheless, . one of éhe

) main theses being communicated here is that Cassirer's

relative obscurity is unmeriteq and that if more attention

were paid to Cassirer's yofk, conﬁempofary philosophy
might not perceive itself to be in such a quagmire.

'The above-mentioned thesis underlies the wh8le thrust

of this study and is %n implicit‘ part of the entire
project herein undertaken. The thesis explicity advanced
is that -Cassirer's philosophy provides an,‘interpretive

matrix within which the philosophical implications of

Einstein's theory =of‘“reia§jy%£x, can be explored ang..

charted. Ernst Caksirer was born in 1874, Albert Einstein
was born in 1879; both understood the natufg of the
. éfoblems threatening to engulf nineteenth century scienée

and both opened the door to’a bro§9er twentieth century
-view of ‘these pfoblemsL Einstein puﬁlished his "Special

Theory of Relativity" in 1905, Cassirer published The
Problem-of Knowledge in 1907 and Substance and Function in

(though few could say much about his- theory), it is the
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*1910. To the latter was added\\b '
r

Relativity in 1921, when Cassire
Einstein had -accomplished in physics. It is significant

ecame aware of what

that Cassirer; could so eésily graft '

Relativity onto

evenly from one book to the other with no  break or

His thought flowsg

discontinuity and it is obvious that "he anticipates
Einstein's conceptual breakthrough even in The Problem of
Knowledge. The important point .is this: ‘Einstein's theory

of relativity did not come as a shock to Cassirer's

philosophy- as it did tp that of most of  his’

3
contemporaries; the theory of relativity was an expected

. consequence of the direction in which Cassirer perceived
N a,

scientific thought to be moving. Accordingly, no apblogy

needs to be made to those not familiar with the name Ernst___

Cassirer - they oughtuto bg!

For purposes of systematic cohefence, this study has
been divided into two pafts._ The first part is aﬁ attempt
to- come to grips with Cassirer's philosophy and to
understand Cassirer's view of scientifi¢c knowledge. It

deals consecutively with the disciplines of philosophy,

physics, mathematics, epistemology and metaphysics. It is

hoped that "by surveying these branches of science both

individually and in their interrelation, a foundation can

be constructed from which to view the theory of

relativity. The second part applies Cassirer's philosopﬁ§

1
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to a discussion of some aspects Of g%p real content of the
theory of relativity: the concepts of space and time,

and those of eﬁergy and’matter. It should be understood
N

. in advance that the primary emphasis of this thesis is

intended to be an assessment of Cassirer's philosophy

and that the consideration of Einstein's theory of
IS

relativity is undertaken with this objective in mind.

"What has been sought is a broad overview of the philo-

sophical implications of the theory of relativity and an

. analysis of the epistemological and metaphysical import of

' 1ts conclusions; but this has been sought as ''a means df

understanding Cassirer more lely. For readers in search

of a more systematic presentation of Cassirer's ' philo-

sophy, David R. Lipton‘'s book, Ernst Cassjirer: The Dilemma
of a Liberal Intellectual in Germany- 1914-33 and Paul

e - .

Arthur'Sohillp's biography are recommended. - Also, &ohn M.
Krois hasljUSt produced a new book entitled, Cassirer,
Symbolic Forms and History (New Haven: Yale Univ. Press,
1987) bwhich, although not available at present, is
expected soon. . |

fhe first five chabterg represent, as it were, the
convergence of five parallel lines of thought. The
diversity< of the disciplines of knowledge has to be
acknowledged, yet it is still possible to assert, not
inconsistently, that knowledée is also an

interdisciplinary whole. The increased mass of empirical

£

. data available has resulted in a pressing demand for

<

& T
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pecialization within twentieth century science, but in

irecé proportion fj}&he éxtent to which knowledge becomes
specialized and techﬁical, a counter-demand for
nification asserts itself. The danger that our knowledge ' .
may become fragmented and disconnected from the wholeness

of)reality impelé us to stepzﬁack,and to listen carefully

" and imﬁartially to what each of the disciplines is saying.

‘It is particylarly imporé;nt for bhilosophy to be aware of
this n?ed and respond to it. Therefore, in a;sessing
Cassirer's philosophy, we will be‘specially interested in
his view of the_cdnnectedness of all knowledge and in the
- way he integrates the physical perspective with that of
philosophy.
Sty | (ér . .
The remaining two chapters, which qomprise Part II, o
are intended to be a foray into the labyrinth-like
- " complexitk of modern physics itself. Although we enter the
jaﬁi\\ world of physics as philOSOphérs, tﬂe_vast ﬁajority of
those of ﬁs who have not felt called upon to bursue the
study of ﬁhysics beyond the basiﬁ high school curriculum
arge apt to“experience feelings’ of. perturbation and
inadequacy when confronted by the strange symbolisms and
- mysterious formulae of theoretical physics. But, what we
fail to bear in mind is that the.whole of modern physics ~
. * is nothing more than a hypothetical explanation of)
physical intuitions native to all of us.  Obviously, an

Einstein, a Planck or a Bohr devotes a great deal more

) i

r.
i
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. reflection and',eerutiny to his physical intuitions than-

-‘most people do, but the?e.is no g_g:igxi reason why their

intuitions. shoyld be ehy‘more correct ;than anyone else's.
The intellectual task at ~ hand is -to ﬁplleygrﬁhother

person's reasoning and to see where his ideas lead him.:
0 -

Questions have to be asked, misté surrounding concepts

have to be dispelled and-a mental effort has to be made to

grasp what fe not always perfectly lucid. Kierkegaa}d, in

. his Concluding Unscientific Postscript, relates the story

of Jacobi'who, having failed to fathom Lessing's meaning .

v

when he referred to'the 'leap of faith', said to Lessing:

.- "Next time yow jump, take me.with you." Modern physics is
X *,

a bit like that; sometimes it is difficult to follow the

s

‘éonceptualeleaps being made, especially when those ‘leaps'

are of the quantum variety. Nevertheless, even the attempt
-is thought to be worthwhile.

as a unity, this study' stands or falls not so_much on

the narfow\point of whether it has anything meeningful to

add to the discussion of the™ rale of the theory- of

'relativity in modern physics, "but on the broader basis of’

whether Einstein's:- theory of relativity has stimulated

fresh ?insightﬁg in philosophy and. whether Cassirer's
philosophy, in particular; is a suitable philosqphy in the
context of the modern state of scientific knowledge. The

two principal theses of Cassirer’'s that are stresseg

- . ~

i
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throughout are:- (1) To know is to relate; and (2) what we
know is function, not substance. The fact that Einstein's’

. "basic epistemological -stance reduces to approximately the’

. same two theses grgatlf facilitates the exchange of ideas

’

between, physics and philosobhy and between their

’ 1
. - + ,0
respective spokesmen, Einstein and Cassirer.
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Philosophy and Science
t o

}' The rrelationship between philosophy and science has

. L
always been an intimate one. ° It is well known that what

.Wwe now term 'physics' was once called 'natural philosophy!'

and, in truth, all that is now subsumed under the category

of scientific-knowledge was once considered,fo be a part,

1

or subset, of the broader. category of philosophical

- wisdom.. In the days of Aristotle, empirical facts about

- 1

topics ranging from the observed motion of theMplagéﬁs to
human physiology were lumped together with speculations
concerning the teleélogical organizatioh of the runiverée,
a;d all branches of inquiry were kintégrated %ﬁto - a
philospphical framework: Unfortunately,  or perhaps
fortunately, this situation no ' longer persists. 'It is.
unfortunate because, to a 1large 'degrée, the twentieth

century has lost the notion of‘the unity of all knbwledge

-and has devoted itself to the investigation of the parts

of‘ knowledge to }the exclusion of the whole. is
forfung;e because therrocess ‘;f separating the factudl
from the fanciful and the speculative has allowed man to
make a wide and free use of His ?easoning powers, to
discard unfounded-assumptions, and t6 eliminate errors -in

thoughit. ‘v ) T
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At presentk\ science is doemed -distinct from
philosophy in that the scientific  method yields results
that are useful, ihteresting,_éhd, very, often, verifiable;
whereas, the philosophical method produc;s cohtrerrsy,
argument and widespread uncertainty. "Modern universities
routipely classify philosophyw, under the genero} heading
‘Arts' and whilst a residual respect for'the work done by
philosophers still remains, the great majorrﬁy of people
appear to regard the 'Séienoo§' as rhe true repositories
Bf meaningful knowledge about the “world. /,ﬂg“ever, in a
world which has 'broughr itself to the brink of
catastrophes such as nucloor'war, it appears timely to re-
examine the relationship between philosophy and science
and to attempt once more to integrate’scientifio knowledge
into a phitlosophical framework It is nor a- question of
failing to see the forest for the trees, ‘or indee&c of
failing to see the trees for the forest; what needs to be
dbne now ,is to see both the forest and the trees, the
éenerai and the particular, and to understand this
relatlonshlp in the most thorough possible way. o

The philosophy of. Erhst Cassirer ' offers us‘ exactly
this possibility. Cassirer was both well-acquainted with
modern developments in the various ociences and, at the
same time, a philosopher of the old schoolf a man who
believed in the unlty of knowledge. Of course, the rapid

pace at which scientific research. is advancing in the

twentieth century implies that Cassirer,iwho.died in 1945,

.10
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may already be out of date; but this is not necessarily
so, for there is a definite sense in which good philosophy
is never éht of date and, furtherméfe, Cassirer did not
have.to live in the 1980's to be awére of the general
trend contemporary science was taking - he had 'the
foresight which characterizes great thinkers.

The obvious method of expléring Cassirer;s ideaé
concerning the nature of scientific thought and the
pufpose of the philosophical enterprise 1is to proceed
immediately to an examination of ﬁis works. However, it
is albo true that Cassirer's idea of .philoséphy can as
readily‘be inferred from his mgthod of doing philosophy as

from . the inner 1logic of the arguments he pfesents.

William curtis Swabey, who " translated Substance and

Function, writes ' that Cassirer "...speaks rather as a
scholar writing in a .well-stocked 1library," and that

"nature is for him somethiﬂg known only indirectly,

1

primarily thfough the books of scientists."™ Another close

soufce, Charles W. Hendel, testifies as follows in his

Introduction to. The Philosophy of Symbolic Forms (Volume
' ’

Three): i
- amsnxrtmdaldazhhdngthé&ycﬁlﬁs<1mix>ﬁmmuhﬁeuhrdl
had to do not only with knowledge of the physical warld- but
., mre canprehensively with "the struchure amd articulation of a
thecretioal worldview." d

Swabey tells us that Cassirer's knowledge was a

mediated knowledge, ~ that the feality Cassirer interpreted

4 N led
\

- !



G

)

was a second-hand realif; élready distorted and ‘over-
§implified by the scienﬁists who describe it. This is an
accurate criticism in some ways, but not necessarily a
damaging criticism. After all, to give Cassirer his due,
the task of compieting a 'survey of ally‘of the various
sciences @ was enough of a Hegculeéﬁ labour to have
undertaken in the first élace;mthus, practically speaking,
Cassirer is required to reffr to the opinions of experts
rather than attempt to do all‘pis own original research.
In fact, viewed from a sympathetic perspective, the
knowledge to be found in scientific treatises and other
such scholarly works represents not a distortion of
reality but its ‘distilled essence. Furthermore, . aside
from the age-old problem /of the unreliability of the
knowledge which comes to us through our senses, there is
another more fundamental problem. Given the complexity and

detail of first-hand empirical knowledge of reality,

synthesis and synopsis 1is the only possible manner of

proceeding: therefore, the many instances have to be

3 -

. ¢
compreéessed into the single rule and the many rules have to
? : 7

be consolidated into the sihgle principle, wherever
possible.
Hendel's comment, on the other hand, is of a

i3
different nature, displaying a concern.more for questions
pértaininq_tq$motiva£ion than methodology. endel quite

rightly points out that, in effect). Cassirer marshalls a

/

12



9 ~hu;e mass of information, degived from ?n incredibly wide
variety of different sources, . ,soﬂély in order to.
orchestrate a concert whose'score he has composed h%mself.
From the pre~scientific mathematical nmysticism of

gPYthagoraé to -the ultra-scientific rélativistic phyéics of

Einstein,“éach empirical- fact,‘ each new Eheory, each

. expansion of human khowledge is a' part of the .central

‘ theme Cassirer is sgeking.qé communicate.  His ph{iosophy

' is the symphonic ekpressi;ﬁ.of an idea.- Hendel recognizes

this in Cassirer's philosophy and he points it out to us.

Accordingly, if the question becomes, !'"Is this a valid way

i . to do philosgphy?", then the answer must categorically be
p ‘ answered’in the éffirmative. |

What g&d Mozart do when he wrote a symphony? .He

translated muéic he felt in his soul into music that

people could hear and appreciate. He arranged the tubas

and the cellos, the trumpets and the clarinets, and all of

.the ‘ other instruments in such a manner that they

/- complemeh%ed and criticized one another, boomed loudly and

+« .whispered softly, and ultimately, gathered in harmony to

express ;‘.central theme. Cassirer does Exactly the same

thing in philosophy. He begins with fundamental insights

- }nto the nature and structure of knowledge ‘that are
intuitive and perhaps even inchoate, and hevputs them ingéh

”‘danguaé; éthers .can understand and appreéiate., He -

] " - discuseés ,physics, and psychology,. ‘hathemaéics and

¢
- - i
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mythology, everything and anyfhipg; and, in the end, he

organizes all the parts of»knodledge into a whole and he
. B A
lets his theme express itself. Thus, ‘in An Essay on-Man,

we read Cassirer's summary of his own philosophical

-

conclusion:

In language, in religion, in art, uxsnaﬁe men can do ro
munaﬂnmtnbmﬂdtpluscmmlnhenz-a ‘synbolic universe
that enables him to un®erstand amd interpret, to articulate

and' organize, to synthesize ard ‘wniversalize his huen

Far from being critical of this type of artistry,
philosophy welcomes and even demands it. Thé failure to

support one's contentions with either facts drawn from
o ( —

14

experience - or history, or logical reasons, or both, is

regardéd on all sides as a serious philosophical defect.
Conversely, the greater the welght of empirical evidencq/
supporting one's p051tiop and the sounder the arguments
adduced, the greate; is th; respect accorded Ito_fhe

philosophy. It cannot be a serious criticism of .cassirer

. N ) '
to say that he interprets the information at his disposal

in such a way as .to fit his own underlying theory because

this is\précisely what is exﬁected of a philosopher. 1If,
however, bad faith is alleged and- proven, * then we -aré

talking about a completely-  different thing and the

\

criticism is indeed J\ very seriqus. . Inte g 1 -

misinterpretation has nothing to do with philosop

However, Cassirer's real genius consists in the fact that

he never displays,lquestionable academic _conscience by
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hiding inconvenient facts or -omitting to give proper
weight to inferences that clash with his own theories.
What Caséirer does do is tb demonstrate a marvellous
abitity to discover the connection ' between seemingly
disjointed pieces of knowledge aﬁd to sift the e§sentia1
from .the peripherally important with Jgégpny acumen. At.

-first, this may seem somewhat disconcerting, but  with

:

patience and time, a deeper insight into Cassirer's

philosophy develops and as Walter ﬁ.lasolmitz“ writeg in

his article, "Cassirer on Galileo: An Example of
Cassirer's Way of Thought":

Ifcneis:ﬁmtﬂar\dxhthsﬂmer@ti:ugm, is so usad to
ﬁr:ﬁa::thn:cmiﬂnaraﬁ1a;xezm§cﬁsap£e the sare time
thn:hernjkmgerwuqiasztxutj;. '

But this is not bad faith or intellectual’ dishonesty, nor

is it the incompetence of a shallow thinker who picks and
] : ¢ .

chooses theories .eclectically witﬁ no thought for any
systematic understanding that ﬁay connect them. In

Solmitz' view, tegs trait of Cassirer's is a sure’

indication of .the depth and breadth of his thought. Thus,
we read:

A statement by Cassirer, valid in itself, must yet be seen
within its dialectical ontext. Rrthermre, in additio to -
the horizontal dialectics, there is a kind of wvertical
dialectics: a  historical - statement by Cassirer has a
systametic significance at the same time. The fact that

. Cassirer could "revive" and "rewesent" Galileo an the
‘cotemparary  intellectial scene is dwioxly die tn!$he1('
gpecial form of Cassirer's systemtic interest in Galileo. ’

y



Since the de&th of‘\Hegel, and particularlj since
Marx's inversion of the Hegelian method, dialec¢tics has

been viewed with a great deal of suspicion and the once

N

cherished dream of‘ eventually achieving a "complete"
~ .

systematic- philosophy is now Tregarded. as .a hopelessly

%

\h§ealistic illusioAf. Yet Cassirer presses resolutely
onwards, . undaunted b§ the enormity of the problems facing
him but alse cognizant of his own limitations and the
limitations of knowledge. The logician,, Kurt G8del, has
shown that it is impossible to prove consistency in a

+ formal axiomatic system without resorting to methods from

-

outside the system and, . in physics, Werner Heisenberg's
"Uncertainty Principle" implies that physic;1 knowledge
can never attain to aaxthing more than a high degree of
statistical pfobability. Thus, the very possibility of
systematic philosophy has been seriously attacked and‘the
very foundations of knowledge have been shaken; but the
requirement of consistency-and the need for a systematic

understanding still remains even when the possibility of
( .

attaining such an understanding is restricted. In

-

Cassirer's words: ,
The era of the great castructive prtgrams, in whkh 
philosophy might hope to systamtize and organize all
knowledge, is past and gone. But the damerd far synthesis and
syopsis for sovey anmd caprehersive view, continues as
before, amd only by this sort of systematic review can a true
hnmadaﬂ.tndzs&nﬂgg of the inﬁyﬂinldaeh;matsci
kmmmxbebe

I8

16
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In Cassirer 8 hands, an almost imperceptible change
in the meaning of systematic philosophy results in a
qoticeable revival of the possibility of its existence.
'3u;t as - Cassirer's Sgpg;gngg__gng__fgng;ign geems to
antic&pate Einstein's theory of relativity, his unfailing
intuiﬁive feel for the direction the philosophy of the
future must take also seems to have warned him to keep
clear of the probiems associated with G8del's '"Theorem %ﬁ%
Undecidability". Caesirer's philosophy does not purport
to be and is not systematic in the sense “of "system" to

which GBdel's theorén applies. G8del proves that it is

v

impossible to begin with a finite number of axioms and
then successively deduce the truth or falsity of all
/

statements that arise’ within the system. But Cassirer

isn't seeking to reduce knowledge to thé logical

. consequences of a few basic propositions; in fact, his

—

" objective is the exact opposite of this. In his.own words:

It appears as the task of a txuly universal criticism of know-
ledge not to level this manifold, this weaith amd variety of
fooms of kowledge ad understanding of the world, amd
ouqnnssthanﬁnb;aapunﬂy'dxxnxtnxﬁxy, hut to leave them
starding as sach ,

It is true that within each science, .each form of

knowlbhgef concepts are compressed in order to allow for’

3

Ggreater generality- of application; buELthis«compressio%
)

has to be carefully distinqguished from the kind of

compression. that obliterates differences and effaces

4

"individuality. - Cassirer tells us that, "...with every

14
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transition to a new type of physical statgmenk a double
process is involved: Qﬁiextenqive enlargement of knowledge
X 8

and L corresponding intensive compressjon."® Thus we see

that the forms of knowledge grow ever more distinct as
their chara;;eristic concepts become morehshagply defined,
so that. philosophy is constantly confronted with a greater
mass’of knowledge in néed of systematic integration and
with a wider disparity amongst perspectives within which
this knowledge is interpreted. Accordingly, Gldel's

theorem is merely tHe expression in logic of a practical

asséésment of the existing state of affairs which

philosophy had already made. Heisenberg's "uncertainty"

remains to be discussed, but this is really a question of -

the interpretation of quantum theory and beyond the scope

. 0of this study. For the present, however, it should be

remarked that inability tq measure with absolute precision

»

is a vastly different thing from inability to know with

certainty. The major problem facing philosophy 1is not

‘rehlly measurement, but rather the diversity of possiblef

ways observed facts concerning the physical world can be
interpreted. It is worth quoting the following passage

from ghg;xxgplgm_gj_xngglgggg for Cassirer's analysis of

the situation:
Even within certain fudamental lines of philoscphical thaght

that are closely related to ane ancther and seem actually to
spring from the same saurce, the different ways of

step
a:naxaindﬁxa<ﬁ£ﬂm:ntdﬁsﬂ@lhn c:nbﬁnsinp:tzntand

ey
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"There is no tribunal to compose these quarrels..." -
It is the realization of the relativity of knowledge that
prevents Cassirer's philosophy from ever becoming

dogmatic, Modern philosophy, if it is to be 'modern' and

19

adequate to the heeds of twentieth century man, can no

longer seek to act-:mas judge in the trial of the competing
knowledge claims. Far from implying that.philosophy must
forfeit its prerogative of forming an independent‘ opinion,
however, this means that philosophy's independence is a
crucial prerequisite. Thus, for example, the theory of
relativity is thought to express fundamental truths about
the nature of thellphysicaI universe, pbut philosophy errs
gravely when it takes these truths at face value and
absolutizes thenm because the truths are only true within
the:rgstricted context physics gives them and it is always
possiblh'e to formulate theée truths in diffgrent symbols
and different contexts. The era when philosoéhy felt
called upon to make authoritative pronouncements is at an
end. Instead, phzlosophy now looks beyond the disordered

diversity of thought's initial encounter with reality in

search of the principle of unity whose many faces and -

- ?1
names have continually baffled and bewitched man from time

immemorial. It is a basic postulate of Cassirer's thought

-

“- o



~ philosophy is and what it is about,"

8% .
that each of the aspects under which this principle

appears are at last reconcilable in the same sense that
the terms of a mathematical series are all comprehended by
the function defining it. With reference to philosophy,

this idea translates into the conclusion that:

It is the task of systematic philoscgy, which extends far
beyard the theary of knowledge, to free the idea of the warld
fram this ane-sidedness. It has to grasp the whole system of

syrbolic fams, ﬁraannhxniﬂaof\hﬂjxpxdxnsfbrus the ’
axcept of an ardered reality.

It now Dbecomes clear ‘that the preliminary
pharacterization of philosophy as the study of the
fundamental principles arid basic concepts of other
branches of knowledge is not entirely accurate. While it

is true that philosophy actively canvasses as many of the

20

e * -
reputed sources of knowledge as can be discovered, it is

misleading to \assume that philosophy stops here. To
"grasp the wﬂgie system of symﬁélic forms" and to apply
this systen, phglosophy must contribute an extra something
of its own. The kernel of the philosophical method is the
conviction that rationality inhereg in reality and |is
capable of being discovered. The h&man mind imposes order
on thgL phenomena, but the philosopher never ceases to
believe that order is also an objective presence in the
very ‘'fabric and structure of reality. For Cassirer, the
"principal and original question" is the question of '"what
‘ 11 because 'philosophy

constantly questions itself and criticizes every static

»
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NI model of 'a reality~1t,knows%to be dyhamic. If we look to

. . . £y
- the essence and origin of consciousness itself, ‘then

&x?assirer contends that "ighorabimus (we will never know)
” 12

is the only answer that science can give.¥ Therefore, we

Nl \ .
begin, as Descartes does, with "I. think," and we
progressively realize not oﬁly‘thqt "I éﬁ;“ is a rational

- b o v ,

conclusion but also that phenomenal reality itself is

e systematically coherent ?nd intelligible. The paradox of
“ .

motion and change will always remain an anomalous feature

" of the system unless philosophy itself is fepresehtéd as a

" dialectical process and rtheripon'ingé; interplay of

concepts ié\faccebfed ag a Qethcdological 'a&iom. In

, ‘Cassirer's words: . .

AN . .
* The cocepg of philoscphy shows itself again and apinasa’’
. prcblem of philosphy, as a problem which itself never cames -
& ‘ to rest, hut which mst always be unfgtﬂ@n anew in a
. cotinml dialectical movement of . :

" . ] Accordingly, we recognize that, strange as it  may*
sound, there is such a thing-?s,philosophy of.philosophy.

' o Philgsophy, éyg metﬁéq of sol&ipétpfoblems,'encountersdpnd

, merg;s with phi osﬁhy, éggg problenm. The double aspect
‘ under ﬁﬁicﬁ»péilosophy czggt%ntly presents itself makes’a

2 dialecticﬁl reconciliation of these opposing tendencies a

necessary prerequisite to a&l-pgfipsophical thought. In:

. -scientific thought, conclusions ensue from hypotheses; in
> logie, 'then' follows from 'if'; and in philosopﬁ&,

’

o . principles order the data of perception; but in “eyery

e 2 ‘ T

<
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case, "the question of the validity. of the method is
suspended during the actual operation of the method.

Later on, we judge by results and we compare the ereati%n

.of ouhlthought w?&? the knowh empirical facts. What is

unspoken, however,. is ‘the problematic natuire of the
empirical fact and what philosophy specifically refr&iﬁs
from doing is* to enter into in-depth analysis of the

critesia of 1its own validity. The positivisﬂ of the

i

'Vienna _Circlie is one attempt to confront this problem and

Karl Popper's theory of falsifidafiqn ‘is another, but
neither - gets to the realicoréfbf the iisue; Knowledge is
and inevitably remains aeproblem - this is the first' fact
Sf cognition. Coﬂsequently, pgilosophy is only valid wpe;
it incorporates ithis fact into itself; but the only
iegitimate way around an undisguisedl and full-fledged
skepticism .is a philosophy of the pdssibie' and a
speculative metaphysics. \

In spite ’of all that' Cas§§rer §a§s— about the

unknowableness of substance, he still acknowledgés that,

"Empirical knowledge cannot avoid j the - concept of .

substance," but it is precisély because he qualifies his
meaning that we can see how philosophy is yet possible:

"...genuine philosophical progress is"in undérstgndinq it

(substance) and evaluating it as a concept."14

point, an analogy can be drawn to RQ:SiCS where'scientistgl
i

had hoped to replace the imprec

- hY 1 . "

G

. At this ‘

s® concept of matter by
/
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that of energy. Here 'also; it' was found that the
substantial conceﬁt (i.e. ﬁatﬁer) could not be entirel?
eliminated from tHe syetem\of thought. Even Einstein, who
éedicated'himself to the possibility of elaborating a
unified fieLd theory, was forced to admit that the concept
of energy was incapable of solving all of the problems
involved. Thus, in the Evolution of Physics, we read:

But we have not yet suoceeded  in ﬁmiuhmﬁng a pre field

pysics. For the present, . we must still assume the existence
of both: tkmianimmxerjs

!
‘The fact that philosophy remains a problem does not impede

the activity of philosophy any more than Einstein was

impeded from doing theoretical physics by the problematic

nature of the . concepts - he worked with. Whether or not

there is any justifiable reason for doing so, the.truth or‘

© falsity of a theory will always be budged accordlng to the

pragmatic standard of its use-value. Elnsteln s theory is

useful because it can predict and explain, and by the same'

token, Cassirer's philosophy is useful because it al}ows
'human knowledge' ‘ .

It seems fitting in concluding this chapter to refer
to the words‘of Cassirer's great meptor, Ipmapgal Kant.
It is hoped that by considering the several branches of
knowledge independently and also in their interfeiation, a

basis can be established for the latter part of this essay

. where we will investigate specifiE»features of Einsteinian

23

-for the organization and integration of what we term

»
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physics and their relation to a broader theory of
knowledge in general. -Kant, working within a framework of
physical knowledge that was less ccmprehensivé than that

of the present day, nevertheless undefstood'a great deal

) _ /
about the principles by means of which human knowledge
s

must be interpreted, and Kant!s best insiéhts into the
nature . of thduq&p itself and the meaning of the
philosophical enterprise will remain- essentially

unaffected by any new discoveries that may be made in the +

empirical realm. Thus, in "the Critique of Pure Reason,
Kant comes to the following conclusion about philosophy:

We camct learn philosophy, for where is it, wo is in

possessim of it, ad}nwsmﬂlwezannhp:uﬂ We can anly

learn to philosgphise, that is, to exercise the talent of '
. nns:nh1auxmdmneumﬂxﬂstnm&mgﬂ.pnnnpks,cncxxuun

actually existing attempts at philosophy, always, however,

reserving the right of reason to irvesticate, Egcuﬁhm ar -

reject these principles in their very esssence.

Philosophy has to understand itself before it can

1

E

begin to understand modern science. The reason why it is
important to enter into Cassirer's intellectual world ang .
to struggle with  the difficult points of Cassirer's
philosophy is that in Cassirer’wg_have‘ an example of a
philosopher who is attempting "to exercise the ‘talent of
reason in accordance with its universal principles" anq
who ' is also fully conversant wigbjég; main features and
corresponding epistemological probleﬁstof modern vscience.

Philosophy often results in controversy and argument

preEisely because philosophy is so pre-eminently critical



il ‘o 4

' and ‘because it refuses/é; accept the supposedly certain

“

conclusions sof science at face value without ‘further
comment. ~ It is necessary that the interplay between the
two diéeiplines be furthered and that,

1 -

in investigating
the knowledge claims of modern science, we, -do so as
r * \ »

philosophers who search for unity in diversity and broad

vision rather than narrow focus.

\

<

-

T

L} . .
.
. . * N
4 . * * w
- > o ' o
3 A 0
. B -
' a
o
v M ~ ' -
IS
)
. 4
[N N el N C
' “n y /J - 1
[ o - » ' _—
A ) . ) b
R N s " o
* |
|
'“ / ! i
. .
) a : .
. |
‘ |
- by
\
»
. . . |
A .
A *
0 \ h ) v ) b ] '
N " |
'. (') N - 1
- N ¢
4
. - * ;
- 1
. -
N .
‘
.o . : |
\ \ .
L
. '
. ’
w '
M
[ -
N, -
N . ! o™ i
- .
f
. ) . . .
. . N (4
-
LN ’ '
v Y *
1 P n ' .
’ R .
. . \
. - -
"\ ;
h L}
, v
L]
. ' ; » 4
. . [ .
¢
" \
»
Y
.
. l
.
- s - .
P . 3
v o
RPN . - o fyih g



This 1is a study of ' some of ) the philosophical
implications of Albert Einstein's famous "Theory of
Relativity". At the outset, it is important to reaiize that
there are many sciences and that "relativity" is not new to

philosophy, within which the whole science of physics |is

*

itself relativized as one possible’perspeqtive among many.‘

; Philosophy surveys the various branches of human- knowledge
from a positioh of independence.only when it refuses to
accord’ to any particular science a dignity greater than
.that which the particular science merits; and thus, in
spite of the hjgh esteem in which the empirical.- tgcts and
wéll—verified la’s of physics have traditionally been held,
philosophyr still “retains the prerogative to look beyond

physios and to interprst the knowledge claims of physics

within the broader framework of human knowledge in general. .

X .
For this reason, the philosophy of-.Ernst Cassirer seems

particularly apt as a vantage point from which to view the

other sciences since Cassirer's immense erudition and his

25

deep familiarity with all of the ‘various sciences lends'

a singé&ar credibility to’ his philosophical reasonings.
This is neither an attempt to deny the ultimate veracity of
the laws of physics nor a means of elevating philosophy to

a position of prestige above the other fields of human

~ .
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knowledge; rather it is a simple recognition of the fact
that each of the sciences has its own motive and its qwﬁ

characteristic way of organizing and synthesizing the

‘empirical data avhilable. As Cassirer writes:

Even in "rature," physical doject will mot  coincide
absolutely wimmedmicaldu;ect nor the chanical with the
biological - because physical, chemical, hidlogical knowledge
frame their questios each fram insaaxsznxnmtznd in
acoardance with this standpoint, slqsd:'&n,phatmaa\gn a
special interpretation ad formation.

Physics, to be sure, has its own p9culiar perspective

and its»own .manner of applying\the scientif1c~2ethod to its

problems, and thus, 1t'is evident that the interpretation
placed -on phensmena by the physicist_bears the distinctive
stamb fundamensal‘to the outlook of the science of physics.s
Each of the various science; is organized so that
extraneous data can easily be separated from relevant
information; indeed, the crucial defining feature of the
particular science itself may vsrypwell turn 6uE to be the

criteria it wuses in choosing between the "extraneous" and

the *"relevant". 1In physics,/éthe thsory of relativity is

pspeciallyx interesting becausg it inaugurates a

revolutionqry alteration in our sgslc conceptions' of space

and time. The intuitive ideas of space as a vast receptacle

" 'and of time as an enduring succession of moments are

challenged by th§:>new interpretation given to these
cpncepts in Einsteinian physics, and coincident with the

enlargement of these concepts in relativistic physics is a
-~

. * -
t \ A
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" corresponding need for readjustment in the other sciences’

also, insofar as these concepts (i.e. space and time) are
also fundamental for them. As Hans Reichenbach remarks in

his-article, "The Philosophical Signi@igigge of the Theory

Ad

of Relativity":
The armlysis of knowledge has always been the basic isque of
philoscphy; amd if knowledge in so fundamental a domain as that

of space and time is aubject to revision, the h@ph&ﬂ@am;oﬁ
suilczitkjsnvdllinwﬂyethe‘drﬂecﬁ‘gﬁlaaxhyb

Of ,course, we do not try to hide the fact that physics‘
defines ppace and time self-consistently - that is, to suit

its own| purposes - but, at the same-time, we should not

fail to notice that. a physicgi understanding of these ~

concepts is necessari}y at the base of any philosophy

c]

seaking to retain its relation ta the world of empirical
fact. A ﬁey element to the motive underlying the physical
definition is the physicist's_desire to provide the most

. A
cogent possible explanation for the observed "facts" which

comprise the phenomenal world. Thus, to a larqé'extent, the
philosbbﬁer is bound to accept the physicist'srappraiSal'of
. empirical reality; - fof it is undeniably true that physics
not oniy exp}ains, bufl;xp}ains well and in great detail,
and furthermore, physics is able to predict the occurence
of all sorts of phenomena with a trustworthiness that
. inspires great confidence. Nevertheless, Cassirer still
maintains - and&q\ité rightly so, as I shall argue - that
the essential limitedness of -physics'’ perspect%ve (and of

.
-

N
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, the perspectives/of the other sciences also) should never

I 14

be overlooked or disregarded. Physics defines space and
- , - ‘ M

time in the peculiar fashion that it does, because physics

can only achieve an ordered,’' self-consistent view of

reality by doing so. It is always a -‘mistake, however, to

. .
-absolutize either the physical definition or the physical

world-views }

A sacond key element underlying the physicist's motive
is the desirability of introdqcing the possibility of
measurement 'iﬁtg the hitherto chaotic mass of disjointed
observations an;\\percgptions‘ that comprise phenomen&l
reality. Standards: of comparison are needed’in order to be
able to reiﬁte events located Iin diffe;ent frames of
reference and to evenﬁuall& be able to subsume such events
under a single general law. Théfefore, the physicist has
to define in such a way'as to allow for fméasurement ‘and
this ‘invoives a mathematization and an objectificaéion of
concepts so that, in physiés, .knowlédge szt make a steadfﬂ
progress aw£§ from distinctions of a merely qualitative
nature and towards 'quantitative distinctions. It is

unimportant that the standard of measurement may itself be

prbitrarily determined, what matters is that such a

standard be applied everywhere with the same logical rigour

and that an undeviating application may lead to results

29



. capable of being formed into the general law. As Caesirer.

saw it, the- theory- of relativity was no startlingly new

development in physics, but rather the completiog' of an
evolutionary process whereby physics came to realize the .
epistemological consequehces of its underlying motives. He

i

writes:

'nmeg!malrelativityofanplacs, times amd measuring rods
mst be the last word of physics, because '"relativization," the

Now Einstein himself seems to have been quite :

conscious of his own motives for defining space-time in the

>

‘special way that he did in his theorﬁr of relativity and we
can see that he is in substantial agreement with cCassirer
on thls point. Thus, ge find the following statement in

ElnsteJ.n-'s autobiograk al notes, (Alm_ﬁ_inmin_,_
b.}l gn er-Scientist, The Library of Living Philosophers,
Volume VII):

The system of conoepts is a creation of men together with the
nles of syntax, which anstitute the struchure of the conosptinl -

P systems. Althougi the concephial systems are logically entirely
arbitrary, they are baxd by the aim to permit the most nearly
possible certain (intuitive) and camplete coardination with the
totality of sense experiences; secondly, they aim at the greatest
possible sparsity-of their logically indeperdent elements (besic
axxoepts ard axiams) , i.e4, UW ccn'.qxs A wderived y -
(postulated) propositions. R ..

The issue of what -might be called "concept-economy" (i.e., K

i
l

" "the greatest possible sparsity of their .’ logicallly" ’

. ‘'independent elements"),. will be dealt with more fully at a

~—f
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later stage, but for the moment our- attention is foocused on
the method of theoretical - physics. The description of

phenomena and the formulation of rules of order governing

31

phenomenal reality are accomplished in the furéher§n¢é of a

particular motive within the physical. pefspective and,

accordingly, the reality that physics makes intelligible is
a reality circumscﬁibed by the operation of the fundamental
'axioms ana Aefinitions of prsics. The same 1is true of
chemistr&, of biology and;’ as Caséirer argues. in his
Philosophy of Symbolic Forms, of all the différent b;anch;s
of human intellectual endeavor. _

In an epistemoloéical senSe, the theory of relativity

itself 1lends support ~to the thesis that no particular

r
+

concept of reality bélonging to any of the sciences
uﬁaqﬁely ever coincides with reality absolutely; and
Caésirar’finds eéidence for }his proposition not only in
his scientific studies but also in his researches into
language, gff and myfh. Accofdingly; Cassirer seenms well-
justified in »arguingh quite consistentl& with his neo-
Kantian epistemological stance, that.space and time are
pure forms of intuition. The particular construction giveﬁ
_to space and time by physics is remarkable for the breadth
of its explicative' powér and for the mathematical

»

. . ) .
simpliciﬂy of its expression, but it remains a construction
a

derived from a .particular motive and a pafticular-

-
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perspective. Philosophy; however, strives to find the ’
unifying principle cépable of comprehending a variety of

difggrent perspectives. As Cassirer writes:
1 ‘
N vWhat time and space truly are in the philoscphical sense would be
determined if we succeeded . in srveying campletely this wealth of <
.nuances  of intellectual meaning and in asauring curselves of the’
underlying fanml law under which they stand and which they cbey.
- The theary of relativity carmot claim to bring this philosgphical
problem to its solution; far, by, its developrent ard scientific
terdency fram the bqﬁnﬁn; it is limited to a definite
particular motive of space ard time. As a physical theary it , .
merely develags the nannngthn:qnaaanithegxssxs:h\ﬁn ]
system of aur erpirical amd physical measurements '

The example of' . the meaning given to the concepts of.

5

space and time within physics is only one }example of " the
way .in which fhe scicnce of physics orients itself. 1It
would be unnecessarily tedious to spend 6Gr tiﬁe.discussi;g‘
other such’ examples when the ppint being madc is
sufficiently clear:. Notf\chly in physics but also in the
other natural sciences and, indeed, in_every field. into
which; human minds enquire, the manner -in which the
fundamental concepts are defiped and applied characterizes
the nature of the enquiry ‘itself. Physics is_ that science .
;hich nost nearly succecds in mathematizing its concepts so
that the entire systeg of physicai‘feality can be’ reso}ved
finto “pure relations of ﬁumber and the basic laws can be
understood~in the form 'ofy mathematical equaticns; but
chemistry exhibits this trqi£ also (witness Ehe pcriodic

’table), and even in biology we notice a progression from

the purely classificatory schemata of an Aristotle or a

qQ



Linnaeus towards the highly mathematical techni&hes
employed by modern biologists in such fields as genetics.
The queséion is not ﬁhethe; biology should be based on
physicsR or physics on biology or whethér the method of any
one science shoyld be a paradigm ‘*for all <of the other
sciencesG. TA; real question is: what truths, what
knowledge of reality, does each of the individual sciences
;ield,ﬂ and in what way‘ can we synthesize the disparate

pleces of knowledge produced severally by the sciences into

a harmonious understanding of reality as one?

>
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Clearly, the natural sciences are those to which the |

mathematical concept of serial order accér@ing to a
determined rule is most easily wed, but just as it is wrong

to hypostasize physics as a paradigm for the other natural
N . " .
sciepces,_iﬁ is also a mistake to overestimate thé value of

n

the natural sciences vis-a-vis other forms of human

knowledge. Cassirer emphasizes over and over again' that,

»

- "It is the task of systematib philosophy ... to grasp the

7

whole éystem of symbol;c forms..." and that,” "We must

always direct our gaze to the whole if we are to reach an

understanding of particulars and individuals. For -it is
just this irreducible coherence of whole and part that

constitutes the essence of organic nature."8 Accordingly,

I 1

if-we are ready to accept the general meaning of Cassirer's
assertion that, "there is no moxe athemical definition of

life than there is a static and physical one.u/gife .is

-

]
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activity and in a sense only a functional definition is

possible."g, then we should also be willing to accept the

principle underlying all of the many forms of Kknowledge

34

logical consequence of this mode of thought, viz., that ac

v
must be expressive of a reality of which mathematical order

is only one aspect.

Now the natural sciences, ‘and physics in particular,

aim not so much at an exact determination of the nature of
)

reality as at a ‘truth consistent with the empirically known

physical facts; a truth .arrived at by ca process of

Il

‘'successive appr?x1matlon, rather than a deduced truth' of
which we can be absolutely certain. As Bertrand Russell
writes in his ABC of Relativjty: ' .
Science does not aim at establishing imutable truths and etermal
dogms: it aims to apmroach the truth by - successive

Ppradimetion, withaut claiming tﬁF at any s&gefhiﬂard
ouqﬂe&aaxnnrytas;aamadﬁewﬂ

Obviously, this fundamental tendency. is entirely consistent
o

with Cassirer's_and with the general neo-Kantian position.

The Kantian thing-in-itself is unknowable; but beyond the

realm of the noumenal ' is the phenomenal world and the

:possibility of knowledge emerges whe@ analysis of

phenomenal reality is in terms of the behaviour and
properties of the "'things' pérceived. Thus, it -is the

+
causal law given in the definiticn of the concept, rather

\fpan the thing itself with which physics concerns itself.

In ;he words of william H. Werkmeister, ("Cassirer's

~—~— - —
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'Advance Beyond Neo—KantJ.anism" : o Exns
cassirer, The Library of Living Philosophers, Volume VI)
Plato, therefare, wasr:lqminthecpmimoftm peofantians
p - wmhesav-ﬁ'ntaskofﬁlam an infinite process of T
. detamﬂnirg the indetermirate.
. Insofar as the concept is int&?preted metaphysically
' as the idealized expression of: the thing as substance,
there can, of course, be no hope of scientific exactitude(_,"
However, Cassirer has another way of “interp\'eting the
concept which involv\es. a shift away from the me'taphysical
notion of substance and, towdrds a non-metaphysical iciga of
1functionz;1 uunity. ;ole will_ be d\iscussing tne twin ideas of‘
substance and funci;ion 'i‘n much ‘gr'eater: “detail in chapter )
, ‘ Five,‘ put for &ur; present purposes— it is‘important to note
that one gredt advantage of the functionai' interpretation
gf the concept is that it does allow for the possibility of
‘~‘ sclentific law-like orecigon. The functmnal concept is a .
man—made creation and because it is a human invention 1t
can be "forced to obey its master s-will. Thus, Einstein dan
jsay that, "Science is ‘the attempt to make the chaotic
o ndi\'r'ersity ot our sense experience correspond to a loéically

uniform system of « thot.lght:,"l2 prec1se1y because the

4/ - I
definita manner in which he arranges his concepts produces

the "1ogica11y uniform system of tho:xght" which he needs as
his starting point.
o ‘ - Naturally,* for the ecienti,st, ,.‘the original choice of
’ concepts is i:herefor_e a 'vitally important part of ‘the tas¥.
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One might even venture to say that the choipe of concepts

" is crucial since‘no system canﬂeber hope to be more 'securg
) ﬁhaﬁ the axiomatic base upon which it is built. Thus, it

}s intereséing to note that a sort of direct
proportionality exists between the degree 'Eo’which the
cdncepts are abstract and their utility as building blocks
for é systematic understanding of. reality. | Einstein,

ﬁimself remarks that:

ﬁhe'drxmycﬁ’nﬁwmnutyJsaafnra exrmﬂe ‘offigthe furdamental
character of the modem develcpment of thearetical sciemce. The

nutkﬂtygﬁpxasqumes&a&lyxmmeabﬁxad:aniramxe -fram "

experience. |
.Cassirer, too, 1is quite cognizaht of this tendgn;y ana,
. furthermore, he has ar interpretation for it that is
perfectly consistent with the rest ofuhis epistemoiogy.' In
The Ehilosogny of Symbolic Forms, we read:

Science seeks.the uharbiguousness of the concept. But 1n raising
this davend fram its very begimnings, matural science mde a
» still sharper hreak with the world of camon experience. This
kreak separated from the warld of the scientific doject not only
the warld of words but also that of immediate perceptiom. In
cxderto;znanzmetothez;hae<xfﬁrsectdaxs in crder to’
mabire in its dbjective reality amd dojective
had‘h:lgm&asnnsathzmand sensary intuition

behird it, asuellasxrmes

¢

chapter to a close, ‘as this is the subject matter of the
33 . . \

fourth chapter. Before moving on, however, it seems

.worthwhile to briefly summarize the most important theses

p advanced so far. The theses to be recapitulated are’ six:

The mention of Cassirer's epistemology brings this

(1) Physics in particular (and the other sciences sin ’

S—

v
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qenerai)d‘views realitj from its own particular perSpéctiva-g

\\ . ,and interprets realizj;“atcording. to 1its. own, self- -
consistent, canons of interpretation; (2) Philosophy's role

consists not in adopting the perspective proper to ;ny
N .‘—/ -
particular science but rather in surveying the whole

complex 'ot differén; perspectives with an eye to

discovering the unifying principle or rule of order which

. , '
‘relates’ them. all to each other in a cogent and consistent

L

fashion; (3) There is a definite sense~incﬁhich Einstein’'s

. theofip Mbf relativity can be viewed as a final stage in the
evdlution of physics and as the end product of a method

W
which stresses the explanation of the measurable; (4) The

. ‘ . 37

concepts with which scientists work are man-made, and what 'm

< (5) A necess;ry inéxactiéﬁde mdét prev;il in physics, - anéu
in all tﬁe scie:Les, so long ‘Es tﬁese concepts are
mqt;phyéically ‘interpretea as ‘being expressive of
substance, but the functional ‘interpretation suggested by
Cassirer allows for a real possibility of precision; ant
" \— .(6) The iatural.epistémo}oéicdl progress of the scienceé>is

towards increasingly abstract concepts whose origin is pure

thought, rather than sensation.

is more, they are made with a‘particulaf motive. in mind;

3

[}
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It‘:ﬂ is- obvious that an analysis of Einstein's theory

~ -

of relativif&_‘must inevitably come to’ grips with the
-subject of mathemat}cs. This is partiéulérly true when we
/;/hre discussing the theory of‘rel$£ivity with reference to
Cassirer'sw philospphy.' . Althoygh neithef_ Einstein nor

. " Cassirer were mathematicians as %fch, both had a great

-
appreciation for the elegance and power of mathematical

thought'. and both sought to integrate the fesgxts achjieved-

independently by mathematicians into theif own theories.
P‘Eihstein' could probabl?lnot have achieved the formulation
of the theory of relativity had it -not been f;r the
mathematics behinqgthe Lorentz-transformétion and for the
. advances suggested by Minkoyﬁki in the field of tensor-
cglculus{.by'the‘same token, Cassirer is much indebted to
Pointcard for_his deniai of geometrical empiricism and to
\Heihrich Hertz for his theory ’of symbols 1in science.

Evidently, .in the hands of thinkers K of this stature,

mathematics is capable of becoming a very 'powerful tool.

3

Mdreover,~ the essencé of the mathemati%al'method consists
in understanding and .evaluating concepts in terms of
relations éqd nunber. Tﬁus, what ~hakes mathematics sé
powerful is that it allows for certainty within a tightly
defined kﬁowledge “situation where- we are concerned not

/

with~the empirically 'true', but rather with the logically

14 I
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possible. 'As Cassirer writes in sgbgggngg__gng__zgng;ign
mathematics' ability to lend numerical comprehen51bility

to the phenomena of experience is a key component of
a xationality itself ' \ -

If there were no rumxm rnuﬁng oaﬂd be uderstood in
things, either in thamelves orintmeh:naatnrstntxxh
other. TheIydaqxemldxtrueremdnsundampdin:usxnal
impart thraugh all the dhanges in philosgphical thought. The
claim to grasp the sibstance things has gradually been
withdran; hut at the same time has been deepened amd
clarified that inxxnba'hsroundthezats&moecﬁ’nmural

N . knx&atp
Not only does Cassirer assert that number is 'rooted
in the substance of rationai knowledge', but he goes even

=~

further when, in aAn Essay on Man, one of his last works,

" : he states that, "Science no longer speaks'the language of

v

common sense-experience; it speeks the P&thagorean
language. The pure sinbolism of number supersedes and
obligefates the symbolism of- common Epeech;"2 We have only
to pick np and read a modern physics textbook to realize
¢ the truth.of this dictum. For the uninitiated, a cloud of
mathenetical formulae obscufeamany possible meaning the
scientiet‘may be seeking to communicate and the density of’
the thought conteined in these thrifty formuiae can only
be unravelled by a person well-versed ih the 'Pythagorean
language'. However, much as we may regret the trend in
‘> modern science towards an esoteric 1anguage that only an’
exclusive few can underetand, we also have to acknowledge

/

. its usefulness and even its necessity. It simply  is




A

not possible to accurately -describe the events that

3

comprise phys;pall reality in the ' ambiguous  terms of

‘ordisary speech. Extremely precise and dense scientific

concepts have to be employed by the modern scientist who
wishes to express %imself clearly and, as a conéequencé,
there is a need to resort to the pdre -symbolism of

] . )1
mathematics.

40

Not only does the langéjé; of science -become

increasingly technical and difficult for the - layman to
understand, but the experiences described also become lesé
and ° less comprehensible in relation to our sénée
gxperience. A 6-dimen81ona1 mathematical space, for
examéie: has no experientlal analogue; vyet it may be tHe
most cogent way of understanding' a set of physical

relations. Cassirer explains this growing rift between

mathematical concepts and experience by tracing the

~pfocess of concept formation backwards to its'origin.

Right at the beginning of Substance and Function we find

tﬁe following passage:

cbject of cxsideration, by producing from a simple act
arstruetion (Setzuax) , by;mqnexﬁxetwndrshs afysumntk:
canection of th:ghbcattnxkas (Denkayebilden) .



N

Undoubtedly, arithmetic stands. as the foremost

,example - of Cassirer's thesis. 1In arithmetic, thought's

. capacity for the creatiqp of the multiplicity displays

~itsélf most cglearly. The whole set of natural numbgrs is
given by the simple rule of seriai ordering“which makes
each new number exactly one greater than its immediate
predecessor, the set of integers intr ,ucgsv}he notions of,
the' zero and of,sig;, and the sep of rational numbers can
be derived in its entirety from another rule of a slightly
more complex character. Thus, numbers are the first
'aygtematic connéctign of thougﬁt—construétions', the
first p&rticulérs to be genefated from a humanl& cgeated
univgrsal. But no scholastic "problem -of universals"
abpears on the horizon, no metaphysiecal and

epistemological difficulties have to be contended with,

because the universal 1is a principle governing thought

.. ratheér than a substantial 'thing'. aAs Cassirer writes:

!ima noina;xnaﬁhagq:cumaz&alm:maa1tha'%n&mxsar'ani

~

41

The dispute. between Cassirer and Russell as to the:

logical priority of ordinal and cardinal numbers taies on
new meaning in this context. While Russell insists that

number has an essentially empirical;origin and that we

&
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oniy know number by reference to classes of objects which
exempligy number, cassirer afgues that we first créate the
numbers and then apply them to the classes of ehpirical
objects Eﬁat perception reveals to us. "A  fundamental
difference in approach can be dccécted ghen the questiqn
is examined in greater depth. ’It‘ is not only the

difference between an epistemology which holds that

thought creates its concepts and a contrary epistemology:

holding that thought discovers the concepts, ]but it is
also a difference as to the objective meaningfulness of

the concepts. In his article, "“Cassirer Versus Russell",

- X

Smart explains:

In any case, so Cassirer mintains, logical priarity pertains
not to cardinal ninber, as Rssell arques, hut to axdimls.
Apin, whereas Russell holds that mathamatical propositions
‘are amlytic and taurtological, Cassirer just as stoutly
maintains that they are synthetic ard heroe dojectively

. It fallows that deduction is not, for Cassirer, L

as it is far Rassell, a sinple amalytic unfolding of what ,is
ahsaxrgﬁmnintme;maMsxs,hm%n;ac;uhrﬂy;ru;meﬁye,
synthetic and constructive process.

- 0ddly enough, Russell, who theorizes that numbers

have an empirical origin -in classes, also claims that

- e . e
mathematical cancepts have no objective meaning; but

Cassirer, who - makes number a pure creation of thought,
regards the propositions of mathematics . as objectively
meaningful. This apparent reversal of posiﬁions is
exﬁlicable when we realize that, for Cassirer, objectivity
enters into thought in the form of fiked rules according

to which thought must proceed; whereas,” for Russell,

T
» /
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objettivity is achieved only when thought severé all
...necéion with th phenomenal world and the 'Eu}és
drning it. It is essential to be aware of the
digtinction being made here. IA conformity with the
g%nerally\ accepted ‘Positivistic \outlook_ of his tinme,
Russell endg;ses a , correspondence theor? oé truth along
" with the necessary corollary that objectibity consists in
reducing subjective input\to zero sa that realitygran be

nown as it is. On the other hand, Cassirer, ' working
within a Kantian framework and goncentrating not on the
actugl, but rather on the realm of possiple experience,
considers the objective to be a rule or principie which
governs experience and gives order to it. Thus, for
cassirer, the objective meaningfulness of’mathematical
propdsitions ig der}ved not so much from what tpéy say
about the world of experience as from the logical
'necesslty which characterizes them. ’

‘Caséirer's view, as we had& seen, is quite consistent
‘with his epistemology and is, futhefere, reinforced by
the conclusions Einstein comes to in his theory of
;;lativity. The same cannot be said of Russell. The theofy
Qf relativity explicitly reject;? the view that objectivity
can be achieved by attaining an absolute frame of
reference and it implicitly éupports the idea that
objectivity consists in defining even the most arbitrarily

chosen concepts according to a definite scheme. Noting

43
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Russell's difficulty, Smart also writes:

Precisely in this comection Cassirer aautely points cut that
- Russell can aily regaxd it as a forturate coincidence, which
might just as well have been othawise, add for which

/‘ therefare no satisfactory in terms of

‘explored is geometry,

&

can be advanced, that caoepts, .thagh inherently

void of dojective meaning, experimental reference, or truth,
are revertheless ixﬂig:a‘sahleboﬁesolutdmofpzd:letsin

Now, number, and arithmetic in general, “constitutes

to the ‘philosophica‘l implications of the theory

relativity. Kant, as is well known, held that time

one aspe{:t of mathematics, but a second area to be

and this pertains even more closely

of

and

space were 'pure forms of intuition'. Cassirer also adopts

this wview, though with modifications. Whereas Kant had

based the concept of number on the ‘ intuition of time,

A

cassirer reverses his position, holding number. to be more

basic in that, “time... presupposes number, but number

does not, conversely, preshppose time."7»And whereas Kant
. ¥ |

had worked within the limited conception of space

represented in Euclid's geometry, Casqi;er is flexible

enough to acknowledge that one's view of space depends

the geometry one has chosen to work in. Nevertheless,

on

in

spite of the differences in his approach,’ Cassirer still

remains faithful to the central Kantian idea 'in that he

seeks to achieve a "truly logical and strictly ~deductive

intuition to its full scope and :lnc&epex'xd,ence.\"8

» \
s 1 -

. ' }‘
-
«

~construction of the science of space," and to "restore

I4

-
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o~ - Theuconnection between time and space reaches its
fullest development in the Einsteinian conception of a 4-~
dimensional space-time manifold. Corresponding to ‘this
connectioa,aigcrq_must also be an cqually close connection
between arithmetic cnd geometry if epistemology is to keep
pace with .physics.: But this problem does not - faze
Cassirer who is able to look back in history even beyond a
’

Descartes and his co-ordinate geometry to the very orlglns

of mathematical thought in search of corroborating

L3 L

evidence'for the validity of his epistemological stance.

o

l Time and cpaoe, arithﬁetic“and geometry, have always been
products of the human mind's synthesizing 'actiy;ty and
accordingly, Cassirer writes: |

\ Since thetdmaottﬁeIy&agmnmrsﬁzzelnslna1an.ntmmme
association, not to say an irdissoluble oxrrelation, between
the thxzy of nurbers am the thexxry of extension: between
arithmetic amd geametry ... If this tie were kxcken, if the ] '
arigin of nnber were aaghtinthendniandthecnﬂghlof
gpece "outaide" it, then the former unity of mathematics would
be gme and it would comrise ertirely different s of
dﬂe:sanigabukix:dﬁmmnﬁ:annnsqﬁknw&ahe. -

What has ,already been stated with reference to
L3 ~ \i
arithmetic also applies to geometry. Just as it is

A L

possible' to work within a variety of differeht “number

-

1y

systens, it 1is also poésibie to ' employ alternate-
\ ‘ . - geometries depending «uﬁph » the purpose one has in mind.
Cassirer notes that space, viewed as the 'form of possible
coexistences', 1is 'a basic assumption of all the dif}erent

geometf%es, butethat each geometry characterizes itself as

- jee)
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peculiar by virtue of the unique metric that it adopts.

The différent modes of interpreting spatial relations may

initially seem completely arbitrary, ‘ yet when the

geometries are compared with each other, a distinct

pattern of thought emerges. As Cassirer puts it, "...the

various geometries do not exist side by side promiscuously

and wifhout relationship:; they develop one from the other

.in accordance with a rigourously determined principle."10

Thus, the question of which’ geometry is the 'true

geometry' 1loses its relevance and our attention shifts to

the pragmatic question of which geometry is best suited to

our S. '

As we hav airgady seen, the search for concepts of

ever-increasing generality of application (which is an

inherent .element .in the scientific method), results in a

N .
" corresponding emptying of the experiential ~import

contained in the concepté; Accordingly, even the intuitive

simplicity of 'Euclidean space has

to be sacrificed in

order to achieve greater precision of scientific

<

‘expression. It is for this reason that Cassirer writes as

follows: '

-

~. Bxlidean space stards, as is now seen, not closer to the
’ of ampirical ard pysical knowledge than the non-
menifolds hut rather more remwved. For' precisely

it represents the logically sinplest

farm of spatial

axrstruction it is not wholly adegate to .the cmphqihy of .
oartent and material determinateness of the .

S
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The motive underlying the choice of a particular geometry

is now recognized as its usefulness in \accurately

descLibing the phendmenal reality that we | perceive.
Phyaical thought was emancipated by the breakthrough in
mathenatics that de-absolutized Euclidean geometry so that
new theories could be found to fit the faé’ﬁ rather than
always having to squeeze the: facts into the old theory.

Newton's great ' achievement consisted in his ability to
Q ¢

formulate laws of nathre consistent both with Euclidean

47

geometry and the observed facts;. but Einstein makes a

conceptual leap‘beyond Newton when he dares "to assume a

-

non-Euclidean geometry and, -as a consequence, Einstein is .

able to explain more empirical facts. 1In this ,cor’\text,

'Victor F. Lenzen ("Einstein's Theory of Knowledge", Albert

mnnj;ﬂm_kni.lmnhgr_:&ign&ig&, The Iibrary of Living
Philosophers, Volume VII) remarks:

. Newtan's lwofgxavitztimismﬂcedmtﬁ:uno&xer
axoeivable las of force throurh a suaccess in prediction. By
R oxkrast, Einstein's law of gravitation was fard by seeking
.o ﬂnsimlastco—varimtlwﬁarwﬁmawimammmn

The extent to 'which geometry always retains an

association with empiricism remains an undiscusssed® topic.

so"fqr. The axioms of geometry- dé not, as it were,

materialize in the mind of the geometer from thin air;

they are suggested by, and refleci:, experience of the

_phenomenal world. " The .very term 'geometry' 'connotes ' the

idea that we are here concerned with 'earth measurement'.

L ¥
I3
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of course, the human mind is creative in its manner of

4 -

structuring experience; but the raw data with which it

' - begins is experlence itself. Lenzen points out that,u"Tne

axiomatic construction of Euclidean geometry has, an

,
v by

empfrical foundation, 5and “Einstein declares that

‘forgetfulness of this .fact was responsible for the fatal

error that Eﬁclidean geometry is a necessity of thought
13

prior to all experience."

entifely in agreement on this pdint. For him, "The axioms

. of geometry ... must be regarded as exﬁressing fundamental
e B S

I

character 4s apt to be forgotten.n 14 %

1

Having recognized the empirical ® character Oof

geometrical axioms, ' ‘however, it |is also necessary to.

qualify our view and to be aware ef the extent to which
geometry is nonaemplrical. The whole system of axions,
taken together, constitutes a " distinct science with ‘ﬁ
distinct motive. The non-Euclidean geometriesewere first
developed when matpematicians began to speculatecas to the

consequences of eliminating the axiom of parallels, and in

this historical development ‘the true qature of geometrical

A

,thought reveals itself more closely Considered as a

paradigm . for systematic thought in general geometry is

the search for the greatest possible degree of. internal

consistency compatible with a. concurrent ability to make

positive assertions with regard to the subject matter. "In

- ’ <

cassirer, too, is

* experiences of such- a general sort that their empiriéal“
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<+ ° @ 5 ’ .
/' Einstein's words, "...the grand’aim of all science ... is

-

!

to cover the greatest possible number of -empirical facts

e °) 1ogical deduction. from the smallest number of

15

ALl

hypotheses or axioms." Thus, the axioms -and even ‘the
geometry ’are chosen by the.scientist, rather than belnq
strictly dictated by experienc§ Geometry isvitself only
]of organizing reality 1nto a comprehen51ve wholj

and it is only once this fact is "clearly recognized and

one way

understood that the scientist is capable of movingnfreely

4
i .

‘amongst° the various geometries and the various

interpretations of physical reality corresponding to each

P

of them. Thus, Cassirer writes:

. Nogamﬂzyisahnmxehrdnmmd11unenxrknaaorgnmn by
\ it,” bat it can be so0 chosen that it will be best suiteq to
om:ahtprdﬂsu;sa:hyempmdenaaandvdllsdhnathsnin the .
simplest.’ way. The thexxy . of relativity has shown that even |
. phwﬁms:hiic;ouminuznalpn;nrssnsyleadtnxnrbh?s'ﬁrm
.. require reference to a geametry other than Buclidean.

In - a sense, geomet is a system of mathematical’"'

thought erected without any egard for considerations of

utility. It is a pure expos tion of Eﬁg,relations existing.

between its fundamental axioms and’ it: extrapolht s to pure

thought constructions that experience could never suggest.-

th his theory may be contradicted by&\observable facts

and, ‘unlike the philosopher, the " mathematiciar has no
-worry«about the effeéts the latest toys that he makes

‘hHimself' to play with have on a geheral understapding of

‘Unlike the physicist the mathematician is not concerned ’

knowledge. The beauty of the mathematical concept is that"

.



it is totally hypothet1ca1 - its being is simply Jot an
‘1ssue. Whether or not there are any 1nsta?ces o it (or
© éven approglmatlons) in ob)ect+ye reality, the eqnilateral—
triangle ‘is an easy éhought construction to conceive.of:

but the important thing is that this idea (and, other

similar c¢onceptions) is, created according to a specific

rule of'thought once the basic concepts of magnitude and
. AY

number are given. To the mathematician, the triangle
4ﬁitse1f is the 1nterest1ng thing and the exploration of its
propertles-becomes.a fascinating exercise; but.it is the
rule of thought which is of permanent interest to‘the
:philosopher and the triangle is merely a éarticulatly
‘ clear 111uétration ‘of the operatlon of this rule. 1In the

triangle, the concepts of magnltude and number are united

in theqprocgés of measurement and once thought has created

. an angle of 60 deérees, it is a trivial -matter to create a
second and a thlrd.l . ’

. Due - perhaps to the clarlty wlth whlch mathematical
concepts are defdned, the study of mathematics offers many
rich ins%gﬁts into the. . nature of thought’ itself. Not onl§

'does mathematics teach us a great deal about the art of

defining, but reflection on the method of mathematics
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allows us a vision of thought in activity and makes -

possible the discernment of the lays goverriing thought.
Cassirer obviously feels that philosophy has much to learn
from mathematics for he tells us that the goal ‘of the

philosophical method is "to conceive all the objects witﬁ .

- /‘
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the same strictness .of systematic connection as the system

. of numbers.

nl? However, mathematical thou&?@ is. far from

being philosophy's only source of insight and accordingly,

Casssirer qualifies the last statement as follows.\‘.

lhetxnmzuctwecxnaqxs atnaznktﬁrsgcuﬁa ofnaﬁrnatus
nqyteituﬂihlandindﬁpasdﬂe:hxﬂrnrranmw field; but -
they seem to/lack an essential element for servilgasan: ./
enmphaﬂnrﬁnvhmecimmeofanaﬂ;rdﬂas as typical
cf the Gonoept. in general. - For however mxch
Lxﬁc limits iu*ﬂftothe"ﬁmqgl"ﬂst:nnxxim1wnh1me
pmdﬂanofhehqisrewmlxdmn /

This bringSz us to the topics of epistemologygand

~

metaphysics. We ‘know that each of the intellectual

disciplines has its‘own‘characteristic perspective and its

4own method of interpreting knowledge and we shall .see that

the

\

.fundamental ideas underlying each sbience,. when

analyzed in terms of their functional unity, are generally

g

nothing more than the pure expre551ons of relationmns.

\

Mathematics, being the  most highly formalized mode of

pure

.

into

_many

., expréssions of relations and to resoive its concepts

fixed laws; but.mathematics'is still‘only one ‘among

different sciences and, in any case, there is some

‘aanger that in effacing the individuality of a thing by

reducing -it to an unknown "x" in an equation, - mathematics

-.ovarlooks_essential aspects of the thing's reality. The
- N -

only

way to give a complete account of reality is to

- accept the mathematical perspective for what it is and to

. augment it by viewing the object from other-perspectives

‘also.

Reality is not comprised of sizeless ‘mass-points,

T
- .

5
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- thought known to man, is‘bestlequipped to deal with these ™
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but  rather of full-bodied ‘things having irregular but
definite shapes as well ,as colours, tactiie qualities and
odours. Thus, in writing about ‘Cassirer's conception of
the task of philosoohy, Carl H., Hamburg comments.
Itfo[kmsthnzcmsheroandxrtcxnskhm as ahqrme any
-~ philgecphical amalysis of space, time, cause, nunber, etc., - T
"~ ¢ unless beside mathamatical amd ﬂysnnl spaces, it also .

,athm;teitoaxnaxm:ﬁ::thecagmesdyeaqginuﬁtknalspxns
) of canmmn sense, art, myth, ard

Philosophy, however, in asserting its independence

‘from mathematical thought, must always refrain. ftom
actually coming into conflict with the conclusions_arrived

‘at by mathematics ,in its own sphere As .Cassirer puts it'
“ ...philosophy cannot and dare not attack or reject what
mathematics has to teach about pure form or about the

\\\éggdcal structure oflspace but must build on it as a sure. -

foundation."20

Thus, philosophy bases its claim to
independence not so much upon the novelty of its concepts
as upon the thoroughness of the method it espouses. Not
only} does philosophy refuse to allow mathematics. to'

;dictate its answers, but 'neither does it accept the
answers of. physics, ’hiology or any other discipline
without subjeéting them to criticism and mediating them iA
the” wider context of knowledge in general. No one would
think ofudenying that the truths of mathematics are true
within their limited context,. but.phiiosophy‘is asserting'
that we have to go beyond limited contexts if we  are

seeking truths that apply to a reality bigger than

e ,oufseIVes or the thought systems we create.

-
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The analysis of the theory of 'relafivity would
ngcessarily be incomplete 'if no aétempt~ were ﬁade to |
eééabl;sh’the connection between the specializgd knowledge

conceived of by relativistic physics and'the philosophical,
theory of knowledge in geTeral. An obvious precondition to -
thé attainméﬁt _of a proper understanding of Einstein's
theory of relativit} is, of'course, the construction of an -
epi;temdlggical base in relation to wh%ch t?e Qkhbwlnge:
claims being advanced can be interpreted. The soundness of
this view is recognized not onl¥ by Bpilosophers and
logicians, but also by scientists themselvVes. Epistemqlogf.
2both influences and is'influenced by developments in all

of- the sciences. and therefore it is no surprise to find’

Einstein commenting as follows:
The'’ nxﬁpnxnlxnhnigrhnacfebhﬂzmduqyaniséh!neis<f
a notexxthy kind, They are dependent uypn each other.
Epistemology withaut omtact with science becames an enpty
schame. Sckmnaumﬂtute;ddxmdkgyis irgofar as it is
thinkable at all - pnhdttwaanimutﬂed :
Now, as has been stressed_thrgughout, the creation of
concepts is aiways accomplished with a particular motive -
" in mind. The physicist has the twofold objective of being
-able to account for the multiplicity of observed phenomena S
and to unite thé diverse elements of phenomenal re&lity

under -a single system of laws; while, at the same time,




remaining completely consistent with his initial premises
and avoiding any internal contradictions amongst his
concepts. Accordingly, epistemological analysis .of
physical theory has to be aware of bothj the perspective
within which the physicist is operating and, especially,
of the internal dialectic obtaining between the concepts
of .physicszngaseirer suggests that in order to satisfy
these criteria two things are necessary: (1) The
mefaphysical interpfetation of the concept as substantial
has to be eschewed in favour df a functional approach; and
(2) Epistemoiogy must never lose sight of its own role in
\reiation to th methodology which characterizes the
.science of physics. Tgis idee is undoubtedly best

expressed in Cassirer's own words:

Thus physics knows its ﬁrﬂamnhﬂJ:nuqxernwer as logical
"things in theamelves," kit oly in their
cabination; it must, however, be to epistamoloyy - to

idetical with its coxrete aplication, bt it will
caversely imsist that this meaning mxxé already be
established befare any application can be made.

In physics, the concepts become increasingly abstract
as the physicist attempts to formulate 1laws of ever-
increasing generality and to extend the domain of physical
knéwleaée farther and farther beyond that of immediate

perception. The pafallel development of this trend in

'epistemolgy exhibits itself in the analysis of concepts.

derived to an ever-q;eater degree from pure thought rather

. than sensory intuit;on. .Thus, epistemology receives a
¢ ’

o3
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tremendous iﬁpetus from theoretical physics insofar as
the progress of physics is a steady movémeﬁf towards
«6bjectivity. The Platonic distaste for the type of
knowledge to be gathered via the-untfustworthy medium of
the sense organs finds its modern day expression in a
physics that seéks to formulate frame-independent laws and
which relativizes the totality of all frame-dependent
observations derived from a single observer's experience.

At the level of epistemology this implies that theoretical

55

physics begins by concentrating on the internal relations

«

of order determined by the manner in  which the concepts

. are 'se;ected to the . exclusion of any real concern

. regarding the concrete application of such concepts. Pure
LS

fepistemology, ‘in Cassirer's view, 1is ‘'pure' precisely
Ibecause it relinquishes its attachment to the phenomenal
/;;certainty of theé world of empirical fact in order to
discover the 1logical and mathematical ce;tainty of

concepts ordered with respect to each other in‘ a

systematic fashion. 1In
he writes:

A lag a8 we remin wi the sphere of pure epistemclogy
ad conecern arselves with the presypositions amd validity of
the basic scientific concepts, the worTd of sensory intuition
ad penx;tﬁ:xisckthrﬂc:ﬂy\dxha:viavto;madsehyghaaa
cxoepts ad is evaluated as a phase preliminary to them.

There is a danger, however, implicit in the type of

idealistic philosephy which immerses itself so completely

in the contemplation of concepts that it 1oégs touch with,

}

(&<

o
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the immediate reality of the factually present. Critical
Idealism élways needs to remain in contact and to dialogue
with the very reality it criticizes; otherwise criticism
itself becomes just so much empty speech - the
"flatulence" of the nominalists. In assessing Cassirer's
allegiance to the ngo;Kantdan school of Critical Idealism,
William H.  Werkmeister ‘points out that, "Only oné
condition is.indispensable. The content of cognition must
be grounded in a unitary origin of thought,"4 and Cassirer
himself, while rejecting the 'copy' theory of Kknowledge,
sti{l recognizes thﬁ? it is ¥ital that the conneqtion
between thought and realiﬁy be maintained: "Fo;' thought
and reality dhght not mérely to correspond to each othé}

g ,
in some sense but must permeate each other."5

Einstein, who was also a well-known opponent gf- the
'‘copy' theory of knowledge, fgi%_ that somehow the
funhamental hypotheses of physics oﬁght to_be X "euo
suggested by £ﬁe world of experience it:swelf,"/6 but was at
a los to,say exactly how this process of suggestion
workég._ A possible solution to this problem may be found
inlCassirer's philosophy of symbolic forms, wlierein he
circumnavigates the dilemmas associated with the
traditional way of framing the question by gfgarding
concepts, "... no longer as passive images of something
éiven but as sfmbols cteated by the intellect itselr.n’

Again, it must be emphasized that, for Cassirer, the

.

7
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intgllect is an active agent, freely inventing and
-modifying the concepts necessary for the production of an
ordered' and systematic reality not inconsistent with the
reality known empirically throughhsensation. Thé symbols
employed by the intellect in the representation ‘ of
passively e#peri;hced ~reality are chosen for. their
heuristic value 'and their capacity for "'compressing. a
variety of Eszering expgriences into a single form as

. well as for t fidelity with which they éxpress the

phenomenal réality they purportedly represent;;jIn his
introductory note to .
Charles W. Hendel provides insight into Cassirer's meaning
when he makes the following remark: A‘
{ Cassirer is ready to include science as ane of the
"artificial® symboliams alany with language, art arfl myth. .
he ﬁdtdlhﬂmidxﬂmﬂz'thaxycf:smbms:hmsckmcea

of departire for the expisition of his awn general
theory™ in the present book. thile there are basic foms such

conoepts depad ypon the whole shﬁpume of the scientific
systam in which they are conceived.

When we once realize, with Cassirer, that each
.science achieves theoretical unity 'oniy by combining a
manifold of diverse phenomena according to its own
"special understanding and.fgymulatio£ of the concept of
reality,"9 then we are finally in a position to begin the
task of epistemoloqical'analysis. There is no-such thing

as a concept in vacuo. Every. concept is given meaning by

the structure of the scientific system surrounding it. The

//—/
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mind creates symbols in order to simplify and givé uni
to experiénce; and the very essence of ratio?ai thought :;
rooted in the ©possibility of ordering these symsgls
concebtually into symbolic formé. The symbolic .form -is not

,itself’a symbol, but ra§her a rule governing the manner in

which different symbols can be arranged in relation to

each other.’ Physics, as a particular science, thus
consti;dtes an extensive symbolic form .becausé, having
created a mﬁltitude of symbols.such as‘thg mass-point, the
rigid boay, and the péth of least resistance, ;hysics
proceeds to ennunciate the set of laws whose formulation
i ‘ the ggssult of’the pﬁysicy*t's ceaseless striving to
attain systematic unity.

it would be oné thing if the thesis that Cassirer is
setting forth were merely the child of his philosophical

daydreams or the speculative ramblings of an overly

fertile imagination, but }t is quite another fhiné when we

realize that these epistemological assertions regarding

the creative activity of the humar intellect are based as

‘much, if not more, on solid empirical evidence as theory.’

As Carl H. Hamburg comments in his article,  "Cassirer's

Conception of Philosophy":

The thesis, aoazdﬁ:ﬂy,thatthenﬁnd(Banzsuﬁnhcbhx)is
synbalically active in the astruction of all its universes

arguments. Instead of different fraom
ad requiring cognitive povers or sypericr to those
axessible , the thesis is as
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of cour;éf we know that, in general outline, Cassirer's
,poéition coincides not only with the observed _ N
p;ychological facts concerning perceStion an§ conéept
formation, but also. with the epistemology of Immanuel
Kant. It was Kant who first suggested the view of the mind
' as an active i}nthesiZer of concepts and this\\ideq was )
retained by the neo-Kantians, but Cassirer's true original
—_— .cOptribution is his decision to embhasize the functional
:\\; ) natugp of.the concepts created by the mind in his analysis’ '
' of thg process of knowing. | . ' _;
When welspeak about the functio%al nature . of th?
concabts that the mind creates, we‘ﬁére referring not

merely to the laws governing thought itself, 'but also to

.the ' internal 1law which confers systematic unity upon the

1

concepts. In his book, Ernst Cassirer: - Scientific -

Knowledge and the Concept of Man, séym?ur W. Itzkoff tells
us that, i“Caéairqr was insistent that the meaning of
écientific concééts could only be derived by - an \ y;
examinatioﬂ of the laws which ordered and interre%ated

their several parts."11

In other words, it-is Fhe‘ entire
system of scientific concepts in their mutual dependency -
that comprises the symbolic _ form which is the
epistemologiéql basis of a partiéuiar ééienCe. Thus, W{Eh' Q
" regard o phys}és for example, it is‘epiétemo}ogy‘s‘role
'to‘}nvpstiqaée and delineate the ‘fnndamental concqpté

y involved in the formation of a model such as Einstein's

M



relativity theory.. And itﬁishonlygafter epistemology has
completed the.arduous task of ‘repeating this investigation
for afl the scignces, taking each one as an internally

consistent whole, that philosophy is able to contempldte

. the even greater challenge of surveying the entire system

in its interrelatedness.

In his other book, entitled &imply, Ernst Cassirer,
Itzkoff summarizes Casé?rer's fundamental epistemological

stance in one brief sentence: "The search for structure is

12

inherent in thought."'“ Now, according to Cassirer, the

‘mode typically employed by thought in the search for

structure is symbolism. Cassirer even goes so far as to
say that the ancient characterization of man as animal
rationale ought to be modified to animal symbolicum:  and
in his An Essay op Man, we read: o

In langeege, in religion, in art, insn&:be{mm\cmmdoﬁo

more than to build up his own universe - a symkalic universe

that emables him to understand ard interpret, .to articulate.

and cm;rﬂig, to synthesize and universalize his' human’

experience.™ _ . .

EpistémOIOgy,“fherefore, cquld perhaps best be defined as

the analysis of the building blocks used by man in the ’

conétructiop ofr his "symbolic . universe";: but with this

ion - we never érasp the full meaning of any

the other symbols and also the symbolic form of which it

is a part. As was mentioned earlier14, neither the whole

nor the‘parts are fully comprehensible in isolation.

9
-

14 ’ - b

icular éfmpoi by itself, but always in its relation to
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It is difficult to say with precision* exactly . what
: ] )
Cassirer meant by the term "symbolic form". Afteér -all, his

. . philosophy of symbolic forms is contained in a three-

” .volume work, each volume of which exceeds three hundred
pages in its Bnglish 'translation. Fortuuately, however,
this ntask is made easier.-by the fact that we are here
attempting to focus on the philoséphical * implications of
° the theory of relativity.‘ Looked at in the coutext of one

particular scientific theory only, the's;hbolic form~‘is

- , - the. meta-theory constituted by the set of basic axioms or
undefined cpncept:' created in order to orient the
second&ry and’ tertiary concepts and to give a s?stematic
'.character to -the science as a' whole. The theory of °

o :

relativity happens to be particularly in ‘tune with

Cassirerfs' basic epistemological outlook because . it
: 2

represents a new plateau in ob)ectification. Einstein's

i

relativistic physics passes beyond the init1a1 stage of a
"naive realism" which concerns itself with things-in-

" themselves to a more profound functional understanding
£ - - :
which concentrates .on the relations obtaining between

_things rather than the things themselves. In Determinisnm

mLIndﬁsminism_in_nedem_zhmiss, Cassirer writes:

ri;mhrtnmndtypdmeﬁs:h\ke;ﬁng with its factual
sats up a law agnoeming phenarera more general than
hes till then been directly diserved; it is an attempt to
to gg arderliness even mre gereral | amd
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The Einsteinian hypothesis of space-time as a four- .

dimensional continuum allowed for a greater objectivity in-

bhysiésﬁin that the notion of an ‘aﬁsolute frame of

réferencé was discarded as unnecessary. (and even factually

Q

’ misleading, as tﬁg Michelson-Morley ether experimeht seems

KY %

‘to showj. The same empirical knowledge that we already.

“had could be deduced from a more general assumption aga\
" other physical. fa;ts such as the effect of gravity on
light rays icould also be accounted for. Thus, for
Cassirer, thé ?heory of relativity ig paradigmatic in thAt
it compresses the concepts of physics while at the same
time expanding our knowledge of the physIESl universel®.
What Einstein A;s accomplished is the creatiorr of a newer
and more powerful symbolic form And,' as a consequence, a
new stag; of objectificaé}bn is ' reached, Fme ‘the
epistemological point of yie@, tﬁislmeggs Fhat the systeﬁ
of relations obtaining-betweeA phy;ics' basic concepts has
been. simplified - simplified in orde; to apprqxfhaté
reality more closelyv/ As Felix Kaufman comments in ’his
article; "Cassirer's Theory of k;oyledge",’ the resulting
epistemological progress is not at the ‘cost tof lost
fidelity to reality as it is knowﬁ.empirfcaliy: .
E!:h’staga of dbjectification ‘isrqiasatGiWa‘spacific'
system of limuistic synbals. But' this fact mst not be

hn:mpnaadasjncnzmhzxct«xﬂbiﬁs (mbanings) by words, - as
' zadknlrtmﬁnlh§3\cnh;ymuait. : :

s
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Etnstein's own expressed fpistemological convictfgﬁs
1ndiéa e thet he .also is in complete agreement _with
OCaesirer on this point. Bven if reality ;can'only be
defined fuhctionally and never in substantial terms, the
object of Ta séientific theory ‘- is to explain empirlcal
reality,n as we know it through observation, “ever ore

fully. The new generalization 1is a |useless K?e if it

cannot aécom@iish this. Thus, in The Evolutlon of Physics
from Earlv Concepts to Relativity and Qdanta, Einstein and
Infeld write%‘ . " A

A method of generalization is not uniquely determined, for
there are usally mumeross ways of annpng it out.

requirement, however, mst be 1dgmmuxﬂy satisfied:
generalized

Great care should be _ taken; however; in dlstlngulshlng

between the notion of the truth of a scientific theory
), .

within which Cassirer and Einstein are d’eratlng and the

5

type of 'correspondence' theory of truth advocated-by
Bertrand Russell and others. Mere consistency with the

body of established knowledge, though important, is not

-

sﬁfficient. Cassirer requires that the additional
19

cniterion of systematic coherence must also be met

only must a theory be able to reconcile itself to the

Not'

Il
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facts/ of empirical reafity, but it must also demonstrate

internal consistency of concepts and, furthermore, ' the
. A . :

-very principles 'oﬁ empirical'pfocedure which ultimately-

~

> determine the meéaning and the nature of the !facts' must

- -
- . F— -
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also participate in the overall function of the theory.
.The discussion of the symbiotic relatiénsh}ﬁubetWeen
thgory is really ;oo broad tdL be treated properly here.
Initially, it may'seem that the distinction between thebry
,and fact is. ciear and unpréblematic: but upon closer

scrutiqy} we become aware that a major problem does exist.

., At one point in 'his Philosophy of Symbolic Forms, Cassirer

remarks that the poet, Goethe, has written that all fact

1

is in itself theoryzo. This is the key to understanding

_( the problem. What is a E?ct? Is a fact -a statement about

reality. that can be verified? A statement which every man

aéknowledqe to be tfue"if he knew the .fact -upon which it

was based? If we say that a fact is the former, we have

to ask what - verification is and,we have to conclude tﬁaf

'verification is only- poésible sﬁbjectiwely because the'

fhing—in-itself cannot .be known objectively. Thus, there

. can be no objectivity of scientific truth. If we say that

" arfact' is a statement which is absolutely true, we will be

forced to admit Jthat no statement apout measurement can
since all measurements are performed in
particular reference frames and no particulaf reference

~frame can be absolute.

. Admittedly, it is a.f%ypothesis, of relativity theory

that no reference frame is absolute, but th15~xs the

central hypothesis qf the Spécial Theory of ’ﬁelativity.'

a—
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What has to be‘femambered is that we are dealing with a

‘phydicai theory aimed at explaining motion, and the theory

does so by making all facts only relatively true., Thus,

fhgltheory expléins and even postulates the facts, and the

‘facts justify the theory. If it is objected that this

reasoning is circular, then the appareht problem of theory

arid fact presents itself; but the scientist points out

| that the problem is only apparent because he is advocating

his theory as a theory, and ﬁkeptiqs are invited_'go
observe their own facts and to agfge or disagree with the
theory's cénclusions as they please.‘ Thelreal problem of
theory ‘and fact, however, is not dismissed so easily.
While we would no;  wish to argue that‘-there is, meta-
pbysically, no substantiality to the objects of aur exp-

erience, we would also be disinclined to deny that, within

- a physical theory, the substantiality of the objects of
experience 1is ’‘irrelevant because the theory explains
- appearance. Thus, we have the paraaox of a theory about

f~‘ reality which explains appearance: modern physics!

Interesting as the problem of theory and fact may be,

and interesting as the closely connected problem of meas-

urement may also be, tﬁey.must be put aside for the time
being while we discuss the epistemological antecedents to

these problems. Cassirer maintains that thought arrives

~at its - fundamental (and thereforé, most univgrsal)

concepts without being limited by ‘experience and that it

¥
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is ,oﬁiy +after the wpgk of its essential epistemoiogical
formation has been completed that a scieﬁtific tnebry
resorts tb‘positivism and the empirical verification of
its conclusiqns. In cohtradistinction to Russell, however,
ﬁe also maintains that these fundamental concepts are man-
made symbols rather than independently éﬁiéting arche-
types. As Harold R. Smart puts it, ("Cassirer's’ Theory

of Mathematical Concepts"):

Aooording to Russell thought merely disoovers the subsisting
essonoes of this ideal, trams-empirical realy; whereas °
accarding to  Cassirer thoxght actively creates these
tﬁnmsaualthr;garzathgzﬁs<mn‘xrmdcutotjxsinuanﬂ.
Yesources.

The mind!s active role in creating concepts capabie
of imposing epistehblogical order on pﬁenomenal reality
has already been stressed. More importantly, the shift
with regard to the focus on KB function has alqp been
‘emphasized, - as Smart recognizes when he summarizes
Cassirer's basic epistemological thesis in five words: "To

. know is to relate. Iﬁ my view, this is the key to

understanding Cassirer. The cornerstone of not only Qis
.epiStemolbgy, ‘but also his whole philosophy, is what I
will call hig 'metéphysics'. Cassirer always insists on
uncovering the functional relationships implicit in
thought and, conséquehtly, his metaphysics is ag
metaphysics of function and not a traditional metaphysics
of substance. Epistemology always roots itself in a

metaphysics of some kind, but as we shall s;e, Cassirer's

metaphysics is quite unique.
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In the light of the well-known Kantian antipathy for

‘r“’ the disciéline of metaphysics and.of ?assirer's strong
, affiliation with the Marburg school of neo-Kantians, it
ﬁay‘ seem somewhat odd to meet with a chapter heéding
\ . éntitled, "éassirgr's Metaphysics"; .nevertheless, it is
‘hdped that, aside from arousing the reader's curiosity, .
- there may also be some intimations of a truth worth

as

- communicating in the title. Kant's objection _to
metaphfsics was baséd on the view that.it involved human
feason attempting to surpaés its inherent limits, for Kant
felt that the metqphfsical thing-in-itself would forever
be an enigma to hﬁman understanding. Noy} to say  that
Cassirer has a metaphysics is not to assert that Cassirer
disagreed with Kant on this point: rather we should argue
that, since Kant, the conception of what metaphysics can
be has changed. Kant sought to understand Plato petter
than Plato had undergtood himself, and in their turn, the
neo-Kantians sought to understand Kant better than he’ had

;- \ ‘ understood himself. Thus, Cassirer agrees with Kant

insofar as the thing-in-itself is to be interprete& as
oY suﬁstance, but he points the‘:ay.towards overcoming Kant's

‘ Qntimetaphysicalf bias when he begins to intérpret the
S' thing-in-itself functionally as a symbol and as a part in

-
-

AL
;



L ol P i L S
S .

'
[

a sysFem of relations that has;unity as a whole.

The moﬁement_ away from the’ .metaphysic mode of
thinking which Kant bégan.:culminated in the Logical
Positivism propounded by members 6f the Vienna Circle such
as Rudolf Carnap. Later on, the British philosopher, A.J..
Ayer took: such. an éxtreme position., that his book,
Language, Truth and Legic, AFtually serves ‘as a sort of.
'reductio ad aésufdum' for the antimetaphys}cal terldency.
‘For, when Ayer makes gtatements such ag, "... all meta-

physical assertions are nonsensical,"1

we become aware
that this position is itself ponsensical and‘we bebin to
wonder where the fld& in ‘such reasoning lies. In fact, the
back-to-metaphysics .rallying cry was sounded well before
Ayer wrote.hié book. In the 1920's, Mgrtin Heidegger was
actively proc;aiming a ﬁetaphysical reinterpretation‘ of
Kant and in'1938, Etienne Gilson wrote that, Twall philo-
sophical knowledge ultimatelf depends on metaphysics,"2
* while Einstein spoke of a "fear of metaphysics" that "has
come to be a maladf of contemporary empiricist philo-~
‘sophizing.“3 it metaphysics is interpreted as the set of:
all statement§ asserting unarguable proposifioné such as;
", .. the Absolute enters into, ‘buf is not capable of,

evolution and progress, "4

theh there does indeed seem to

be some validity to Ayer's contention, but ‘nothing'
] | .

prevents us from taking a broader view of what metaphysics

"can’ be. Thus, Cassirer's metaphféics is.a metaphysics of

i . ‘ . o " J .




function and far from being nonsensical or ‘beyond

criticism, his metéphysical assertions are both
intelligible and analyzable. In Ernst Cassirer: Scientific

Knowledge and the Concept of Man, Itzkoff writes: -
Instead of asking questions of substance or reality, as for
instance regarding space and time, the true critical amalysis
merely asks the finction of the varicus elements of the
knowledye situation.

The metaphysical 'object’, once regarded as the given
starting point from which scientific enquiry proceeds, ' is
now defined as a thing by the same law which defines all
otﬁer objects as things also. At the beginning, what the
object '‘really is' 1is irrelevant because . we are only
interested in the yﬁyw it relates to other objects. As
Cassirer says, "... the object is not treated as a given
fact but as a p:oblem; it serves as the goal of kno&ledge

not as its starting point."6

Thus, metaphysics being what
Aristotle termed ‘the science of first principles', the
individual thing in its individuality is not its true
subject matter and CcCassirer 1is correct in turning
metaphysice .away from the thing itself and towards the

principle exemplified by ‘the thing.- This means that we

.study what is geﬁeral about the thing rather than what is

unique about it, and furthermore, we study the thing never
in isolation, but aiways in the context of its relations
with other.things.. The principle is therefore extracted
wholly from the manifold of things and the only sense in
which the principle can be said to be derived from the

-
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particular thing is that the existence of the particular
is a gine gua non for the existence of the manifold.

Metqphysics has to start somewhere, but as soon as it does

. begin it seeks to negate the arbitrariness of its starting

"point through tne process of abstraction. Cassirer's

functional approach to metaphysits is well illustrated by
the following quotation:

But precisely totheemuntthm:ﬁntxnaptisfnndofau.
_ dﬁngdake bahg' its ;eaﬂiar ﬁxntknal dumaazm .is‘

that pendt us to squy a tdzu sadws of pxaﬂﬂe
determinations at a simgle glance. This trarsformation, this
dnmp:htoarnwfhnnoflqﬁaﬂlnyq cusdnnnsthereﬂ
positive achievement of abstraction.’ (enphasis added)

- In attempting to develop the implications of the type
of metaphysics found in Cassirer's philosophy, it |is
illustrative to contrast his ideas with those of Russell,

who is apparently still mired in the metaphysics of
substance and attribute. In Hmn_lsmlg_dgg_:_us_s_g_ép_e_am

is made manifest by the following remark:
- The notion qtatsﬁnnaasa;ngcnvh&dxt:ﬁmgpnﬁ&z&s
is repxyant, bt the theary that we hgwa ansidering
camct awoid its dbjectionable features
To be sure, Russell still seeks other solutions - without,

however, altering the basic ‘framework of his metaphysical

 thought; consequently, his theory of 'compresence' leaves

much to be desired. Interestingly enough,” both Russell and

Cassirer undertook to write major expositions of Leibniz's

' philosophy at formative times during their ”respective
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Limits, Russell's dissatisfaction with his own metaphysics _
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academic careers; but whereas Cassirer's subsequent

 philosophy reflects Leibniz's thought to a great extent,-

Russell can only say: -

than &ureaﬁuerage, and it would be false modesty to over-

' estimate what can still be learmed fram the of
ﬂraswstaath eighteerth and nineteenth centuries. ©
The above statement coupled with Russell's tentative

metaphysics contrasts shqxgay with Cassirer 8 deep respect
fpr the thinkers of the past and his elaborate and
systematic metaphysics of function. In Leibniz, Cassirer
finds exactly the basis he needs for the task of
constructing a post-Kantian metaphysics*. Thus; he
substitutes a thoroughly ‘modern, 'snd at thie same time
quite ancient, notion of substance as a principle of order
'for the pre-Socratic conception of substance 'as that which
underlics all material things. A perceptible evolution in
thought can be traced from Thales' idea that "all is
water"” to Anaximander's concept of thev apeiron, the
indefinite; but when Anaximenes returns to the original
view by aréning that air is the primary substance he falls
back into the fundamental metaph&sical fallacy of° trying
to identify the indefinite. The only way out is‘Leibniz's

--mﬁq---q-- - . e A e e

*Although Cassirer would probably never have referred to
his own philosophy in these terms, there is no reason to
_think that he would disagree with the general point being
"made here - especially in view of the fact that the term
'metaphygics' is being used in a very special sense.
N
L]
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of épproximatiiig true objectivity in his most abstract

72
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way - /lefine substance in terms of what it does rather
than what it is. This should not be taken to imply that
being is necessarily inccmprehenéible, ' rather it means
that the way of achieving an understanding of being is
through analysis of it in - its full complexity . and
essentidl orderliness. Cassirer explains: '

Henoe substance as fundamental farce is likened by leilniz to

the "universal mavber* of certain algetwaic sexies, the merber

that specifies the rule acoading to which the series

progreeses fram ane elanent to the next, while the * vatiga

foroe" carrespads to the particular members of the series.

Note, however, the fundamental: metaphysical

.assumption at work here; viz., that orderliness is

intrinsic to reality. Laplace, followingw Leibniz, elevated
the postulate of 7|trinsic order into thgvmost full-blown
determinism yet /created by human thought. In order for
Cassi’rer to avoid the pitfall of Laplacian determinélsm or
its complement, Aristotelian teleogy, he i'las to be
extremely cautious in defining order. On one hand, the
crux of his epistemology is the thesis that the human mind
creates and imposes order upon phenomenal rea&ity, and 'on
the other hand, the historical evolution of 1life forxt{s
reveals an order of an altogether different character. The
humanly created¢ concept of order is objective - that is,
in reality itself - only to the extent that m;an isﬁ?apapla

thought; but- the order made manifest by the historyhc':t

species is a subjective order of stfucture, a progressive

i
- .
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alsd an order created by man, but it differs from the

first kind of order in that it is a'lived experience

rather than an intellectual activity. Cassirer invokes the

_authority of Immanuel Kant to explain this idea more

fqllyf "
mmﬁu_@mmmmﬁatﬂmisrﬁ
antimry whatsocever between these two fom ¢f oxder in
kowledge, They camot contyadict each other because they
relate to’ ;mdﬂamrin<ﬁsthrt.ﬂkﬂdstnm:uustbaczueﬁﬂly
kept apert. Cawality has to ‘do with knowledge of the
dojective tenparal succession of events, the arder in change,

- wheteas the concept of purpose has to do with the structre of ¢
those enpirical dojects that are called living arganisms.

As long as the notion of causali;y is applied pureiy
in the domain of knowiédge, determinatgness is only a
principle boverniﬁb the érrangement of concepts. As long
as purpose is not attribut:z to non-sentient .reality,

teleology has nothing to, do with the science of physics.

only by keeping both of these provisos ' in mind is it

possible to "continue ' our analysis of the philosophicél
implications of Fhe theory of relativity. éonsider, for
instance, the vast amsunt of metaphysics thaf lies behind
Einstein's compact formula: E=mc?. Here, an equivalence

is established between the total energy and the total mass

reaiization of a purﬁose.- This secqu{type of order is .

73

of a physical s;stem. The new hypothesis gu;gested by

Einstein effects a revolution' in metaphysical thought

because the functiopal concept of energy replaces the
substantial concept of matter as the key feature of the

physical opject. As the role assigned to matter

le
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diminishes within the metaph'ysicalv picture, a number of
associated métaphysiqal problems also diminish in
importance. Thus, we notice that, on all sides, suppért

can be found for .. Cassirer's - metaphysical position.

e

Einstein writes:

Itttmafamameaxsmichblettatmyskalmalitymstba.
described in terms of cotinos factions in space. The
material point, dmm,mardlybam'mivadamam
the basic caoept of the thecxy. ‘

and .Rixssell also says: . | JIE ¢
It is energy, mot matter, that is fundamertal in physics. We
; d:mtdeﬁmemgyvenmlydiMMastoﬁn
changes in 1ts distribation. ,

) The metaphysics of function which Cassirer espouses
is completely .consisfent with his epistembiogy. - The
determinate éharact(er of scigntific thought is a logical
consequence of the finite numb;ar_ of ways in which the
basic concepts of science can be pem@ted and combined. At

the same time, each separate combination of éOncepts

4

entails a specific manner of relating the concepts. to each

other dnd to the system as a whole. Since each system of
concepts is a creation of the human intellect,. there-:is no
need to invoke the teleological‘ notion of purpose and no

need to represent the system as a copy of reality ‘'as it

really is'. Thus, matter may or may not exist,. but the

queétian of substantial being has lost its relevance for a’
métaphys:;cs concerned with function. The fact that

material <things can be viewed as pockets of highly
o : ” '
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concentrated energy makes a metaphysical ' description of

¥

" ‘reality into 'a mathématical prdblém rather than a series'
_ of ‘dogmatic assertions. Energy is itself defined as the

ability - to do work and work is d'eflined. in’terms of energy

! transfer;, but the cixfcuiarity hereﬂs not vicious because
the problem of being, has been recognized as insoluable
‘from the outset. Onde the focus is shifted from what

v

energy is to what energy dbes, we are free to enter into

the real metaphysical probleni of the ahalysis of the:

““conditions under which work (energy *ansfe’r) is possible.

75

Now work has one méani’ng for the physicist and quite °

another for the artist and still another for the

sociologist because all of them interpret work with regard

to their own disciplines. From the point of view of

o~

philosophy, however, work is not fully known by any of the
individual disciplines because, as Cassirer writes, "... a

philosophical critique seeks a rule governing the concrete
‘ w4 |

- diversity of the functions. of cognition."™, Jugt as

- L
.energy, gua substance, is undefinable, work, interpreted
as function from a multiplicity of different perspectives,
is only definable with reference to the perspective from

which~it is viewed. In order to achieve a°’ unified

understandiﬁg, therefore, it is-necessary to be aware of

—theé “motive according to which each perspecti\;e operates

and to find the abstract principle underlying each of its

concrete applications. Thus, each branch of knowledge
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assumes -a particular metaphysicé of function beculiar to

. itself, while philosophy probes in'sea;cﬁ of -a function&l v

unity ‘generalizable 'to all. Cassirer is well wo;th

LY

quoting on this point:

True, the\xﬁtycﬁlcbuhatp<zn1nolon;a:henadecznzdnand'
seametywnﬁhndngknwﬂe@p‘hmarlib;ﬁamsto a "sinple"

. camon.’ doject which i3 related to all these forms as the
transcendent prototype to the enpirical oopies. But instead,
a new task arises: uagaurnrthevankus!naninscmzxdern ’
with their diverse methodologies - with all “their
specificity and interdependence - into e system, whose
separate parts precisely . through their necessary diversity .
will -complarent and further cne ancther. This postulate of a
parely Arctional unity replaces the conoept of a wnity of
substance and oﬁgnn which lay at the cxre of the ancient

* conoept of being. - .

Having pointed out that CaSSirer's metaphysics does
not deal directly with the question of what energy is, ét
is also important to mention that he still doés address

himself to thé fundamental metaphysital proplem'u:‘ being.

The reader should bear in mind, however, that the answer

w

Cassirer gives to the question ' of ‘being is an answer
wholly determihed by his postulate of a purely functional
unity. Thus, dt. only makes sense to talk about the beiné

of energy: when we remember that energy is known oﬁly
4

;through= its self-manifestation as work. Nevertheless,

ehergy is not a pure concept created by human minds, it .is

reality unfolding as it actually does unfold. Cassirer

)

writes:

" erzgy‘sagnzpthelrelhecarn:u:iset&ctha. Here o
:mmeswtnlomnsbdmaa1usandthaﬁMmﬂxlthhg. ‘here.'ve
are yﬁyerinthereﬁhnatnnmetho;mm hutinthe:xnhn

> of being. .
P Y e '
- - ‘ \
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her words, the real thing is energy,\ acccording to

The process “of abstraction culminates rot so

¢ . much in the creation of- the concept of(energy, but in the

§L . discovery that energy is, "... a being that fulfills all
. .‘p ’ . . ] N
. the conditions of true and independent existence, since it
- A . a . -
+ ' is indestructible and eternai.“17._ o . -

» ]

We should not however,' misunderstand Cassirer's

B meaning here, for this point is a vital one. Energy is no .

’ S concrete thing, having a 'whatness' or 'quiddity': i€ is’
;» " the exact opposite.- EnergY’ is the '‘metaphysical fjrst
brinciple by means of which reality can' be ordered: but

,’; ', this statement can only be comprehended when we remember

that’ i& is & metaphysics of function, not of substance,

> \-with which we are dealing. Thus, Cassirer's metaphjsics
- ‘“ can never claim to be complete because the totality of
AN ) energy's functions is not yet known Having passed beyond

,the substantig} viewpoint which makes the object the mere
sum of its proﬂerties, we need to know not only how it is
that ;heee properties are unified inhthe thing, but also _ .
‘all of the relatione that obtein between the properties ///
comprising the thing and between the thing and other /,
thingm in order to uhderstand energy fully. Plainly, this ///
j;_ii imoossihle, but nevertheless‘it is a goal « for -human ¢
;:fh ' B knowledge to wor£ towards. Thus, Cassirer writes: _ K
‘ TR mhmmmmmmmgﬁnmmityot - :
oo e bt anmpe g
e mamWamm |

‘ : ' ‘..‘
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The similarity between . Cassirer's functional

= ﬁgtaphysics and the mathematical notion of a function is

no accident. A siﬁple mathematical function F(x) sets out
a unique rule by which the members of a definite series

can be determined. The function is nat itself a member of

-

¥ N 1
the series; it is the rule governing a set of ordered

{

pairs or, to express it another way, the simplest ﬁossible“§\

symbolic * representation of the ‘order intrinsic ;o the

‘series, In the same way, the description of physical

reality in terms of.energy functions is also the simplest

.
-
I

possible symbolic representation of the order intrinsic to’

<

ﬁ&aiity.- Once the rule given in the function is estab-
lished the Characterlzation of the individual things (the
memhers of the ﬁer;es) is a matter of manipulation of
métbematical symbols, Any value we choose can be assumed
for the unknown individual cember "x" and the function
will giﬁe us a corresponding value’ F(x) by reference to
which the garticglar nx" chosec can be compared, and coh-

trasted'with an infinity‘of other possible "x's".

Cassirer's metaphysics of function goes qAnd in hand

" with his epistemology as- expressed 'in Ing_zhilgggnnx_gﬂ

5xmhglig_£gxm§ The mathematical notion of serial ordering
provides a paradigm of connectedness of concepts and
logical ~simp1fcbty for all other branches of knowledge to-
strive to emulate;- but as the fundamental symboy&sms ot

other‘disciblines become increasingly rich in experiential

\
Y
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content, the determinateness which charagterizes the
mathematical function becomes increasingly difficult to
achieve. Nevertheless, Cassirer still stresses tﬁat a
functioeal approach should be taken in the analysis of the
different symbolic forms and Hhe demands precision amd

internal coherence even in the analysis of the concepts of
\

art and mythology. The realm ¢f possible experience is

indeed variegated and complex, but fruyitful insights stand

to be ga}ned from the study of the metaphysical backdrops

implied or presupposed in each and all of the fields of
human knowledge. - ‘.

There are two interrelated aspects of the ﬁroblem of
knowledge: on one hand, experience and eensation are

prerequisites for knowing; and, on the ether hand, the

/ ver& act of intellectualizing lived experience, ~which is

the essential core of the process of knowing, shapes and
limits possible experience. The question of the 'truth' of
what is known-is a function of the certainty with which it
is known, but experience can never'yield certalnty and
knowledge is in a ccnstant process of reformqlation'whllst

it remains in-dialogue with experience. But truth is not

"the correct * metaphysical question to be aéking, what we

really need to inquire about is the function of the

various elements af the knowledge situation and the role

of the symbolic form under consideration. The symbols that

man creates are his way of compressing.experience in order

<
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to extract its essence and ygt the symbols are suggested
by experience itself and are not completely - free
/ invenéions or pure fictions. A whole system of Qefin}tions
has to be evolved in order to allow for' the possibility of
\ knowledge, but the substantial underpinnings of this
’ system contiﬁually evade all analysis.'Thus, the sphere of
knowledge is. 1limited by the symbolségn'which !human beihgs
. are capable of expressing themselves. .
; ‘ Perhaps this explanation will be seen to be more
cogent ig we consider as an example the set of basic'
. concepts that made ‘it possible for Einstein ‘to achie&e a
higher thought synthesis in physics. Obviously, the full
implications of Einstein's theory of relativity 'are too
¥ broad a top;p for a study such as this, and in any case, ,
it.is not necessary to plungestoo deeply iqto physics when
the goal is not mastery of modern physics, but .
ghilosopﬁical reflection on“Einstgin's method. Thus, it
must ge possible to explore Cassirer's theory of oncept-
. formation .in science and to examine some of Einstein's
basic concepts without becoming overly technical. The best
way to appreciate the| true depth and breadth of Einstein's
’fhought is, of coErs , to enterafnto his ‘world and. to
o confront the probl mskthat he himself faced, but the true
purpdse of this endeavor is to test Cassirer's ideas and

\ to assess the viability .of his philosophical program. ‘

Thus, it is important to remember that we are not so much

P
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interested in the théofy of relativity's impact on modern .
physics as in»its implications for philosophy. The second
part of this essay constitutes an attempt to analyze the
, | basic concepts of space; time, matter and energy. The
full import of these concepts is not yet fully under;;ood
in physics and yet tﬁéy are tailored to the _specifically
physical problem. The task of éhilosophy, therefore, is
*  that much more difficult still because, in attemptiné to @&F
| integrate the physical perspective into a broader vigw, \ .
philosophy has to consider the problem from many different
angies. It is, ﬁdwevef, to be hoped that the broader view’
which philosophy takes and the synopsis th;t philosophy
achieves may enablg philosophy to participate meaningfully
in a dialogue with. science and to contribute new knsights

ey

and ideas. .-
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- \K ) //dﬂ//~///;;TPart I of this paper we dealt with Cassirer's

interpretation of scientific knowledge and we saw that, in
his view, the task confronting philqsophy,is to achieve
synEhesis and synopéis ana to situate scientific knowledge
Qithin the wider framework of human knowledge in general. -
Such a project requires a painstaking analysis of the
manner in which each science structures its concepts. Thg
| specific knowledge. claims advanced have to.be considered
both with regard to their systematic coherence and with
regard to their;-objgctive meaningfulness. Furthermore,
philosophy has a role to play in surveylng the knowledge : ‘
to be derived from a variety of different perspectiveé 80
that the neéessary allowance can be made fog ﬁhe. bias
inherent in each sciqﬁcels peculiar methodological
Prientation.” Einsteih'é theory oé relativity serves as an
excellent illustration of Céssirer's,bagic epistemological !
thesis because Einstein's new approach to‘the concepts of
space and time within physics implies a fundamental change
in the {;ethodolpgy of physics. The new meaning Einstein
ascribed to the 'f&cts' of physical reality harmonizes

with a philosophical view which emphasizes the functional



nature of scientific concepts and which sees knowing
1tself as a process(of relating concepts according to the
.fixed rules governing reason's legitimate sphere of
operation. Thus, by exploring the uses to which these
. concepts are put’ within physics, . we gain a deepsr
understanding not osly of fheirlgeneral scientific meaﬁing
'(whibh—~philosophy must necessarily presuppose), but also

of the inrner workings of the method of physics. .
' Inlorder to understand the significance of thetheory
of selativity properly it is necessary to go back to the
pre-Einsteinias view of space so that by becoming familiar
with the earlier view and its hidden presuppositions, we
- may fairly advance to the study of the mpdern view. Space,
- . like time,- is one of those cdncepts which everyone grasps
‘ initially with very little difficulty, but which becomes
psogressively more elusive the more we think about it. st.
Augustine expressed this general idea most clearly when he
said of tinme, "If no one asks me I know what it is. If I

wish ¢to explain it to him who asks me, I do not know."!
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* Fortunately, however, the method of physics allows fof‘

J , . .
provisiohal or operational definitions of concepts which

would be otherwise difficult to articulate. It  is

nevertheless true that a great dedl of metaphysical or,lat

definitions, but the advantage of this " method of
‘'  proceeding is that it allows us to.bypass preliminary

_consideratigns of the truth ‘or falsity of our axioms

¥
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any rate, philosophical, ‘thought 1lies behind these

)
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so thé} we can get on with the task of understanding

physical reality. As Han§ Reichenbach remarks:

The logical basis of the thecry of relativity is the disoovery
that mary statements vhich were regarded as Eapﬂﬂe of
damnﬁ:dﬂetzuﬂxarQhkﬁxy,anamze<rmhﬂxhzs.

Prior to the twentieth century, the dominant theory
of space and time was that upon which the edifice . of
Newtonian physics had been built. Newton was well aware of
the relativity of different kinds of motion And,'
accordingly, he felt that space had to ﬁe defined as an
absolute frame of reference in order to orgahize aﬁd make
sense of the various motions he observed. wiéﬁ ;pace at
rest, each motion could be related to space and, by
reference to sp;ce, to every other motion. Thus, a train
moving at sixty miles pef hour in one difection and a man
ruﬁning at ten miles per hour in the opposite direction
Eould be related to each other because the velocities of
both were in reference to an ;ssumedly immobile space.
Space itself had a status intermediate between.existence
and non-existence, but the'metaphysical problem of space
didn't ) deter Newton from producing a physics. of
;xceptional explanatory potential. What was important was
the concept of space as an absolute frame of reference. In
his~bobk, The Existence of Space and Time, Ian Higﬁkfuss

comments:



. sclientific discoveries in the late nineteenth and ‘early"

- -
»

Newton's system, however, broke down as new

<

twentieth centuries forced physicists to re-examine
Newtan's basic assumptions. In fact, Leibniz had ob%ected
to- thé theory of absolute space on philosophical grounds
at the very beginning, but support for Leibniz' position
really dgrew wheﬁ the weightﬁpf empirical evidence altered
the balance of the scales against®' Newton. Consider the
following remark by Leibniz:
‘As:ﬁ:rmycphﬂ&nf]:hm&a&ﬁdlmtethancmne,thﬁ:Ilrﬂds;noe
to be samething merely relative, as time is; that I hold it to

"ba. an cut; of coedsterces, as time is an ader of
suocessions. . .

In view of the failure of all attempts to detect the ether

85

(which could have provided -an alternative to the postulate °

of absolute.space) and of a growing body of results .sug-

.gesting that Newtonian physics was inadequate in dealing

with very high velocities and the motion of subatomic
particles, it was inevitable that a new éonceptualization

of space should be adopted. As Cassirer had foreseen in

his philosophy, scientific thought\moved away from the

. [}
idea of space as a substantial entity and scientists began

~ to take a purely functional approach. Heinrich Hertz had
N A

‘already taken the first step in andther context when he

equated Maxwell's electromagnetic theory of light to the
5

.system of Maxwell's differential equations™, and Einstein

vas to)takc the second step when he deprived space of all

Qo
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objective content. Interpreted in substantial terms, the
concept of space is void and meaningless; the whole
meaning of ‘'space' is now exh;osted by- the set. of
functional relations encompassing it. As Leibniz wrote in
the “Beventeenth century, "epace denotes, in terms of
possibility, an oroer of things which exist at the same

time, considered as existing together,"6 or as Einstein

puts it in the twentieth century::

According  to general relativity, the canoept of space detached
firan any physical cotent does not exist. The physical reality
of sace is represented by a field whose camponents are
catinous Anctias of fox; independent variables - the
coadimtes of space amd tine.

The mathematization of space is completely in accord
with Cassirer's general programn. in Einstein's hands,
‘space-time 15 nothing other than 'what the the
relativity needs it to be in order for the the gﬁf
remain consistent. Newtonian physics is not thereby
rendered/obsolete - it is only the hypothesis of absolute
space which is eliminated - but Einstein's genius consists
in showing that Newtonian physics does not.neéd this
hypothesis. Properly understood, Occam's rule of economy
of concépts means that where an explanation requiring
fever essumptions (articles of faith) is as satisfactory
as another explanation requiring additional assumﬁtions,
then the former ought to be preferred'; there is no need
to multiply hypothetical entities. Aocordingly, if there
is no need to assume that some ideal inertial system is

S o
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absolutely at rest (i.e., that absolute space exist), then
Wl
why make such an assumption? The substantial estiion of

what space is (or may be) is thereby avoided and the only

87

really meaningful issue ' is the question of function. .

Einstein's 'space' enables him to relate phyéical things
and events' to each other in such a way as to generate a
coheren£ and systematic phyqical theory. Beyond the
relationgl meaning of space necessary to the internal
consistency of the system Einstein speculates no further;
ox, if he does, he recognizes it as speculation. Thus
Hinckfuss writes:
Felatioral theories of space are not so mxch thearies of space

hutxzmheratﬁhnatknsctandeafthatalpngmanvhhix

per ge,
has as its aim the Eairtkn cﬁ sbmmmats oxceming space
could be suoessful ,

When one stops to think about it, the theory of

relativity is really not saying anything all that

" astounding or radically new. Although_ an observer who

' habitually gazed heavenwards on starry nights might easily

come to the conclusion that the stars move with respect to
‘space', it is not difficult to convince most people that,
in the sublunary sphere at laast, one's perception of

motion depends very huch on the way one isg situated. As

Russell comments in his ABC of Relativity:

But such things as differences in perspective, or differences of
aparert size, due to difference of distance, are dviausly not
anmﬂxtdﬂntoihechk:t 'ﬁrytﬁkngsdmthothapﬁnt of
view of the spectator. - Common sense eliminates these in judging
of drjects; Bwakslnstncngqthasam;mu:ssuudxﬂmﬂnr
hut the principle is the same.



In the pre-Copernican era, when it was thought that the

earth was fixed in the center of the universe, it was
reasonable to assumF that "a stationary observer on the
stationdry‘ﬁearth could make a completely objective
assessment of motion he perceived; but, now that it is
known that not only the eartq‘ but all bodies in the
universe are in motion, it would be unreasonable indeed éo
assume that perfect! objectivity was possible. The next
best thing, then, s the .theory of relativitf. We
recognize the arbitrariness of every particular point of
view and we seek to reconcile a&l differences with the
reflection that a uniform system of measurement will yield
results capable of being transformed in such a way as to
mean the same thing in any of the reference frames
available. There is no need to assume absdlute space in
order to make the results measured in one reference frame
iptelligible in another reference frame; weé now possess
the'mathematical techniques-: necessary ‘to make such an
assumption superfluous. In William H. Werkmeisfer's words:
The cld idea of a unitary time and a unitary space has been

abardmed, hut its place has been taken by a ae-to-one
amznhnqﬂn of space~time values- in empirically different
systems. ‘

Here, we pauée to draw a distipction between the
' A
"special” and "General" theories of relativity. The
"special Theory" dealt with non-accelerating frames of

reference only, but the "General Theory" goes one step

>
n

—— ,
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further in also accounting for the possibility of accél—
erating reference frames. The most important thing that
the Special Tﬁeory\must do is to articulate laws of nature
which are invariant regardless of all particular non-
accelerating reference frames. The Lorentz transformation
makes it possible to synthesize the meaning of data gath-
ered in different reference frames, but the laws governing

the arrangement of this data must be the 'same in all

.

reference frames. As Russell writes: '

The laws of phencmena shauld be the same whether the phencmera
are described as they appear to ane dosexrver or as they appear

Eésentially, Einstein does -‘not formulate new laws of

motion; he merely reformulates those of Newton within the
new context of a four-dimensional space-time continuuﬁ: At
first glance, this may not appear to be a very significant
change, but when we reflect that it took Einstein eleven
years to set out thé "General Theory of Relatiéity“"after

he first published the "Special Theory™ in 1905, we

realize that the battle to retain and reformulate Newton's

. \ '

v
t

laws was not easily won.

i

The merger of the concepts of space and time into

- Einsteinian 'spac?-time' was challenging enough on a

89

mathematical level but it was even more difficult on a

philosophical 1level.

conceptually to think in terms of ‘'world-lines' composed

o
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Whilst it isn't very difficult
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of 'events' that can be described mathematically as points

in a four-dimensional co-ordinate system, - it doee require

.a more disciplined intellectual approach to move from a

physics based on the idea of time as an independent vari-

able to a physics which incorporates time into the rela-
tional structure of space. In relatlvistic pnysics,\ the

space-time manifold actually assumes an active role and

. what is important about this shift in _scientific thinking

is that it allows for a radically new idea of motion

whereby space-time is participant and not spectator. On an

epistemological level, this corresponds to.an equally rad-.

ical conceptual shift because it becomes apparent that
only a dynamic understanding of reality as a systen?tic
unity can now be considered philosophically adequate.‘

In his book, The Philosophical Impdct of Contemporarv

o

Physjics, ~Milic Capek stresses that ‘the )dynanization oﬁ
space should not be misconstrued as the spatialization of

timel?. wWhat Einstein has accomplished is to interpret the

mathematics of a four-dimensional space-time in such a way

4
b

as to harmonize 'with the facts of everyday, ‘irical,

physical reality. Space has been dynamized in the sense

that .it is now regarded as participating in motion, but’

although the passage of time will be ‘measured differently
according to the velocities of the reference frames in

which the measurements are taken, time has not been

90
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spatialized. Thus, the paradoxes aesoc;ated with tine

.

’-A—\
- - b




e

L

travel remain a subject \fbr playful }ﬂﬁlosbphical
speculatio? and science fiction stories.

Einstein's 'space-time' is a guréi; conceptual eprder-
ing of events. It is meaningless to speak of moving either
forwards or backwards in time ;because space-time is

nothing other than the manner in which the universe

» a . ¥

is currently ordered. At any given \instant we can
cénceptually"stop the universe' to look more closely";E
the precise distribution of métter/energy momentarily
constituting spacé-time( \bﬁt the static model is now
recognized as a pure thought-construction. lthe‘material

bodies that comprise the physical universe are represented

conceptually in a compleéx system of relations and space-

' time is the whole system conceived of as an irreducible

ey

unity. Note the congruity betwéden this wview ~and that
expressed by Cassirer in Substance and Function:

Space is by no means a static vessel and: oatainer into which - g
ready-made "things" are pomred; it is rather a sum of ideal S
firctions, ﬂqucnmﬂemntanidmznmne<reaunﬁnrtofbnna

unified result. . /

I3

It is evident that the above—stated viey of 'spacg-
time accords so well with Cassirer's epistemological

outlook because it expllcxtly assumes a relational vxew Qf

)

scientific knowledge, but what 1nh\rests Capek, however,

is the physical impllcatlons of the ‘'dynamization of

W
-

space"'. GraQity is no longer attributed only to the bodies

occupying space, gravify has become a property: of space

~ . s
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itself. Conceived of as a field, sﬁ%ce-tfﬁe is 'curved' in
régions of -high gravitational force, and given the
tgpdency of light (and all bodles, in general) to follow

the path df 1east resistance (which coincides with the
A

geodesic in this case), space becomes dynamic in that it

-

.is the cause ~of mption. Whether space, or- more aptly

'gpace-time', 1is the ultimate’ cause of motion, or the
C .
final cause as Aristotle would have it, is another ques-

tion entirely, but space is certainly an effective cause.
"

Objects whlch are mov1nq &n space follow the prec1se paths

o

they take through a sort of universal cosmic laziness;

b

N
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gravity is merely anpther way of .saying that it is easier .

to bend with the curvature of space than to fight against

-it.

What was- formerly explained as a consequence of the
gravitag}onai attracgion of neighbouring bodies is now

conceived of as the natural result of space-time's local

topography. ‘Thus, saéﬂfag‘ as empiricism is concerned,

.

. gravity (theXRefore space-time) is a cause of. ﬁotion; as
. :

far as knowledge .iS concerned, ép@ce-time 'is the rule gdov-

erning motion. ' In the mathematics of spacer-time, a motion.

is simply a process whereby a physical objeét endures for
) N ’ R K
an interval. The interva}’can be "time-like',.'spaée-liket

>
or 'light-like'. A 'time-like' interval is one in which
the- time part“af the interval dominates éver the space

part, a ‘'space- -like! interval is one where the space part

o Rl



’

€

‘
.+ N [}

. ¥

- -

} s
dominates over the time part, and a 'light-like' interval

is one in which the time part equals, the space}pqytl4. In
all cases, however, physics consider§ motion. purely as a

-

change in'space-time co-ordinates. Thus, Cassirer sums up
the situq&iii—/?uite succinctly when he writes: -
' Mmia;intmetnbmxsﬂ.ﬁﬁetifk:sasqusrnﬂﬁngbm:a' ’
nﬂatkn.htovhﬂilqnaaanithmaaﬁnf. .
- , ) . » , e
" Along with his insightful analysis of the

: . W2 ' .
dynamization of space, Capek also makes remarks concerning

1

the so-called 'relativity of \simultaneity'. For, the -

theory of relativity introduces not only the notion of the
relativity of reference frames, but also the relativity of

. . v ) .
simultaneity. As ‘Capek says, "...absolute space and

-

"absolute simultaneity imply each dther: the denial of, one

(4

implieé/‘the denial of the other."'®

formerly been taken for granted that two events which an
obse&ver ‘perceives at the same time must also have
accurred simultaneousiy, the theory of rglativity now
castig doubt on this common-sense inference. Perhaps the
time taken for the knowledge of the occurrence of the

events "to reach our perceiving apparatus is different.

Thus, 1if a star should explode at a distance of exactly

ten 1light years away from us and we weré to perceive the’

explosion at the exact time that the bell in the square
chimed/ for midnight, we would be mistaken in inferring

that {the two events occured simultaneously because in

©
* )

Whereas it had'
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actual fact they are separated by a time interval of ten
years. To a differently stationed opserver, the two events
would not appear to be simultaneous at all, and the same
" is true of ahy two events océurring‘in different regions:
'sohe'observers wiil say that the events are simultaneous,
some Qill“say that A happened before B, and some will say
that B Happened before A. Not only is simqltaneity
relatix}zed, but succession (though noﬁ causation) is also
made to d?pend ‘on the obégrver‘s frame of reference.

Finding "a solution to the problem of causation is an
éssential prerequisite of ;ny scientific theory. If event

A is to be ‘the cause of event B, then logic dictates that

there must be a corresponding order of succession between

™~
t

the two events - i.e., event A must always occur before
event B or, ~’a 'time-~like' interval must separate the
events. In point of fact, this logic errs in not‘recogniz~
ing that cause and effect might also be simultaneous, but
at any rate, the general point is that effect can Inever
preée@e cause. Now, suppose that in the previously given
'exaﬁple, the bell in the square is equipped with a special
mechanism which will make it chime when the light from the
explodiné star hits it. Is it possible for the effect
(i.e., the bell chiming) to ever precede the cause (i.e.,
the star exploding)? If it possible for the two events to

be perceived as simultaneous? The answers are: no, be-

cause the bell can only ring when the light strikes it and
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. no known physical cause can travel faster than light; and
-no, because there wjll inevitably be a delay iﬁ the trans;
mission of the impulée received from the light ray to the
mechanism which rings the bell.‘ An observer with ideal
measuring instrume?ts would infallibly note the occurrence
of the causé before the effect. An uninstructed observer
might have a distorted perception of cause and gffect iﬁ
the sense that‘he might fail to connect a cause‘fen light
years away with an effecg in his immediate neighbourhood,
but this is another ;roblem.

The relativity of simultaneity addfesses a different
question than cause and effect. Aéélyzed in terms of caus-
ation, every event has an"absoLg?e past! (its causes) and
an 'ab§olute future' (its effects), but events which occur
in different regions of éhe universe and are causally

unconnected are a problem. Suppose the bell (without its

photoelectric mechanism) chimes an hour earlier at 11:00

95

pm. An observer on edrth will now think that the bell has'

chimed before the star exploded, but an observer one ligﬁt
year away from the earth and one light year closer to the
star will think that the star has exploded long before the
bell chimes. Whose perception will be correct? We can only
say one b{ the other if we imagine an ideal reference
frame as a standard of comparison, but this is precisely
what the theory of relativity asks us not to do. What we

must do is to say that both observers are correct within
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their own time frémes apd that a third observer stationed
' at the exact approgriate placé would also be correct in
thinking that tﬁe two events were simultaneous. Within ;he
theory of relativity the analysis_of simultaneity leads to
the conclusion th?t it is® relative and to thé_ further
conclusion that ‘'before' and 'after' are also relative in

’
all cases where events are not causally connected (i.e.,

where the interval between the events is 'space-likef
rather than ‘'time-like'). For all practicél intents and
purposes, however, all of these concepts make perfect

sense to a fellow earth inhabitant because the differences

26~

. between any two people's reference frames is so infinit-

esimally small relative to the size of the universe, that

el

no Lorentz-transformation has to be applied in order to

s .
regularize our perceptions. Simultaneity being the most

L
precise of the three concepts (before, after, at the same

’

time), it is possible that earth observers stationed far

énough apart might disagree over their interpretations of
" seemingly simultaneous events, but this js merely a
clue which helped Einstein conﬁeive of his theory, not a
skeptical arguﬁent against the trustworthiness .of our
senses. The only real simultaneity is when cause coinéides
absolutely with éffect, as when thougﬁg ﬁoves:. and the
only real 'before' and ‘after' are the past and the futur?

of the universe regardedk'from the ideal standpoint of

history.
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< While we recognize the truth of Cassirer's'assertioh ’

f
that "...there is no f1e1d of phllosophy or theoretical

,knowlédé@hlnto which the problem of space does not in some

*
way enter and into which it is not interwoven in.one way

or another,"17

purpose of this discussion is to analyze the concepts of

space and time as phyiical concepts. The questions of

'dausality, and ' historical knowledge are tangentially
« . / '

related to the present consideration but: the/ principal

focus’ of this ' study is Cassirer's .interpretation of

we also have té bearx in mind. that the

scientific knowledge and the nature of that Kknowledge ,

itself. We have seen that the theory of/space and time.

implied by Elnsteln s relat1v1ty is completely compatible g

with modern ‘'philosophy and there can be no doubt that

"Einstein's marvellous physical ! intﬁitions further

epistemological analysis in all fieldé. It is primarily

~when we think on'an interstellar or 'subatomic scale that

the theory of relativity really .applies, but history
reveals that thHe greatest thinkers have been those who

were able to turn their attention to the incalculably vast
-~ . . -

—

or the infinitesima1ly small. The consideration*éf the

extremes 'is often the best way to understand the mean as

’

Aristotle has demonstrated.

.4
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The consideration of space and time'takes_us directly

into the next tdpic; which is the view of matter and

-

energy set out\by the theory of relativity. It is truly

amazing ‘to reflect that the choice of. the geometry

14

ém%loyed by the phygiqist‘ can have such: radical.

o

~‘consequences for the physical theory evolved, but this is

becaqse it is’ so difficult to Trid ourselves- of the

[N

substantial concept of space as /g phiﬁg. It cannot be

- stressed often enough that Einsteinian space-time is a

‘pure system of functional relations and 'that it has no

1)

thing-like status of its own. The equation“E=mc2 follows

as a theore@ of Einstéin's' physics ‘as surely as the
Pythagorean theoren follows ) from simple\ Euclidean
geometry*, Once‘the ramifications of a conception Whiqh
makes space into a pure field of forces are fully‘wo;ked

out, we realize fhat ndt only space but also matter has

been defined in terms of function. The iink-between matter

and space is therefore on an epistemological level rather

_ than anything else, for as Capek writes, . referring to the

s,

+ T
7 [N

*See From Pythagoras to Einstein, , by K.O. Friedrichs for
the _mathematical proof, of,the derivation of Einstein's
E=mc™ from Pythagoras' c“= a“ + b“.

0
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so-called 'curvature of space':
It is wroyg to say that mtter "cases" the ocnespcniirq
" axvabure in space, as is sametimes vaguely suggested, for
there is mo relation of causality between mtter aad d local
warping of space. The relation is e ofidmtity:naiftei‘arﬁ
- local anxvature of space are ane ard the same reatity.
Just as space ig the set of relations obtaining
amongst the things 'in' it, matter is the way space
behaves in a localized region. In other words, the very

things' that comprise physical reality are, for the
s o

purposes of fnodern physics, nothing more than parame_gteré
.or l’imiting factors whose role consists in conneéting the
mathematics of theoretical, physics with our system of.
empiricai measufem‘ents. As William Werkmeister observes:.
Mass, however, | is an indispensable factar in all caloulations
throgh which the principles’ of pre mechanics are:
ties the equations to phiysical "reality*'.
Thougr}t of in abst;act terms, a mass is .merelf a coherent
b/ody of matter in spac\e': but physics immediately conceives
of '+ mass as. functional so .that, from a physical
pe‘rspec%iv'e, we spea?c of inertial mass or grav'i‘ta,\tional
mass. Prior to Einstein ,' ‘(:.hese_ concepts were thought €0 be-
regulated, by ‘diffe‘rent laws, . but in achieving a higher
synthesis, the"i;.heéry of rel_ati\;ity brought both inertial
mass ‘and gravitational mass under the san;e, law.
There is no need to delve into the manner in"which
this synthesis was achieved at preien‘t: the more pressing

concern is our exploration of the idea of mass as.a

physical quantification of matter. Mass is that. _physical

99
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concept which allows for the"reQUctiqn 9f a material thing
(a substanée) in;é a functional relation (a specific
number of units in a system that correlates u;its). The
meaning of the 7units - be they kilograms, pounds or
anything else - is determin;d by referénce to an arbitrary
étandar;: the number gives the thing its position in " a
mathematically ordered™series. 'Thus, the upknowable and
substantial thing-in-itself is related to the totality of
other things through the determination of its mass. of

course, this is not the only way of relating the thing to

- other things, but for physics mass is extremely. important

since it translates into épérgy.

¢
i

In fact, "in physics matter has no other meaning than

energy. Einstein remarks that, "“The quantity of !ggat
able to conveft thirty thousand tons of water into
éteam would weigh about one gram."3 Think what it nmeans,
therefore, for a man to consume a 16 oz (4549) steqk in a

—_—

single sitting. It is enough energy to hurl a boulder into

orbit! Now, 1leaving aside the obvious point that the

P

‘matter composing a steak is not pPutonium and that the

human digestive system 1is not a nuclear reactor, the
general implication is clear enough: matter can be
conceived of as enprmous‘quantities of energy abiding in a
relatively stable state. Furthgrmorg;‘ matter obeys the
same laws as those obeyed” by énergy. The ~ law of

congservation of mass is made redundant by the law of

3

-,
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conservation of energy. If the 'principle of equivalence'

101

- is correct (i.e., if gravitational mass\is_ équivélent to

>

-
b1

inertial mass), then the mass of a body can always be

described in terms of fhe,gravitational field it generates
or in terms of its reaction to the gravitational fiplds
generated by other bodiéé. Even light, which was formerly
regarded as 'pure' energy, is now subsumed unéer the cate-
gory of things affected by Qravity and, indeed, all forms
6f energy obey the universal law of gravitation. For, as
Einstein and 1Infeld say, "Energy was régarded as
weightless for so 1long Simply because the mass which it

4

- ~ , ¥
represents is so small." We should be careful to note,

however, that weight (as opposed to mass) is not a

”pf%perty intrinsic to matter: itself, but a relational

concept which variés depending’ on the strength of the
gravitational field the body happens to be occupying.
Thus, while the rest mass of a photon is “zero, it neyer*
'thelessrhas weight in the sense that it is sﬁbject to the

influences of gravitational fields.

-

Mass is a fundamental congept in that it allows for
the quantification of matter so that physical laws can be
represented in mathematical form. Furtherqgge, mass can

¢onceptually be converted into energy according to the

formula E=nc2,. and this allows for even greater mathemat-

ical ' precision insofar as the fig}d theory is superior

to mechanical models in many feépects. It might be

i)
-
'
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objected that energy could equaliy well be qoﬁceived'of as
the substance of a field, and that, ther:efore,~ no meta-
physical progress has been made. But this argument misses
fhe peint. Even if the field theory does not permit us to
evade the  metaphysical dilemma regarding the wultimate
—-tgtuff' of which reality is composed, it does advancé our
enquiry by illuminating the fundamentally complementary
nature of\zsubstance as energy-matter. The facﬁ that an
equivalence has néw_ggen established between matter and

energy means that a functional metaphysics can now

integrate a wider range of phenomena into a unified theory

>
i

of being. . ' g
The transqutability of matter into energy’ dées not
appear to be reciprocal, however. This is what scientists
refer to whep they speak about the irreversibility éf
physical processes or the possible'eVentual entropy death
: ' of tge universe. Alternate theories have been advanced in
‘order to explain this irreversibilty, but none are very
satisfactory philosophically. It seems evident frém a
historical standpoint that past events are irreversible;
but whether all the,m%tter in éhe universe will eventually
be converted into enérgy and spent as work in attaining a
universal heat equilibrium is anotHer question. Two
assumptions are at work here: Firstly, it is assumed that
theory which holds that all matter is possibly convertible

into energy is fully justifiéd by empirical reality; and




secénd%y, "it is assumed that matter is not essentially
different from en;}gy in some respect (perhaps in respect
of the fact that m;tter characteristica%ly has form,
‘perggps in some other respect also). It is here that we
‘have to remember that we are deélin& with a physical
theory designed with a-particular motive and not with a
metaphysical exélanation of the nature of the universe
couched in terms of the ﬁew wonder-substance, energy. On
the one hand, Einstein and Inféld admit that tﬁe attempt
to ‘formulate a pure field physigs has not yet been
successful and‘ﬁhat the concep£ of matter is still a
necessary concepts: and on the other ‘hand, Cassirer
recognizes that substance is also a necessary concept for
empirical knowledge6 even hough he drives towards a
completely functional interpretation of substance in his.
metaphysics and his epistemology.

.

What is important is that, from a ‘physical
standpoint, energy behaves 1like matter7. We are nof
c?ncerned Iwith & static system of mass-points, we are
dealing Yith a dynamic universe of ‘'events'. The energy
field is a function of the electromagnetic and
gravitational fields exerted by the matter composing
physical reality. Events are motions, not with respect to
the field, but of the field in the sense that the field.
function varies with the motion of the elements of the

it

field. The metaphysical understanding of a succession of

4
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events (ad"world-lineb ) as méfter enduring throughout a

e
‘time interval (or as a. being beﬁng) is not wuseful to

-

physics insof&r as it fails to eliminate the substantial

«

'hotion of. the thing. As Einstein writes, "Considered

1ogiéally," the concepts of space, time.and event are

104

"free creations of the”Ruman mind."9 The physical pe{QSZES

tive is-eminsnply pragmati@: A concept must be useful or
elsd it\isldiscard;d. Accordingly, eveﬁts are the behav-
iour of matter, or‘alternatiVEIQ and because it is easier
to describe in mathematica}.terms, the fluctuafions of the
eneréy field.u Whethef_wé desc;ibe the thing‘as a "string

10

of eQentg," as Russell does™ ", or whether we speak of the

energy density of the field in localized ‘regions as Ein-

" o
stein does, we are adopting Cassirer's fundamental method

. :
in respect of the material 'thing - we are "understanding
" 11 '

_and evaluating it as a concept." s 2 -

The transmufability of matter into energy in.thSical_

theory is' at an epistemological . level because | the

physicist wishes to integrate both asbecté of phenomenal

reality into the ‘same set of mathematical equations. The
. h O * ‘

law governing the distribdtion of mass-points in space is

replaced by a functional analysis of ‘the distribution . of

energy in the field.,That the analysis of reality in terms

4

\«\ - )
of energy ~functions should -lead to more refined laws of

—

even greater generality than Newton's laws is an essential

prerequisite for the acceptance " of the thed;y of

@

)
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_relativity; but this condition is met, for the'tuéorf-of

‘'relativity is a more generally applicable theory and,

consequently, Newtonian physics becomes a Iimiting case.

I

In £he words of Einstein and Infeld, "any generalized

concept must reduce to the original one when the original

12 With respect to the 'limiting

- !

conditions are fulfilled."
case', Einsﬁﬁfn writes:

No fairer destiny c:ukibe;ﬂhﬁizd'uaany;rwsmzl theary,
than that it should of “itself point. ait the way to the

introduction ofannqqupnmasnmzﬂrnqrn1ﬂﬁd1xtlnms
m as a liriting case.

it is granted that a unlfled field theory has not yet"

been achieved and that not everythlng can be explalned in

terms of energy functlons, but this does not mean that .the
r

theory 1s wrong; it is better to say that physical theory

is 1qcomp1ete. One expl&nation for theory's imadequacy is

Niels Bohr's "complementarit&“, another is that physics
. . i

awaits a new conceptual breakthrough; biit in any case it

s a4 o . . . . . . '
is clear .that 'Cassirer's .basic idea is being realized:.

@x
¢

physical theory is striving to find laws ’'capable of

ordering observable ph&sical reality on a conceptual

level. As Cassirer writes:
1 ) ,\i ,‘ -
Thecxmoqudeh vhich he (the ' ghysicist) operates, the
oxcepts of ' space ard time, of mass and farce, of material
point and energy, of the atan or the ether, are free
- » "fictions". Qognition devises them in ardex;, to domirate the .
wuﬁkioiferxmyen;anenxaanisany1tasa: world ardered
. by law. amrlnxxtn:n

Bohr's "complementarity"\deserves some exg;aining but
\ - t /’

_we will only discuss it in a - cursory manner at present

¥
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since a full analysis of the topic \wduld piuhge us into .

; the debate about quantum theory and the nature of lighté
Stated in an oversimplified form, the theory of comple-

. menta;ity amounts to an assertion‘that the ‘explanation of

phenomenal reality ;s only possible in odﬁlistic terms ‘and '
’that a§hnecessary inexactitude must always prevail in our
description. Thus, the concept of matter is not made .
entirely redundant by that of energy, nor is the cohcept
of substance made useless by function. The equation E=mc
does. not purport to do this. It merely states that, for
very special purposesT~ quantities of matter can equally
well Dbe descrlbed as quantltles of energy. Bohr's
‘, complementarity’ asserts that both descriptions’ eré
meaningful and this assertion is not in Gonflict with ' the .’
Einsteinian attempt to formulate a theory wh1ch seeks to
- ”work within a unified perspective as much as p0551b1e The
relativity of all reference frames does not clash with the
theory of the field because relat1v1ty is always the last ¢
word in the interpretatlon of 'events' within the fleld"
(Bécordinqu, it is recognized that no single perspective N
can ever be absolutized, but it 1is also clear that a
' general perspective ceh only be generated through the
* close analysis of individual'perspectQVes. - ~\\*\
ﬁﬁnergy is a more useful concept than matter in'that
it can more readily be subsumed under a mathematical 1law.

As Max Von Laue writes in his article, Mon the Structure

v
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of Our Universe", (Albert Einstein: Philosopher-Scientist,

The Library of Living Philosophers, Volume VII): " "The

concept of mass, formerly a basic concept of physics and a

' a
measure for the quantity of mattex as such, .is demoted to
g L}

15 ‘ '

a secondary role." Since energy;is also, conceptually, a

measure for-the quantity of 'matter, it allows for the

formﬁlation of a more .general {mathematical 1law.  The

attainment of the more general mathematical -law is the

i

whole reason for the theory of relativity's success as a

physical theory. We could equally describe energy in terms
. ‘ - A

of matter, but this desciption would”¥®g. allow us  to
éscape\ the mecpaAistic . interpretation of reality and to
leave behind the concept of a force acting at a distaﬁce.
There is ,,no ‘empty space' = between bodies wﬁose
gravitationalaand electromagnetic fields.are ' interacting.
The meéfhm of the +transmission of the once mysterious
'force' ié the field itself and the' force is .an energy
functién arrived at by asseésing local disturbances or

fluctuations of ¢the field. It 1is admitted that fhé

concepts of matter and energy are, in the final analysis,

as mysterious as . the concept of ° force, = but the

[] &‘ ! ba * ’ b \ [ » ) ’ . N
epistemological improvement consists 1in the increased

parsimoﬁy of concépts and the, recognition that these

concepts are created because they are helpful and because

‘they lend coherence- to the scientific -théory and not

because théy literally represent real things. 'Force' is

-4
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no longer necessary because éhe description of reality in
terms of energy functions makes the field (or perhaps
more accurately, the fields - electromagnetic and
gravitational) the explanation of'ﬁotioﬁ.'

This point needs to be made clearly: The concept, of
force:- is not rendered obsolete by that of energy, Sut its
role is transformed. The ghost which formerly inhabited
the materialist macﬁine now .inhabits the universé of

vibrations. The universe of vibrations is a more

e

"mathematically elegant reality than the machine, but its

most basic presupposition is in‘ common : somethin? moves
the parts gf the universe. Both the mechénica} viewﬁoint
and the energeticist viewpoinf reject at the outset the
idea that motion could be an illusion. ;;ings appear to

move therefore they move. Intuition has to be trusted at

least this far; but the reasoning physicist does not stop

“here. Things also have to be intuited - things do exist

independently of their perceivers. | The things may be
intrinsically unknowable by their perceivers and there may
be all sorts of illusions about the things caused by

insensitivity ., in the perceiving apparatus being employed,

but the things do exist. They are made of matter and they

generate space in the form of a field of energy functions.
Motion gives us time,  and accordingly, physics works in
. '

space-time relying on its axiomatic metaphysical base. The

whole explanation is very neat, but it deserves to be

1
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remembered that physics is: a theory that the physicist
creqyes and that tfie reality which physics is an
1nterpretatlon of is a realltyu mediated through the

h A\
senses. This is why Cassirer writes:

The n&ﬂ;ty of the ;hwncua: stands owa:aniagausttha

'uaenmxss<xztanxrenniar;cfnaguhxkaanineaame,Sgﬁmdn
functional coordinations amd’ depérdencies of phenamera.’,

The discussion of the concepts of energy and matter
hits rock bottom when it becomes aware that\ they are.
intellectual symbols. The #substantial question is\left
unanswered but the question of functigk becones _more
pressing. What 1is happening? How. does the universe
function? Thé physicist - speaks of matter, energy and
motion. He cajoles rea%ity inté obeying his physical laws
and he explains reality in terms of "this same law.:
Naturally, Treality does not always obey, nor is|it always

explainable. This is a problem for physics, but/ it is not

an insﬁrmountablé//one. The physicigt recognizes the
arbitrariness of his enterprise but he can also/ point ¢td
the statistical verification of his laws. | Even’ the
stﬁtistical_falsification ofwailaw is useful i that .thé
old law‘s/ demise may pave th; way to the new law's
asceﬁdance. The law is what is important in dLy51cs and it

is a functional law. To deny .that one i presupposing

anythiﬁg is pointless; what has to be done.is‘to be clear
. ( |

:
. <
¢ 7

_
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about one's Ppresuppositions. ' Substance is presupposed,

\ ' x

function is the mathematical, philqbophical and physical
/!

mode of knowing substance. To'put it even more generally,

function is how we know substancé. Similarly, .matter is
presupposed énd/energy is how we know matter. It is
significanf that Cassirer quotes the German( chemist
wilhelm Ostwald on this point. Cassirer obviously ,agrees

&~

that energy is the medium of our knowing in phyéics. Thus,

in The Problem of -Knowlédge, we find Cassirer elaborating

‘'his underlying thesis with the help of the following

\
v
\

quotation from Ostwald:

What we hear originates in the wark done an theeardnum ad
the middle ear by vikrations of the air. What we see is only
radiant energy, which does chemical work on the retim that is
perceived” as light. when we touch a solid body we exparience
mechanical wark performed during copressien of arxr fingertips
ard, huaﬁtﬂ@ecaxscﬁ%hesnndkndyinxﬂf... Fram this
dzntxnntthetouﬂityct mature appears as a series of
spatially amd tempararily chmgdng energies, of which we .
dbtain knowledge in propartion as they inpinge upon  the nxy
ad especially upon the sense Crogns fashioned far
reception of the approriate energies.

The. parallelism between matter and energy and
substance and function is very clear. On the ogg hand,
mattef, and energy are the basic concepts needed by the
physiciét, and on the other hand, §ubstance and function
are thg metapﬁysician's basic concepté. In‘each pair of

céncepts the latter is the explanation of the former; or

to put it in other words, the latter is the law by which

‘the former is deemed to, be governed. The human mind

creates the cencepts in order to interpret reality. Sense

- »
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perceptlon, left to 1tse1f couLd not order reality For

this task. reason 1s required and intuition also. Matter,

/{;ke'space, is, a pure form of 1ntuition coming to us from

// sensation. Reason tells of the existence of 'energy

although energy itself iSwnever directly perceivedl but

always secondarily, through its effect - work. Assume that

light is pure energy Do we perceive light directly or do

- »

we percelve things because llght causes us to see through:

_the work it does 6én -our eyes? It is obvious that -the

latter explanation only is compatible with .empiricism;

similarly, on an epistemological level, -we notice that the

concept of energy is the intellectual illumdnation of the

concept of matter. That which was formerly regarded as

- - =

inert is now conceived of ds being in constant activity.
Energy 1is that which moves matter and motion is what
is perceived. The supposed solid object which we do not
perceive to be in motion is, eccording to our scientific
and empirical kndwledée, at mass of particles some of which
are moving at extremely hiqh‘veiocities. The principle of

conservation of energy and the other laws governing the

behaviour of energy enable the physicist to have an

©

understanding of the motion of matter which surpasses all-

intuition. Solidity can be defined in terms of conformity

7

to certain laws —‘th;t is, functionally or relationally;

but the %ntuitiye notion of solidity in terms of wunmoving
H -~ '

substance cannbt be subsumed under a law because it is a

o . ' o ‘ 111
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metaphysicaljbasis'upon which the funcflonal ‘law rests.

What is known metaphysically is nothing, as Socrates first .

~ emphasized; but what is known in physics is that the Iaw

works and that it consistently "explaind ' phenoménal

" reality. 1In’ relation to a pillow, a desk is relatively

a”

golid; In relation to a desk, a éranite bquf;bis also
relatively solid. The  absolutely solid

object is
unnecessary as a standard to which other solid objects can
be compared because any standard'at all can¢2$ chosen at
the scientist's convenience. In fact, the absolutely solid
object is an idealization extrapolated from the world of
experience by tak1nq the law defining . solidity to‘ its
extreme limit. What is important eplztemologlcally is not
the absolute, but the 1aw‘defining the.rabsolute. - Once the
law is. given, the absolute follows from it as a necessary
consequence Just as the whole range of intermediate values
are corollary necessary consequences also. Lord Kelvin's
abBOIute zero ( 273. 16 C) for instance, the temperature of

motion, is an absolﬂ!b arrived at by dlscoverlng the law

capable of ordering the dlverse phenomena of

thermodynamlcs. Absolute zero is, in princ{ple,

unattainable .yet modern’ research in the area of super-

,the ideal, perfectly rigid body whose parts know no’

conductivity has unearthed experimental results ?f the -

greatest. practical importance to designers of

' electromagnets and computer components. Thus, we see in

‘
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‘this example hOW'E?\iS‘that the functionpl law allows for—
the possibility of passing beyond'the narrow confines of
senee- perception so that physical knowledge can touch the

) very limits of what ﬁs knowable,

The mater1al-'thinq~1n—;tse1f!*femains an enigma’ and
the descniptiop‘oqirea}ity in terms of eﬁeféy functions is
never ite ‘exact. However, this does not deter the
physiciét, ' nor the philosopher. The search for laws of
ever—increésing. generality continues in spite of the
}mprecise nature of the subjegt matter. What Cassirer
hoped to accohpiish indmetaphysics has been accomplished
oy.Eiostein in.physics. In both sciences, to know is . to:
relate. In metaphysics; substance is known ‘in terms of the
functional relations we generate in order to understand it .
and in physics, matter is known by the‘behaviour of the
enerqgy field. The prioe‘ physics has to pay for the'
mathematicization of the concept of matter is a permanent
artificiality and a limitedness of perspective, but what
physics achieves is a knowledge synthesfs at anlextremely
high level. For all practical purposes then, physics can
be said to folfill its objective and. the physical project
is pronounced a sucoess insofar as, the field theory set
out in Einstein's General Theory 'of relativity success-

- fully explains phenomenal reality in greater depth and
detail than has hitherto been possible. From the point of

v1ew of philosophy, howeser, the metaphysical project is
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not yetﬁ successful until other perspeétives besides that

c;f physics :have been surveyed and related. Acccordinglsp,

’

even in recognizing the importance of the theory of-
‘ralati\;ity, 'and ih' penetrgting the meaning given to [the‘

cohcept/of matter by Einsteinian physics, cCassirer still

?

cautions us-against the dangers of a facile metaphysics: - -~

t Whether we characterize the ultimate beiny as "matter" or
/’ - Mife", 'mtmre" ar "histary", there alweys results for us in
« | the ed confusion in aur view of the world, becamse certain
/ spiritial functions, ﬁaatcocperateinigsqrsmﬂtim, are

t
s
w
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Thxs study began by reflectlng on, the reletiqnship

._!4 —

between philosophy and science. Whereas, in antiquity,
scientific knowledge was thought to be subsumed undér the
broader categor§ of philosophical wisdom,,}t is now. widely
held that modern scien;e, ‘is quite distinct from
philosophy. We are here concerned to show that such a
separation need not_exiet..Thus, Cassirer's philosophy was
selected as the focal point of this study because Cassirer
believed in the fundamental unity of knowledge and because
Cassirer exhibited a depth of familiarity with the many
different branches of science that has become increasingly
rare amongst philosophers. On one hand, philosophy has to
struggle: to understand itself and | to define what
philosophy is and, on the othe; hand, philosophy has to
integrate sciefitific knowledge and empiricism into its own
self-understanding. While recognizing tﬁat the era of the
great constructive programs is over and gone, Cassirer
nevertheless insiets on the importance of philosophy's
role in sﬁrveying, synthesiz%ng and condensing the.diver;e

knowledge claims of all of the various sciences.

. Philosophy has a very intimate relationship with physics

in particular. cConclusions about the nature and structure
of the physical universe were the first impetus philesophy

received, and the history of philosophy 1is a continuous

R 1
u"rj
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attempt to re-solve this problem. The theory of relativity
speaks loud and clear: physics .is embarking on a new

program of self-understanding. Philosophy must try to

keep pace and the new insights physics unearths will be

food for philosophical thought also, just as phildsophy's
search for self-understanding will inevitably stimulate
physics. .

When we observe that physics 'is only one perspective

among many, “the theory of relativity is itself

. .

relativized. Physics openly acknowledges the objective of
- Y »

reducing the phenomenal world to a coherent law-abiding
system of energy functionsa determined by strict ' laws of

causality, but there are other perspectives from which

phenomenal reality can be viewed also. Cassirer is willing

to ehter fully into the spirit of physics and to concern
himself with the physical concept of causality, yet he is
still able to reflect that otﬁer modes of understanding
reality also have their own intrj.nsié validity. Thﬁs, for
exampl‘e, consciousness remains an enigma for physics, and
while it is éossible to consider reality exclusive_ly from

s

the point of view of the interaction of forces and of the

disposition of energy-matter in space-time, it is also__

importpnt to be aware of the essential limitedness of the
physical perspective even as we work within it.

Cassirer notes that what physics is really promoting

is. a particular concept of order. Teleology assumes_that

- ‘ , ’
f

!
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"order is intrinsic to reality, but it is not this concept

of order with which physics deals. oOrder, in physics,
refers to the zystematic interrelaéion oé concepts which
it is the task of the physical theory to provide.
Expressed in their moét.crysta;ized form, these coéncepts
give rise to the 'laws of nature' which are the heart of.
physics. Man defines nature and he ordérs it conceptuaily:
in this respect, the theory of relativity is the most
generally applicable physiéal th;;fy yet advanced'because
it orders the greatest emount of aYailable informaéion.
The more abstract the copcept, the more it compresses
scientific kn;wledggf The more scientific knowledge can be
compressed, the greater thé'ekplanatory potential of the
y
physical theory. Tpus, we can see that Einstein's theory
of relativity is lan illustration of the broader

)

philosophical thesfé Cassirer is developing.

Kant asserted that, ":..'in every special doctrine of
nature only so much science proper can be found as there
is mathematics in it." Mathematics is the science of pure
form: 1In ‘number, we have the distilled essenée of being
and in geometry, concepts are maniﬁﬁlated freely as
absolute idealizations. A point is indivisible and
occupies no space; a unit is infinitely divisible and

capable of generating all other numbers. Thus, mathematics

allows. for the formulation of -principles and laws. The

.mathematical function can entertain as many variables as

13
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need be and stlll continue to perform its task of

.ﬁassigning to each element of the knoﬁ¥edge 51tuatlon a

té f;‘
specific place {n a serial ,order. For Einstein, . this is

important because every observer can invent a ’co-ordinate

syséem appropriate to» his unique.frame of reference yet '

the results of ooeervation can,be transposed from one B co-
ordinate systemx to ~anotner withl the utnost ease. For
Cassirer, mathematics is important because'it is the heans
by which knowledge can' be’ systematical}y organized and
compressed. Cassirer's ‘epistenolodidhl"convictions| are
confirmed when the theory " of relativity\ modifies
geometry's claim to have aA, empirical . foundation and
announces that space Ps only boundedéby the limits of what
is conceptually possible. It is /stréssed that we must be
aware that <¢he theory of relat1v1ty is exactly what it
purports to be - a %heory. As Lelbniz _first pointed oﬁt,
the ‘discussion properly begins with the consideration of
what is possible; and'as Hume recognized,.empiricism';ill
tell us what is‘probable.;¢

Fro% an epistemological éoint of.view, the theory of
relativityg/is 1mpd¥§gnt because it has co much to
contribute to the discusssion of concept formatlon.’ This
study has assumed that Cassirer's, and by extension,
Kant's, analysis of concept formétion :g correct: The mind
actively creates the concepts 1t finds suitable for the

task of ordering phenomenal reality. The the51s that our

-

! %
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concepts: cor;éfpohd to 'Feality,' as it_acé%ally is, is
explicitly Jréjgctea. Wheiher or :—Agt our ‘conéep;S' .
Qéorrespond,té reality is, in prin;iple,.unknowable:' what;_
;is more, the question is large}y-irreleyanttLﬂUltimately{
he/ question of correspéndenbe may bé vital,,‘bdt for the

practical. pufboses of science _iﬁ is' not. the truth or

% .

falsity of our concepts that matters, but'their“utility.

Concepts are tools, Zthey are. used to ‘cégate the
possibility of a sfnthesis of knqwledge.i in*epistemology,
as in physics, it is‘important to strive for economy‘ of
conéepts: The siﬁplest ideas are thé most profound. The
symbolic‘forms in which 6ur céncépts are expressed’ are
remiﬁ%scent ‘of the _Platonic Forms, :Ré self~subsisting’
Idéa§. Butithere isfthi§ &ifference: ideas are not ° more

real than things in any metaphysical sense. Ideas are the

reality the mind knows, the symbolic forms are communally

shared ideas. It is because it is possible for us to

cre;te these symbolic forms that 'apy communication of
iéeas is{poSsible.ét ail.‘ As our. language increages ‘in
sublety'aqg nuance the syﬁboliéjforms'becpme more and more
powerful, so ;hat a ﬁéalfhh;f gpow}edge,can be packed ipto
a shéff fqrmﬂla such as E=mcz. Epistemology learns this
lesson from Einstein. S ” - B -

fhe mefephyéics ;f substance and, function is the
héhrt of\CaSSirer's philosophy. ﬁhaﬁ_is is'substancg3°what

is kiown is function. Metaphysi9s,is impossible in the
' . : » ,

N
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]
(Lenbe thét‘befng per se nés no rational explanation; but
.metaphysics ig a philpsophical project when being is
analyzed\ in terms of the'meaniné of being. This tékés us,
back to the problem of causality.~ Causality has to 'be
assumed because knowledge is ﬂot'competent to go beyond'
» tﬁat assu?ptién except in a my;tical mode. The méaning of’
be{ng; 'however, can. be interpreted scientifically when
metaphysics is the inquiry  into causal relations. The
elements of the knowledge situation are the creations of
. " the mind. The study of the fé&ctioﬁ of the various
elements ang the subsuming of these elements under génerél
}aws is, the work of the metaphysician. As Eﬁe name .
suggests,; metaphysics is prior t6 physics. It is prior in
the same way.tha£ intuition is prior to rational thougﬁt.
_First there is. sensation, ‘then there is intuition, ‘théh
there is conceptnformation and lastly{ yational thpught.
fhe metaphysical fallacy of equating the intuition ~with
\éhg thiné itself has always to be\éuarded against, blt

without intuition, the physicist's hands are tied.

Ce - Einstein's theory of relativity needs to be situated -

-

in a philosophical context. Sincgl the time of Newton,
scienqe‘has been making very rapid progress but ‘it is
‘ eysential that philosophy should keep pacge by continuing
.to interpret and integrate new knowledge claims. Thus,

Cassirer's work proves itself to be invaluablé, for he has

well-reasoned answers to the questions raise? and he is

By
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able ‘to bring a historical perspective to bear on the

problems encountered. Oonce the flaw in the thinking of

121

Mach or Ostwald has :-been pointed out and once the

innovation of the thought of Heftz or Qofntcaré has been

‘dcdbnﬁuated, the possibility of intellectual illumination

becomes less remote and the material takes on new,mégning.
For Cassirer, éa'figure such as Gal{leo can even be an
example both of what is good and what is bad about the
method of -physics angh,Cassirer gracefully gives credit
where credi£ is due while- exposing errors that are apt :to

lead into blind alleys. Philosophy is not judge in the

. court battle betwen competing ‘knowledge claims, it is

mediator in fhe dispute over division of labour.

Einstein, 1like Cassirer, learng from the mistdke;'of
his predecessors and findé new ways of mak}nq competing
theories compatible. Newtonian space was inadequate to the

task of accounting for the diversity of observed

" phenomena. Thus, Einstein had to rid the concept of space

of its 1ast\¥emnants of substantiality and reformulate the
laws of physiés within the context of a more generalized
concept of space. Time, too,-pad to be integrated into the
new éonceptual framework and, consistent~witﬁ Cassirer'é
proposal for a metaphysics of function! space-time was
analyzed in terms of the dynamics of poss%? e motion. The

field theory was an attempt to provide' a- unified

explanation of motion‘in space-time, but Einstein was not

e
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successful in bringing physicg//knowledge to so complete. a
synthesis. The elegance of his proposed solut;on has to
impress e;en the most ardent critic of his epistemqlogy,
but the facggremains that too many discrepancies exist for
anyone to puzfimuc? faith in this particular course.
Nevertheless, it is alwgys possible phat a missing “biecé

in the conceptual jig-saw puzzle may be ‘supplied by

physic{sts of the future. Knowledge advances slowly::

“'sometimes it is nécessary to take a step backward in order

”

to take two steps forward.

The theoretical equivalence of matter and energy is .
an outstanding example of the way in .thch Einstein_ is
able to simplify and synthe51ze the ba51c concepts of
physics. Closely allléd to this synthes1s is the 'further
synthesigg of tlhe‘ .concepts  of inertial mass and
gravitational mass.l ‘Thus, it is pefhaps true to say'fha£
Eiﬁéfein's greatest ‘accégp;ishment , is in the
epistemoloéical -domain. While the concept of matte; is -
?till a necessary and useful concept Fo the’physicist, it

\ .
is superseded in its application by the more

mathematically workable concept of energy. The ' energy

)

gieId is not only defined by a system of equations, it is
actdally constituted by these equatibns. Strict
mathematical lads govern the fluctuations of the field and |
when physical . reality is described solely in terhs of
energy functions, the rationalist ideal of a universe

. » ‘
ordered- by law appears within reach. But even on an




ebistemological levelf determinism eludes us. The field

—

theory is incomplete, but what is more disturbing is the
fact that embiricism eports that anomalies and exceptions
to physics' 'universaE\Taws' crop up on ‘all sides. The -
point Cassirer makes is that .métter and energy are to
physics what substance andhfunctioﬁ are to ‘metaphysics.
The former in each pair is thetindispensable undegﬁinning
of the 1latter; but \it is ‘only the latter which is
the prgpef subject of analydis because our knowledge is df\
relations and not of things. |
It should be stressed that in assessing Cassirer's’
philosophy and his treatment of the problem of scientific

knowledge, we do so from a historical perspective. Given

that theoretical physics_  is necessari;y' a highly

formalized and abstract system of thought, it is no ~

t

surprise to/ ind that cassirer's philosophy is’
correspondingly  difficult to grasp at points.
Nevertheless, it 1is the task of a philosophical study to
make things clear and™to situate ﬁ;he physical -theory
within a broader uﬁderstaﬂdiné of knowledge in general.
Inéofar as Cassirer failed to do this and insofar as some
issﬁes may even have been confused rather than ciarifiedp
Cassﬂieg's work is deserving of criticism. Obviqusly: the
same is true of this study itself . and points at wpich
Ca?éiref's thought has been presented in an awkward manner

. are doubly regrettable in that we owe it to a‘philosophér

to evaluate him on the basis of his own work rather than
,\ :

¥ J (
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'on the basis of what others have written about hit.

The epistemological similarity between the thought of

« 'Cassirer and that of Einstein is so worthy of notice as to

&

¢ L

- be - interesting in itself. The reason why Einstein's

theory of relatiwity has had such a- powerful impact is‘
that the furdamental conceptual alterations which
characterize Einstein's theory are widely" recognized and
acknowledged as improvements to - the hypothetical-
theoretical'structure of modern physics. This reflection
lenda,~credibility to the further thesis that Cassirer's
philosophy ought to have an equally powerful impact.“ When
we analyze knowledge in term of the functional relations
implied by the manner in which our concepts have been
selectell, we Qiscover that many fertilzwfields of research

have become accessible. The mind's role in concept

formation, is essentially an active and creative one;

- therefore, reality has to be reconstituted in order to

. ' -
make sense of the theoretical framework that we construct.

The task of reconstituting reality according to a specific

hR Y

set of theoretical precepts is work in which both the
physicist and the metaphysicia jngst participate."ynile
tho physicist seeks to equgin and to predict, the
metaphysician is in a constant process of evaluating and
re-evaluating the Ftheo%t>ica1 precepts -upon which the
physicist's reality is founded.

The importance of Cassirer's work derives fron ‘his

~ .

t
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«realizat}bn éhat the process of cﬁecking our intﬁitionsx
against the phenomenal fealitf that we experience is
philosophically problematic. Not only are.there a wide
variety\ of different pérsﬁécﬁives within which our
iﬁtuitions/can be meaningful, but the metaphysical thing-

« in-itself with which theory concerns itself iswbbjéétiyely
unknowable. Cassirer's functional app;oach ﬁg hmétaéhm.
'pﬁysics alloés for 'the' poss;biiity that a theory about
physical reality can remain coherent .and usefgl everi
though it explhins appearance rather thanaféality itself;
and, on the other hand, an epistemol&gy that stresses the ":
relational character . of . our knowledgelzsucceséfu{ly
fidgsteps the pfoblemz of the 'inhérént subjecpivity St
éndividual pergpectives. Thus, Einstein's theory of:-
relativigy can pe regarded,'as the physical theory

"logical%y“ qpnsequential upon Cassirer's epistemological

stance in that space and time are now defined as

» -

relatighal rather than absolute concepts. Furthermore,
the ikeoretical equivalénce of mass and energy iﬁplies
" that the substantial concept. of matter can be treated
functionally in terms of either th mechanics of mass-
poinﬁ interd@tions or of energy field fluctuations. The
reader is encouraged to turn to the works' of Cassire£

himself for a more elaborate and fully deyelopéd treatment

of these and othdr themes.
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