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FBESTRACT

This +thesis relates Hans Reichenbach’'s philosophy of science
both to his historical context and to his  interest in the
physical world.

The thesis begins with a review of his life, and notes the most
significant influences on him. His early ambition to become an
enginesr stimulated in him an active interest in understanding
physical things, and his enjoyment in disseminating what he knew
entailed that he maintained & keen interest in contemporary
ideas. By the age of twenty be had turned to philosophy to
erihance his appreciation of science, and was influenced by kant
and the neo-Kantian interpretation through Ernst Cassirer.

His subsequent work is concerned with providing philosophical
explication of the major innovations of twentieth century
science, and particuwlarly of the implications of Einstein’'s
Theories of Relativity and of Quantum Mechanics. The thesis
proceeds by summarising kKant's and Cassirer’'s writings on the
philosaphy of science before examining Einstein’s theories.
Subseguent chapters analyse Reichenbach’'s most significant
publications in  chronclogical order, namely The Theory of
Relativity and A Friori kKnowledge (1920), The Fhilosophy of
Space  and  Time (19283, Fuperience and Frediction (1938),
Fhilosophic  Foundations of  Ouantum Mechanics (1944), and The
Direction of Time (19%6). The chapter on Quantum Mechanics is
introduced with & summary of the scientific concepts introduced
prior to Reichenbach' s writing about them.

1 though he demonstrates the shortcomings of Kant’'s
philosophical dustification, +the objective Reichenbach set
himself throughout his work was to identify the principles that
regulate our empirical knowledge. Despite his close friendship
with FRudolf Carnap and Moritz Schlick, he differentiated his
Empiriciem from Logical FPositivism, and he refused to accept
that Conventionalism could offer a satisfactory analysis of
knowledge of the objective world. The final chapter summarlises
the impact of his writing and his major contribution to
philosophy.
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Hans Reichenbach: FPhilosopher—-Engineer

INTRODUCTION

The objective of this thesis is to trace the development of Hans
Feichenbach’s philosophy of science from his early influences
and through his major publications.

s a boy Reichenbach’'s ambitions centred on  being an engineer,
and his acguisitive search for knowledge was to reinforce his
understanding of physical things necessary to a practical
engineer. As a student his interests extended into understanding
the structure of scientific knowledge, and he became absorbed in
Karmt's philosephy. With his understanding of mathematics and
physics in  the early years of the twentieth century, he
recognised the potential challenge offerred by Boltzmann's
statistical methods to the established deterministic science
bhased on  Newtonian principles  that had also served as Kant's
hasies of reference. His early philosophical work, therefore,
centred on an  attempt to reconcile Kant’'s writings with  the
challenge of twentieth century science. His later work reflects
this reconciliation, although he cam justly claim to  have
developed an epistemological method of Logical Empiricism that
is  influential in contemporary writings in the philosophy of
sCcience.

Feichenbach’'s philosophical development ran parallel to the
development of logical positiviem, itself a reaction to the
srholastic traditions of European philosophy at the end of the
pinteenth century, and he was a close friend of two members of
the Vienna Circle, =~ Moritz Schlick and FRudelf Carnap. His
interest in science, and physics and mathematics in particular,
led him to give particular attention to the two contemporary
innovarions of major import, — relativity and quantum mechanics.

The first three chapters essentially provide the sarly context
for Reichenbach' s work, beginning in Chapter one with a summary
of his life and early influences on him. The second chapter
reviews the kantian philosophical influence, and the third
chapter examines the theories of Relativity which were the
inspiration for his =sarliest publications.

The next five chapters are devoted to an analysis of his major
writings in the philosaophy of science. Chapter four concerns his
1920 publication The Theory of Relativity and A Friori kEnowledge
which is Reichenbach’ s attempt at direct reconciliation of Kant
with Einstein’'s theories. Chapter five is devoted to his final
publication concerned with the post-relativistic physics of
space and time, - The Fhilosophy of Space and Time published in
1928, Chapter siz relates to the work that gives the clearest
exposition of his epistemology, namely Experience and Frediction




published in 1938, but the chapter is introduced with a review
of Reichenbach & interest in  the application of probabilistic
considerations to empirical events. Chapter seven is introduced
with a review of the development of guantum mechanics, before
procesding  to Fhilosophic Foundations of Guantum Mechanics
published in 1944. Finally, chapter eight is concerned with
Reichenbach’ s posthumous publication The Direction of Time.

The concluding ninth chapter is an overall review of the
philosophical impact of Hans Reilchenbach.

]



Chapter 1

FEICHENEBACH S LIFE AND EARLY INFLUENCES

Childhood and vouth

Hans Reichenbach’'s childhood was  spent in comfortable
circumstances in Hamburg. He was born on 26 September 18971 as
the third inm a family of five children.

His father, Bruno, had a successful grain importing wholesale
business in which he had immersed himself since the death of his
own father when he was twentythres. Bruno was born into a Jewish
family but converted in his twenties to the Reformed Frotestant
Church which he saw as a fulfillment of his Jewishness. His
early pre—occupation with working 1ife, which had been a
necessity on his  father’'s death, prevented him adopting &
scientific career, and this was & source of regret.

Hans '’ mother, Selma, nee Menzel, was from a family whose
Frotestant heritage was traceable back to the Reformation and an
abbot Bernhard von Senden who was one of the founders of the
Evangelical Reformed Church. The von Senden family had spawned
generations of doctors, clergymen, and pharmacists, and Selma’s
owrh mother Wendelina von Senden, grew up in the von Senden
Fharmacy in  Emden in East Friesland before her marriage to a
Comstruction Emginesr - Hermann Menzel. Selma was passionately
interested in music and before marrying Bruno she had been a
schoolmistress. She ogenerated & keen cultural, but supportive,
family enviraonment for her five children.

The household was financially secwrs  and there was & common
gager awareness of contemporary cultural events during Hans'’
boyhood. The family members played musical instruments and
attended concerts in Hamburg and they enjoyed avid discussion of
contemporary works of literature by authors like Ibsen and Shaw.
Hans' elder sister Maria was four years his seniori his brother
Berrhard, with whom he remained close in his younger years, was
three yvears older; sister Wendelina was five years youngers; and
brother Hermann was seven years younger than Hans. Comments on
Hans as a boy derive either from Bernhard or Wendelina, or from
letters or recollections from Hans himself.

Hars showed early aptitude in both his thirst for understanding
and his practical abilities. His mother would turn to him to fix
minar household repairs, and he adopted the role of tutor in
scientific understanding to both his older brother and younger
sicter. Rased on recollections it  is difficult to establish the
chronology of early development of Hans and his relationships



with his siblings, but the record is of a lively and precocious
boy, alive to the world and to his own ego. He developed with

complete confidence in himselfd and his abilities, and when very
voung exhibited sharp tuwrnsg of temper when prevented from
pursuing his own course of action. Hans recognised this weakness
in himself and as a schoolboy succeeded in imposing his will to
curb his tantrums. This guickness of temper was a feature he
shared with his father, but in appearance and motivation he had
inherited the characteristics of the Wen=zel family. Certainly
trom the age of six he aspired to be an Engineer or Technician
and he regarded his schooling as preparing him for that role.

His aptitude for constructive and coherent reasoning gave him an
early appetite for board games, and as early as five years old
he was able to beat his parents at checkers. When he was twelve
he was introduced to chess at school, and quickly established
Rimself as an outstanding talent, but by the time he was fifteen
he had given it up because it distracted him from his serious
pursuit of knowledge. Despite this apparent seriousness and
dedication to his career, references indicate that he was a boy
of great energy who relished physical recreation. This energy
appeared to characterise him throughout his life, and although
almost chubby in  appegarance, he is  remembered whether as
brother, collegague, or teacher, as an active, engaging, and open
personality with a joy of living and keen sense of humour .

Despite the religious grounding of the family with a father whao
had converted from the Jewish faith and & mother of strong
Frotestant origins, Hans never appears to have had any affinity
with religious sentiments, and his extensive recorded writings
are marked by absence of reference to religious concepts. His
garly identification of himself as an engineer focussed his
attention on explaining how the World of direct experience
works, and this pre-occupation left no scope for metaphysical
religicus speculation. As a student in  his early twenties he
regarded the Catholic Establishment as a threat to the freedom
of students to pursus obiective knowledge, and in an article in
19172 in Das  pMonistische Jdahrhundert No 1é he writes under the
title "Studentenschaft und Katholizismus" -

The assertion that the dogmas contain the truth
is totally unproven and vague in the eyves of a
thinking person, who must therefore reject
them as completely wunscientific. For Science
desires coherent knowledge:; what is known
through so-called supernatural means is not
worthy of bearing its name.
{Reichenbach [19781,v.1, 103%)

Hie disdain as an engineer for religious concepts, however,
didn‘t extend to his feeling for political issues, and through
hie later years in Hochschule and throuwghout his student years
he was actively involved in issues relating to individual
freedom. His active participation whilst at school began with




the “"Wandervogel" whose creed was a reaction against the
ronstrained and over-specified system of education in Germany.
At the age of eighteen in a review of his years at school,
Reichenbach writes -

To be sure, I have learned much, very much
in school, but I have also lost & lot. School
does not end with the instruction period at
P p.m., but because of the homework it takes
up the better part of the afternoon. The
warst of it is that homework is precisely
prescribed . .... I must criticise this pressure
which is constantly being ererted on the mind.
Wouldrn t it be much better if., at home, the
student could do the kind of work he really
likes?

{(Reichenbach [1978],v.1, 12)

The “Wandervogel" movement incorporated this reaction to the
encroachment of the State Education System on the total life of
young people, but it was not actively revolutionary, rather a
means of withdrawl. Thus hiking agroups were formed which went
off into  the countryside, and camps were organised. 0O0f course
plder generations of Germans did not react to this as a threat
ta the established order, perceiving it as a wholesome German
tradition of “"die Gesundheit”. The culture that developed in the
early years of the 1700's involved a mystique of fellowship of
young people, fres from external constraints, and with a common
enjoyment of natuwral things. As  the movement became more
established, however, diversification occurred and nationalistic
sentiments developed, as did the belief that the movement should
be more pro-active in changing the sstablished order.

There is no record of what Hans Reichenbach eupected of fthe
"Wandervogel", nor of the extent of his involvement, only that
he was involved, and this is entirely consistent with his
beliefs and energy. The antagonism towards intellectual
disciplines that developed within the movement would not,
howsver, have met with his &pproval. His reaction  against the
system of education was that it inhibited his opportunities for
extending and developing his own intellectual pursuaits. Later,
at University, he was to apply his energy to the "Freie
Studentenschaft”, whose aims were to develop opportunities for
liberal intellectual development for students.

Hans Reichenbach left Highschool in 1909 at the age of eighteen.
He had had a distinguished school record and was  at the top of
his class in &ll subjects. His passion was for mathematics and
scisnce -

The greatest joy I derived from lessons in
mathematics and natural sciences . ... only
girce I have known of anzlytic geometry,
differential and integral calculus, have I

e



understood why mathematics is of such
tremendous importance for the technical sciences.
In Chemistry and Physics classes [ learned that
true science does not consist of the knowledge
of a certain amount of facts and numbers but of
the inner appreciation for the great
interconnectedness of nature.

(Reichenbach [1978%,v.1, 11)

But he had derived great stimulation from his studies in German
literature and foreign languages -

here did [ learn to speak French and English

fluwently, a&nd, above all, to grasp the spirit

of these languages . ... Goeths and Schiller

hecame rnoble men to me .... I got an idea of the

monumental intellectual strugales of humanity.
{(Reichenbach [19781,v.1, 11)

Student years

In 1910 and 1911 Hans studied Engineering &t the Technische
Hochschule in Stuttgart, the natural development of his
ambitions. But -

During this time I first realised that my
interests were predominantly theoretical.
{Reichenbach [19781.v.1, 1)

Reichenbach had been freed From the narrow constraints of
traditional German schocling about which he had complained, and
in reading beyond what was required of an  Engineer he stumbled
on other influences, particularly Boltzmann and kKant. He decided
to abandon the subject to which he had seemed pre-destined and
wernt to the University of Munict in 1911 to study Mathematics,
Fhysics, and Fhilosophy. Although it was to the Fhilosophy that
bres looked for "t he inner appreciation for the areat
interconnectedness  of nature”", he found that traditional
philosophy as taught in Universities was -

ineract and too lithle connected with the
natural sciences
(Feichenbach [19781.v.1, 1)
ard
1 was not too interested in historical philosophers;
I read some of them with grealt respsct, such as
Descartes and Spinoza; yet, my own philosophical
work always related divectly to physical problems
without consideration for historical comnections.
{Reichenbach [19783,v.1. 1)

He was disappointed in the approach of the teaching



philosophers, and had respect only for Ernst von Aster at
Munich. Aster had a particular interest in English philosophy
and in particular Locke and Hume. In his book on the history of
English philosophy published later in 1931, Aster specifically
credite these philosophers as "having promoted the standpoint of
empiricism’” and proceeds -

sobriety and clarity, a clarity which repudiates
naothing so keenly as incompreshensibility and
pbscurity masquerading as profundity., a sobriety
which wishes to sge things only as they

really are

This is a philosophy of direct appeal to a young engineer.

Aster, however, was influenced primarily by kant, and averred
that the "Enowable" had to be structured. He was therefore
concerned for a valid philosophical foundation for science.

In addition to his studies at Munich the young and restless
Reichenbach also spent some time at the University of Berlin.
Evidence for this appears in a letter to his older brother
Bernhard written in November 1711. In the letler he advocates to
Bernhard what reading he should undertake as an introduction to
the writings of the major philosophers. He also mentions that he
is attending a seminar organised by the physicist Max Flanchk —

I better hurry and get to bed; otherwise
I won't be able to pay enough attention in

Flanck s seminar.
{Reichenbach [1978],v.1, 13)

It is highly probable that whilst in Berlin at this time, he
also encountered the teaching of Ernst Cassirer. Cassirer was
certainly an influence on the young Reichenbach’'s early studies
of philosophy. as he writes in his autobigraphical memoirs in

1932 -

The philosophers Von Aster, in Munich, and
Cassirer, then at Berlin, however were exceptions;
they showed understanding of the problems of
natural philosophy and were encouraging and

stimulating.
{(Feichenbach [19783,v.1, 1)

Cassirer was deeply rooted in the philosophy of Kant, and,
actively interested in the science of the late ninteenth and
garly twentieth centuries, he worked to assimilate the new ideas
into a Eantianm frameawork.

6t some stage between 1911 and 1915, Reichenbach’'s interest in
mathematics took him to  the University of Gottingen where he
attended lectures given by the mathematician, David Hilbert. At
this time the Mathematics department there was ouwtstanding, and



had included leading practitioners like Minkowski and
Klein. Hilbert had been responsible for developing a general
systen of Geometrical axioms from which the traditional
Fuclidean model  could be regarded as a special case.
Feichenbach was later to make use of the Hilbert formalism in
Mis analysis of Space post-Einstein.

Reichenbach studied Kant with care, and Boltzmann, with his
statistical approsch to the Finetic Theory of Gases. This early
fascination with a probabilistic assessment as a basis for a
philosophical appreciation of the natural sciences is a
recurrent theme throughout his life, and his dissertation in
1915 -

"Der Begriff der Wahrscheinlichkeit fur die
Mathematische Darstellung der Wirklichkeit™

concerned the application of the laws of probability to
scientific knowledge. Strongly influenced at this time by the
work of Kant, he used a Kantian approach to set & context for
what was contemporary Fhysics. He could find no teacher who was
interested in these problems and therefore produced the
dissertation without guidance and submitted it in the University
of Erlangen, which awarded him his Doctorate. This dissertation
comprised a mathematical section on probability theory followed
by an epistemological analysis, and at Erlangen he had been able
to find & Philosopher and a Mathematician who between them were
able to accept it.

Thie dissertation is the only published work by Reichenbach on
his Fhilosophical work prior to 1919, but he generated many
published items in connection with his role in  the "Freie
Studentenschaft", and a view of the whole man requires an
evamination of his role in  this organisation in  the vyears
between 1911 and 1919. Much can be obtained from his own
publications, but also Trom reminiscences  from student
colleagues Carl and Hilde Landauer.

The Freie Studentenschaft originated around 1900 and was active
in several Universitiss by the time Hans Reichenbach became
involved in 1911. This was a minority student organisation which
fad developed counter to the prevailing campus organisation, -
the Korporationen. The Korporationen reflected the values of the
German Reich, and were conservative, socially exclusive
fraternities, and arnti—semitic. Whereas the Korporationen
regarded the University primarily as  an  Institution of the
Reich, the Freie Studentenschaft perceived it as a community of
students and teachers, opposad to all restrictions of academic
freedom with eequsal rights for all students. Asserting this in
1912, Reichanbach writes -

the true academic fresdom is the freedom that
makes one’'s will the supreme authority . ...



{1 I come to a conclusion that contradicts

ancient traditions or even dogmas, I want the

right to advocate my view ....... The student’'s

most precious possession is his freedom o ...

e student” is still & dream of the future. Yet

we can come closer to the goal — if we fight for it.
{(Reichenbach [1978]1,v.1, 103)

Hame FReichenbach’'s earlier association with the Wandervogel
should have directed him into the Akademische Freischar, which
was the University brarmch of the Wandervogel movement. The fact
that he did not become involved with this is probably due to the
impossibility of reconciling the Wandervogel philosophy with a
University environment. Certainly the Freischar movement lacked
a positive direction, deriving as it did from a movement whose
tendency was to belittle academic development.

Thes Freie Studentenschatt, as a dempcratic self-help
arganisation, spawned circles of friends organised in discussion
groups. In Munich, FReichenbach was involved in an earnest group
which organised its own lectures and actively debated and
studied academic and social issues. The group included lawyers,
economists, and historians, and in Hans it linked into the
physical sciences, mathematics, and philosophy. As reported by
Carl Landauer, the group was prevailingly rationalistic, - apart
from Hans who bad & "romantic streak”. The group met practically
avery day through the vears 1911 to 1713. Subiects of continuing
debate included analvsis of teaching methods, the role of the
family as either shackle or liberator of individual developmeant,
and the effect of the Catholic Church as an impediment to
Research. On all such topics Hans Reichenbach was committed to
the radical view which puts individual freedom and development
above all social and Establishment institutions. In his paper of
1912 "Studentenschaftt und Katholizismus" he asserts -

From the beginning, this organisation [Freie
Studentenschaftt] has supported a certain form
of student education, demanding that every
student become familiar with every point of
view, that he develop his own point of view in
the battle of minds. independent of every alien
ankthority.
{Reichernbach [19783,v.1; 106)

Further than this, he opposes the right of membership to
Catholic students with their inability to pursue unfettered
intellectual enqgquiry, and affirms that -

the movement urgently needs to limit the right to
vate and to take a clear position with a firmly
delineated programme; .....May the Freg Students
succeed in carryving out their cultural mission
despite internal and external enemies.

{Reichenbach [1978].v.1, 107)



In 191%, together with Freie Studentenschaft colleagues Carl
Landawer and Hermann Eranold he published what he described as
an attempt to synthesise the Fhilosophy of the Movement, as "The
Free Student Idea: its Unified Contents". The style and
self-confidence of this document are distinctively
Reichenbach s, and not only does this draw together a coherent
statement of his social views, but it uses the philosophical
methodology that he employed in  later work on the Fhilosophy of
Physics.

He begins with a statement of the "Moral Ideal" of the Freie
Studentenschaft and looks at the origins of the movement, where
the concept of such a specific ideal was not a conscious issue.
He inm  effect, but without using the terminology, explains the
Ideal of the Movement in terms of "The Context of Justification”
as opposed to an explanation from "The Context of Discovery”, -
ideas he used later in anmalysis of theories in physics. As in
His later work hbe self-confidently presents his analysis as a
definitive statement -

That & cultural movement requires fifteen years

.. to develop and clarify its philosophical

foundations does not tell in any way against the

value of that movement. (On the contrary, that

action resting upon certain definite values

precedes a clear recognition of these values, ...

Yet that does not mean that a clear formulation

of one’s own volitional decision is UNNECessary.
{Reichenbach [19781.v.1, 108)

The Ildeal that he draws up is

The supreme moral ideal is exemplified in the
person who determines his own values freely and
independently of others and who, as a member of
society, demands this autonomy for all members
and of all members.

(Reichenbach [1978]1,v.1, 109)

He is thus not prescribing a specific creed or set of values
that an individual ought to adopt, but rather that each must
fresly choose & set of values and consistently follow them in
complete fresdom. He thereby defines immoral behaviour as -

ar inconsistency between goal and action. To force
a person  to commit an act  that he himself does not
consider right is to compel him to be immoral

{Reichenbach [19787,v.1, 110)

Thus the task for the Freie Studentenschaft is defined as -

to educate students to the acceptance of this
ethical ideal. ... The sducational work of the



Free Students ocught to culminate in the successful
raising of free, self-determining people within
the student body.

{Reichenbach [(197871,v.1, 110)

Fallowing this is presented a radical programme to reform
student life within the University. and including, -
organisation of open lectures; lectures by prominent public
figures other than academics; mutusal provision to support poorer
students; work by students in  the community and, in particular,
in the juvenile courts and in workers® educationg the right of
lecturers to declare their political convictions as well as
allowing Social Democrats to become lecturers; mutual discussion
aof teaching meithods and timetables between teachers and
students: reform of +the student disciplinary system; and,
finally, the ideal of a gensral student committee to regulate
the affairs of the University.

Reichenbach is seen in  this article as an  indefatiguable
politician. A further publication of his at this time "Why do we
advacate Fhysical Culture?” affirms the value of physical
exercise, with particular emphasis on hiking. In 1214 in his
article "The Meaning of University Reform" he pleads that the
University -

must be the spiritual home of the student body.
{Reichenbach [19781,v.1, 131)

and that University is the place -

in which science can find its wltimate fulfillment
For Reichenbach a University is a free Institution open to all
ideas, whose role is unfettered pursuit of understanding.
Students attending are free to make thelr own decisions on what

studies they pursue, and the teaching staff are there in support
of this.

Fost-agraduate

Following presentation of his Doctoral Dissertation in Erlangen
inm 1913, Reichenbach was called into military service in the
Army and was deploved in the Signal Corps on the Russian Front.
He viewed the war as a tragedy and wrote -

that scientific-minded people have the particular
duty to fight the spirit which breeds such
catastrophes for humanity.

{Reichenbach [1278].v.1. 2)

He learned the principles of radic technology, but  became



seriously 111 aftter 2 1/% vears and was transferred from active
dutv,

He returned to Rerlin where he supported himself from 1917 to
1920 by working for a firm specialising in radio technology.

His father died in 19218, leaving him entirely self-supporting,
and he became Director of the Loudspeaker Laboratory. Despite
this work he attended lectures at the University where he
studied Fhysics under Flanck and Eantian Fhilosophy under
Cassirer. He was accepted into the "kEantgesellschaft" early in
1918.

The Revolution in GBermany at the end of the War brought together
students in Berlin with a variety of Socialist views. Hans
Reichenbach was instrumental in coalescing this group into

"The Socialist Student FParty Berlin® - S835FH. He was elected
Chairman and set out the Flatform Statement in "Flatform of the
socialist Students Party”, with three main objectives, - to seek
the cooperatiorn of every citizen in bringing about socialism
within the Statem; to convert the intellectual class to
spcialismg and to reform the University along socialist lines.
The two developments on his ideas from his days in  the Freie
Studentenschaft were, — his adoption of the socialist ideal as a
means of  avoiding war  browght about by conflicts in  the
capitalist system:; and that education should be structured from
school throwgh to University to enable students to proceed on
grounds of competence rather than wealth. The programme,
however, was accepted by only & small minority of students and
before the end of 1919 it had effectively petered out.

Thus in 1919 Reichenbach is anchored in Berlin, a vyoung man of
28, secuwre in & responsible  and technical job, and passionately
concerned with ilssues of personal freedom and & socialist
society. It is  an interesting speculation whether he might not
have developed Trom here as a political animal as  a shaping
influence towards the Social Democratic Farty that emerged after
the Second World War. It appears that the events which led him
away fTrom the political life were the lectures on Relativity by
Eingtein, which FReichenbach attended in 1919. Certainly, from
then on there are no records of publications by him on political
issues, and over the next four vears the papers he published
were either directly related to his philosophical explications
of Relativity or were related +to his =marlier work on applying
probability considerations to science.,

Teacher and Fhilosgpher in Stutbagart

In 1930 Reichenbach moved sguarely back into Academia; he gave
wp his Jjob in the Loudspeaker Factory and accepted a Fost at the
Technische Hochschuwle in Stuttgart as Docent. This entailed his
being accepted as an unsalaried teacher, paid directly for the
lecturing he actually did. Hans Reichenbach brought into play




hie complete portfolio of technical knowledge, lecturing on
techniques of physical measurement, wireless telegraphy.,
relativity, and philosophical topics. He remained for six years
in  Stuttgart, during which time he was appointed Associate
Frofessor of Fhilosophy. In 1924 he made & few notes on his
gituation as an unsalaried teacher. Whether he has been caught
in A& mament of self-pity, aor whether, at the age of
thirty—three, he is beginning to yearn for the acknowledgement
af  the establishment, is wnclear, but the forceful radical
writing of his Freie Studentenschatt and SSPE days 1is not
evident. Thus he writes -

A worker once told me: Y IF I had learned as
much as vou, I would not work for this salary.”
He did not know that one does not work for the
salary but in spite orf the salary.
(Reichenbach [19781,v.1, Z3)

A significant event had occurred, however, which may have
re-aligned his relationships with the social World; in 1921 he
had married a teacher Elisabeth Lingener. It is difficult to he
precise  about the actual yvear of marriage; 1921 is the year
reported by Wesley Salmon  in his biographical sketch, but
Reichenbach himself refere to this in his "Autobiographical
Sketches for Academnic FPurposes” in 1932 when talking about his
work in Berlin between 1917 and 1920 -

I directed the louwd-speaker laboratory of this
firm. I also got married. Scon thereafter, my
father died and for the time being I could not
give up my engineering position because 1 had to
garn a salary in order to provide for my wife
and myself.

Reichenbach [1978].v.1l. 2)

Reichenbach’ s auwtobiographical notes are not entirely consistent
in dating events in other details, as they appear to be
primarily a recard of the development of his thinking, whereas
Wesley Salmon demonstrates general consistency — (Salmon (ed)
L1979, 2 — 10). The combination of circumstances given by
Reichenbach in this extract at least indicates that whilst still
in Berlin he was faking the responsibility for supporting
Elisabeth, if not actuslly married to her. What is known about
Elisabeth at this time is that she already had a child (not
Reichenbach ' s) . ard that, according to Reichenbach’'s
sister—-in—-law I[lse Reichenbachk, - wife of Bernhard -, Hans had
begged that the child live with them; but Elisabeth had

refused,- a decision she later regretted.

Hans Reichenbach and Elisabeth had two children, - Hans Galama
born  in 1922 and Elizabeth Austin (Jutta) born in 1924, The
marriage appears to  have been beset with difficulties from its
earliest years. Elisabeth had no interest in  Hans’ ' work, which
of course was his life’'s obsession. He appears to have alienated
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himself also from his yvoung family throuwgh his long working
absences, and, as reported by Hans’' niece Nino Erne (daughter of
Wendelina), — "they were more attached to their mother”. There
is re doubkt that Hans Reichenbach retained a great
attractiveness to children througheout hbis life, and he indulged
himself in  their company., enjoying their amusement and opening
their eyes to the workings of the world. The conclusion must be
that there was a degree of bitterness in the Reichenbach
household. The rift betwsen Hans and his son widened as Hang
Galama grew inteo & gifted and brilliant young marn, but who left
school despite his father’'s stubborn opposition.

In Stuttgart, Reichenbach began publishing in earnest. He had
come there from Ferlin  pursuing two  major courses of
investigation,~- Relativity, and Frobability as a means of
understanding causal relationships in the Physical world. Before
leaving Berlin he had completed his first thoroughgoing analysis
of Relativity - Reglativity and A Priori knowledge -, which was
published by Springer in 1920, This analysis followed his
attending Einstein’s lectuwres on Relativity in Berlin in 19219,
which had a dramatic effect on him -

I recorded the result of this profound inner

change in & small book entitled

Relativitdtstheorie wid Erkenntnis Apriori
{Reichenbach [1978],v.1., 2)

Effectively, Relativity Theory had challenged the basis of
Kant's philosophy which Reichenbach until that time had been
able fto reconcile with his own coherent view of physical
knowledage. He introduces his book with -

Einstein’'s theory of relativity has greatly
affected the fundamental principles of
epistemology . ....Euclidean geometry is not
applicable to physics.

{Feichenbach [19651., 1)

This book marks Reilchenbach’'s reaction against EKant’'s Fhilosophy
in the light of Einstein's work. EKant, & Century and a half
garlier, had taken the fFhysics of his time and sought to develop
the principles of understanding implied by it. As Reichenbach
wrobte in a short article "Philosophy of  the Natwral Sciences”,
pubrlished in the VYossische Zeitung in 1928 -~

frant, in building his grand system, fitted the
concept of scientific knowledges into his framework
of a uwniversal rationalist philosaophy

{Reichenbach [19781.v.1. 229)

The FPhysics and Metaphysics of Kant, however, was essentially
Newtonian, which was based on  the concept of an absolute Space,
gach point effectively marked by unique co-ordinates and




connected by & BEuclidean metric. Einstein, in his theories of
Relativity, had demonstrated that the Mewtonian concepts of
gpace could not be consistently applied, and Reichenbach saw his
task as re-defining a Fhilosophy of Fhysice that could be
compatible with the science of his own time. In the same article
he continues -

Fant’'s construction of the philosophby of this

classic epoch was an historic achisvement, yet

it is entirely too antiguated when reproduced

with minor variations in the era of Einstein
{(Feichenbach [19787.v.1, 229)

Reichenbach with his interest in, and knowledge of,
contemporary Fhysics and Mathematics, took FKant's task upon
himself. He saw himself as wunigquely gqualified to this tashk, for,
as he saw it -

present—day scademic philosophy ...has lost all
relation to science, and .. the scientist has
given up all hope of obtaining from any such
philosophy answers to the spistomological
gquestions that confront him in the course of

his research. .
{Reichenbach [19278]1,v.1, 229)

Felativity and A Friori kEnowleddge was the first of three major
works by Reichenbach on the effects of Relativity Theory on the

Fhilosophy of Space and Time., The others wesre Axiomatic for the
Relativietic Space Time Theory — published in 1924 - , and The
Fhiloscphy _of Space and Time - published in 1928. Although

during this time he published a great number of articles on
other topics, and particularly on the application of Frobability
to owr understanding of causal relationships, these were his
only major works. Reichenbach had committed himself Lo providing
a Philosophy for Twentieth Century Fhysics. and to replacing the
Fantian System based on Eightesenth Century Science. Commenting
on this work during his period at Stuttgart, Reichenbach writes

here the theory of relativity receives a
philosophically correct justification ....
I was the first to systematically wncover and
compile &ll necessary definitions of correlation
of the space-time-theory.

{(Reichenbach [19783.,v.1. £)

Reichenbach and Contemporaries in pre~Nazi Germany

Im 1926 Reichenbach was appointed as Frofessor of Fhysics in
Flanck s Department at the University of Berlin. The authorities
in Berlin were opposed to Reichenbach’'s appointment largely on




account of his radical and anti-authoritarian views there as a
student., but alsc because of his disdsin for metaphysical
speculation in Philasophy. He had two strong proponents in the
Faculty in Flanck and Einstein, and the story as  recounted by

Hesley Salmon is  that Einstein, when challenged by the
Establishment about the heretical ideas of his would-be
appaointes, replisd "And what would vyou have done if the young

Schiller had applied here for a position?”

Reichenbach established himselt in Berlin as the directing
influence in  the method of Logical Empiricism, and he founded

the "Berlin Society for Empirical FPhilosophy';  this group
included Walter Dubislav, FKurt Brelling, and Carl Hempel, as
weell as the two psychologists - Kuart Lewin and Wolfgang kKohler.

The group alec organised a series of lectures each year on
contemporary philoscphical  idissuess, and thase were open to the
general public (Hempel [1991]1,. &).

His one major publication during his seven vyears at Rerlin
University was his third major work inspired by Einstein - The
Fhilozophy of Space and Time. He also published "Iiele und Wege
der Fhysikalischen Erkenntnis” in 1929 in Handbuch der Physik
vaoid ppl-80, and Atom and Cosmos. The World of Modern Physics in
1920, In addition to numerous articles in journals, however, he
identified himself as & distinctive fTigure in the philosophical
world throuwagh his founding with Rudolf Carnap of  the journal

BFecause he had been on  friendly terms with several members of
the VMiermna Circle, and with a particular respect for Moritz
Schlick  and Rudolf Carnap. he approached them with the
proposition of founding Erkenninis. He had first met Carnap at a
conference on Symbolic Logic which the two of them had organised

at Erlangen in 1923, The conference had included addresses on
pure logic, the decision problem,. the relsation between physical
obiscts and sense-data, a theory of  knowledge without

metaphysicse, & comparative theory of sciences, and the topology
of time. Carnap reports in "Carnap’s Intellectual Autobiography”

Among all those who worked in Germany in a similar
direction in philosophy and in the foundations of
ascience, Hans Reichenbach was the one whose
philosophical outlook was closest to mine. ...
Our points of view were often guite divergent,..
«on Mevertheless, there was a common basic attitude
and the common aim of developing & sound and exact
method in philosophy. ... The Erlangen Conference
may be regarded as the small but significant
initial step in the movemnent of scientific
philosophy in Germany.

{(Schilpp (ed) [1963].14)

Even as early as this conference in 1923 Reichenbach had




proposed that a new pericdical be founded as a forum for this
new kind of philosophy, but it was not until 1930  that he and
Carnap as joint editors Tinally launched Erkenntnis.

In ki editorial introduction to  the first issue of Erkenntnis,
Reichenbach writes -

Firilosophy must be based on empirical research
in natural and mental scisnce ..... 1t is a method
of clarification, not & science.

Carnap and Reichenbach met freguently after the Erlangen
Conference and seach used the other as critic of new ideas.
Feichenbach contributed to the dialeogue by his work involved
with Fhysics., and Carnap contributed mainly with work in Logic.
fe CDarnap remembers -

I oftern asked him for explanations in recent
developments, for example, in guantum-mechanics.
Hie euplanations were always excellent in bringing
put the main points with great clarity.

{Gehilpp (ed) [1963]1, 14,15)

The further conseguence of the collaboration between Reichenbach
and Carnap was & series of conferences and congresses of what
they saw as a new movement in Logical Fhilosophy embracing not

orly the Berlin Empiricists and the Vienna Circle but also the
WNarsaw philosophical group. The firs conference on the

“Epistomology of  the Exact Sciences" took place in Frague in
September 1932%.

Tt was Reichenbach who had provided Carnap with an introduction
tey the Vienna Circle when Reichenbach introduced him to Morits
Srhlick in the Summer of 1984, Schlick had initially made
contact with Reichenbach by correspondence Tollowing publication
of Reichenbach’'s Relativitity and A Friori bEnowledge in 1920,
In that book Reichenbach refers to Schlick's Raum wnd  Zeit in
der gegenwartionen Fhyvsik. Zur Einfuhrung in das Verstindnis der
Relativitdts— wnd Sravitationsthegrie, published by Springer in
1917y and Reichenbach attempts to moderate Schlick’s

Berlin in

rejection of bthe fantian concept of absolutes a-priori
principles. This led to & correspondence referred to by Schiick

in L1924 with -

Even in those gquestions about which he takes

imesue with me in the book, there is really no
profound difference of opinion, as an elucidation
of our opinions by correspondence has subsequently

disclosed.
{(Sechlick (19791 .v.1,. 333)

in fact, the correspondence with Schlick in 1981 and 1922 marked
& decisive change in Reichenbach’s approach to philosophy.
Reichenbach had attempted to reconcile Kant’'s system of a-priori



with Relativity in accepting the Kantian premiss that knowledge
is obtained by application ot constitutive principles to
g¥periance, but without claiming & logical necessity for a
particular set of constitutive principles. Schlick had been
given the task by kant Studien of reviewing both Reichenbach’s
work [Reichenbach;l920] and Cassirer’'s [Cassirer;l19211, and had
countered that in rejecting the a-priori necessity of Kant's
principles, Kant's approach as a whole should be rejected.
Schlick’ s recommendation is, therefore, that the proper object
for epistemclogical analysis  is empirical  krnowledoge itseldf,
albeit recognising that experience is shaped through application
of constitutive principles, and that these are conventions as
prescribed by Foincaré.

Reichernbach’' s acceptance of Schlick’'s criticisms is acknowledged
fully in "The Discussion of Relativity Now" published in LogesloO
1922, where he writes

Formerly 1 believed, on the basis of his opposition
to Kant, that Schlick overlooked the constitutive
significance of the categoriss in the concept of
object, and ...I obiscted to Schlick’ s views on
these grounds. However, in the course of ouwr
correspondenca, it turned out that this objection
was based on & misunderstanding and therefore
I should like to take it back. ... Schlick's
empiricism .. must be regarded as a method based
ot the belief that reality is given in expsriance,
a method which takes as its task the analysis of
the process of experience in the widest sense,
without adhering to any specific interpretation.
I am quite ready to accept this method because
my so-called "analvytic method" represents
evactly this objective approach.

(Reichenbach [19781.v.2, I7)

in addition to this involvement with his fellow professional
philosophers, Reichenbach broadecast a series of radio lectures
in 1230 which were published as Atom and Cosmos. The World of
Modern  Fhysics. In these lectures he demonstrated that the
conceptual scheme that has been successful  in traditional
phvsics becomes inconsistent when it is applied to sub-atomic
events at one end of the scale of dimensions, or when applied to
astronomical events at the opposite end of the scale.

Throughouwt his period in Berlin, and. throughout the rest of his
life, Reichenbach would return to worry at the problem area with
which he began his philosophical career, namely the application
of probability considerations to an epistemology of scientific
browledge. This pre-occcupation had again been triggered by his
study of Kant and conseguent concern with causal ordering.
Feichenbach himself comments in auntobiecgraphical notes made in
1936 -

- ig



I frequently interrupted other work in order
to work on the problem of probability.
(Redchenbach [19781.v.1, &)

He had first breresr impressed with the application of
probabilistic analvsis of physical events by the work of
Boltzmann in Thermodynamics. He had developed his ideas in his
doctoral dissertation in 1713, although at that stage he had not
beern prepared to throw off his FKantian yoke., In two papers

written in 1920, - "The FPhysical Fresuppositions of the Calculus
of Frobability"” published in  Dis Natuwrwissenschatten 8. no.3g
46--55, and "The Frobability Calculus” published in Die
Naturwissenschatten 8, no.83 146-13%, -~ he demonstrates the

rnecessity of adding the principle of probability to that of
causality as  M"a necessary constituent of our knowledge of
nature":; ~ as a Kantian synthetic a-priori iuvdgment. By the time
he had moved to Stuttgart as  Docent, however, he had begun to
guestion the validity of Kant's claim for synthetic a-priori
judaments and the concepts from Eighteenth Century science of
strict physical determinism. In 1728 he writes in the VYossische
Zeitung in a short article "Causality or Frobability?"-

we must speak of an objective indeterminacy in

naturey; the course of the universe is

comparable, not to a clockwork, but rather to

a perpetual dice game in which each stage in the

event corresponds to ancther throw of the dice.

{Reichenbach [19783,v.1l, Z39)

He published two major works on this subject, - The Theory of
Frobability. 3171 Inguiry into  the lLogical and Mathematical
Foundations of the Calcuwlus of FProbability published in Leyden
in 193%, and Experience and Frediction published in Chicago in
L9328,

Istanbul

The assumption of power in Germany by the Nazis in 1922 resulted
im  the dismissal of Reichenbach ferom his position at  the
University of Berlin. It appeared that it was his Jewish origins
that gave offence to the Mazis, rather than his radicalism. He
moved to Istanbul where he took charge of the Fhilosophy Faculty
at the University, taking advantage of the high regard Ataturk
had for education to attract a nucleus of bright students. He
remained in Turkey until 1938, when he emigrated to the United

States.

Feichenbach had a five year contract at the University of
Istanbul together with access to funds to develop the Fhilosophy
Department. This effectively gave him the opportunity to develop



a university in  line with the radical ideas he had espoused
whilst in the "Freie Studentenschaft”. He was assigned a Turkish
Interpreter, but in addition to his already fluent English and
French, he was able to acquire a sufficiently good grasp of
Turkish to be able to lecture in it. Reichenbach converted the
Fhilosophy Degree into & multi-disciplinary study, so  that
students were obliged to study two theoretical and one
euperimental science in  addition to studies in literature,
histary, and other humanities. He also organised Collegiums for
the Fhilosophy students to which FProfessors from the other
Faculties were also invited, o that pbilosophical problems
could be examined from several points of view. He was a popular
teacher who made himself sasily available to his students.

Whilst in  Istanbul, Maria Moll, with a FhD in Fhilosophy from
Bermany, became a friend of Reichenbach and his family. She
later met him againm in California, and became his second wife in
19446.

Whilst in  Istanmbul Reichenbach continued to produce papers for
philosophical  journals, including Erkenntnis. Almost all were
concerned with probability. causality, and inductiong and  in
1938 Ewperience  and Frediction was published by the University

of Chicago Fress.

The University of Califormnia at Los Anoeles

After Ataturk’ s death, an  increasinaly nationalistic  mood
developed in Turkey, and most of the German and Austrian
Frofessors who  had moved to  Istanbul in 19233 sought positions
eluswhere. Reichenbach contacted friends in the United States
and was offerred a position at the University of California at
L.os Argeles as Frofessor of Fhilesophy in 1938.

He travelled to the United States via Switzerland where he

indulged in & holiday of hiking and mountaineering, but  on
arrival in Los Angeles he suffered a coronary thrombosis. After
six weeks however he had recovered sufficiently to begin his

lecturing at UCLA where he remainsd until he died in 1233.

During this last fifteen years of his life he produced six major
works, - From Copsrnicus to  Einstein published by the
Fhilosophical Library New York in 1942, FPhilosophic Foundations
af Quantum Mechanics published by University of California Fress
in 1944, Elements of Symbolic logic published by MacMillan Co
Maw York in 1947, The Rise of Scientific Fhilosophy published by
Urmiversity of California Press in 1951, HNomological Statements
and Admissible Operations published by North-Holland Amsterdam
in 1954, and The Direction of Time published posthumously by
University of Californis Press in 1936.




Whilst in the United Sitates he was able to resume his close
friendship with Carnap who succeeded Reichenbach at UCLA, and he
re-eastablished his friendship with Einstein whom he often
visited in Frinceton. Einstein regarded Reichenbach’s work on
Space and Time as a philosophical framework in which Relativity

cowld be understood, as he (Einstein) comments in 1949 on
Feichenbach’' s "The Fhilosophical Significance of the Theory of
FRelativity”  included in  Schilpp (ed) ({19421 Albert Einstein:
Fhilosopher-Scientist -

I can hardly think of anything more stimulating

as the basis for discussion in an epistemological

seminar than this brief sssay by Reichenbach
{Balmon (ed) (19791, Z4)

In 1940 Bertrand FRussell was visiting Flint Frofessor at UCLA,
and shared Reichenbach s office. The two became good friends and
maintained a contact throughout Reichenbach’'s remaining years.
Feichenbach had previously held Russell in  high esteem becauss
of his work on the foundation of mathematics and for the clarity
of his writing, but he was also impressed by the moral honesty
in his social and political views. In an article on Russell in
Obelisk Almanack in 1989, Reichenbach writes -

This true writer is to be compared among the
ranks of philosophers with his great compatriotl
Hume, to whom he bears marked similarity both
in his stvle ...and methodology
and

.. the sarnestness of his character, the sincerity
of kis conviction, the nobility of his sentiments.
He belonags as much to the philosophbers of action as
to the philosophers of theory, ..

{Reichenbach [1978],v.1, 303)

Memories of Reichenbach

Fecollections by students and friends of Hans Reichenbach during
his pericd in the United States present a physical picture of -

short, almost rotund, stubby hands and feet,
round face, snub nose, thick glasses, false
teeth, a hearing aid, and & thin high-pitched
gpeaking volce.
{Reichernbach [1978].v.1, 58)

and vet he was an  engaging presence with energy, personal
dignity. and keenness of intellect and wit. He was a teacher of
great clarity who encouraged his students to develop their own



ideas and encouraged discussion both in his classes and at his
home. As & boy he had been eager to learn as he prepared for his
profession as Engineer, and he had become a disseminater of that
knowledge both toe  his older brother and younger sister; and it
appears he retained that passion for dissemination throughout
his life. As a precocious boy, learning with practical intent,
He had a need to be sure of his knowledge; and again he retained
this self-confidence and belief in the ideas that he had
thoroughly worked through himself. As Wesley Salmon remarks -

Feichernbach had the conviction that he was right.
and
.studying with Reichenbach was studying

Reichenbaclh.
(Reichenbach [19781,v.1. 73)

Carl Hempel had besen a student of Reichenbach’s in  Berlin in
1926, and even at this early stage of his philosophical career,
Reichenbach Ytended to be quite sure of his ideas, and
occasionally too readily dismissive of dissenting views, but
this did mot affect his refreshingly receptive and informed way
with students” {(Hempel [19%9131, 5). His readiness to take an
interest 4im his students, in  their aspirations and their
problems, was in sharp contrast  to the prevailing tendency of
German Frofessors at  that time, and Hempel contrasts this with
the attitude of Max Flanchk,

T recall once running after Max Flanck to ask whether

I might put a brief guestion to him about a point he had
mace in his lecture. He did not even tuwrn round. "Ask

my assistant” he said, vanishing into his office.

{Hempel [19913, %)

Speaking at Hans Reichenbach’'s funeral in 1933, Abraham kKaplan,
- who had joined Reichenbach as Frofessor of Philosophy at UCLA
in 1940 -, summarised the effect Reichenbach had had on
colleagues and students -

Whosver knew him, in whatever capacity, learned
from him. He was a man of ideas, to whom ideas
were all important, and he mads their importance
felt by all around bhim. ... For what he knew, he
wanted others to know: the truth he believed in
he wanted others to believe.

(Reichenbach [19781.,v.1. &7)

Commanting furthsr on Reichenbach’'s application to his  work,
Kaplan wrote -

in an age of science., he wanted men to look to the
logic of science for & guide to belief and action.
enews For this wisdom, and for the hard work which
its acquisition entails, he had unlimited passion



and energy. His zest for the life of ideas was a
vital part of his personality.

He rmever lost his passiaon  for practical things. He was always
interested in mechanical things, and was a serious photographer.
He tried to use photography in his attempts to get Berirand
Russell Lo abandon hiis two-dimensional phernomenonalist
description of the world by taking sterec-photographs and
showing them to Russell through a viewer.

The energy he displayed in  his academic and practical work also
wernt into his recreational activities which  included walking,
rock-climbing, camping, and he was an accomplished ice-skater.
As & philosopher he brought enerqgy and thoroughness to his deep
understanding of the physics and mathematics of the first half
of the Twentieth Century. He was a Fhilosopher-Engineer.



Chapter 2

ITMMANUEL KANT AND THE NEO-FANTIAN INHERITANCE

Ar appreciation of the develapment of Reichenbach’'s
philosophical method must begin with Karnt. Kant’'s contribution
to philosophy in the late Eighteenth Century had had a profound
development on  subsequent writing., and particularly in Germany
where one hundred and fifty vears later in  the early Twentieth
Century it was regarded, in Reichenbach’'s words as "a
cornerstones of philosophical thinking" {Reichenbach
[19787,v.1,389). In an article entitled "Kant und die moderne
NMaturwissenschaft” in 1932 in the Frankfurter Zeitung 77 , nos
bRb6-657 dated August 23, and translated by Maria Reichenbach for
quotation in her introduction to the Englishkh edition of The
Theory of Relativity and & Friori krnowledge, Reichenbach writes

Kant’'s Critigue of Fure Reason stands before the
philosophy of ow Century as a towering edifice.
Whoever has something to say about philosophy,
whoever has constructed his own philosophical
system durirng the last one hundred and fifty years,
has been a student of Kant's, and even if he
has become Kant's opponent, he once learned his
philosophising from him. Those who do not
consciously continue Kant & system show their
contact with the Kantian method at least by their
critigue of Kant’'s ideas and by founding their
own theories upon such a critique.

{Reichenbach [1265]1. X1X)

Reichenbach was educated in  Kant’'s philosophy initially through
Aster in  Munich. This was consequent to the conversion of the
yvoung trainee Engineer to  look to the philosophical foundations
of his scientific knowledge. Aster’ s approach to philosophy with
his respect Tfor empirical investigation would therefore be of
direct appeal to Reichenbach. Kant’'s task, of establishing the
bases on which scientific hknowledge was possible, was therefore
the most appropriate work for Reichenbach to study.

The task Kant had set himself was Lo establish metaphysics on a
spcure and scisntific basis similar to what had been achieved
for Fhysics in the Eighteenth Century. The principles of
mechanics developed by Newton with the systematic application of
mathematics had generated a confidence, not only among
scientists, but  in enguiring thinkers throughout Europe, that
Lrnowledge of the physical world could be established on a few
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Tfirm and unshakeable principles.

Kant had studied philosophy, theology, physics, and mathematics
at the University of Kénigsberg, where he was later to be
appointed as Frofessor of Logic and Metaphysics. Reichenbach, in
his sszay on  "Kant and Natwral Science” in 1733, writes of him

Kant himself grew up with strong scientific
interests. Among his writings we find & large
number of purely scientific investigations, in
which he reveals himself as an exaclting experit in
the handling of smpirical facts, making great
efforts to discover systematic connections
underlying them.

{(Reichenbach [19781,v.1, 39%)

Reichenbach continues in  this essay with his endorsement of
Fant' s credentiazls with -

awa Lt would not be possible to name many
phiilosophers today with such a comprehensive
knowledge of the science of their time or such
an intense desirg for participation in scientific
thought.

{Reichenbach [19783,v.1, 392)

Fant, the scientist-philosopher, was concerned to establish what
couwid constitute kEnowledge. He was concerned with the reasonable
swtant of metaphyvsics:; to  determine which arguments and which
objects of study were within the scope of human  reason. His
major work in  setting oult his coritigue is Critigue of Fure
Feason firet published in 1781, but subsequently revised in the
second edition published in 1787. In his Freface to the second
edition he describes his concern -

Metaphysics .. has not yet had the good fortune
to enter wupon the secure path of a science.
{kant [122%]1, B xiv)

Kant s two basic principles of analyvsis are that the laws of
logic are a valid system of analysis of ideas and statements,
and that human knowledge, developed through the methods of
srience, as edemplifisd by Galileo and Mewton, is a unified and
coherent system. His argument is theat sciemtific knowledge is
made subiect to the laws of reason, namely of logic. This
knowledge is  acquired through  application of certain a-priori
principles Lo experlencs; and therefore these a-priori
principles must form a complete set of necessary and logically
connected concepts that define the totality of all possible
EHperisnce.



Kant, in his Introduction to  the second edition of the Critigue
of Fure Resson. states that -

though all our knowledge begins with experience,
it does not follow that it &11 arises out of
2HpErLIENCE.

(kKant [19291, B 1)

His premiss 1in the Critigue of Pure Reason is  that esmpirical
krnowledge is derived by applying concepts to experience of the
World, Thus concepts such &8 space, time, obiect, and causal
determination, are applied to presented experience to organise
it into & "knowable" form. His method of enquiry is therefore to
examine the conditions uwnder which s=such kEnowledge can  be
aobtained, rather than to study Tthe nature of experience itself,
which had been the approach of the Empiricists Locke and Hume,
whom  he admired. #As he writes in his Preface to the second
edition -

Hitherto it has been assumed that all our

bnowledge must conform to abjects . ... We must

therefore make trial whether we may not have

more success in bthe tasks of metaphysics, 1f we

suppose that objects must conform to our knowledge.
{Fant [192%], B =xvi)

farmt likened this wvoile face to the revolution that Copernicus
had introduced into Astronomy -

Failing of satisfactory progress in explaining
the movements of the heavenly bodies on the
supposition that they 11 revolved round the
spectator, he tried whether he might not have
better success 1T he made the spectator to revolve
ard the stars to remain at rest.

{Kant [1929]. B xvii)

For kant, thersfors, there are -

a-priori concepts to which all objects of
exdperience necessarily conform, and with which
they must agree.

(Kamnt [19291. B =®viii)}

This statement specifies the focus of Hant's concern in  the
Critigue of Pure Reason: of determining those a-priori concepts
which human  reason birings  to experience  to make 1t knowable.
Empirical experience comes to us through our senses:; but sensory
gxperience requires ordering into a conceptualised schema for it
to ke understood. Thus the visual and tactile sensations of a
table are mere sensations unless the concept of a table is
applied. Im applying the conceplt "table”, an assertion is beinog
made that & part of the empirical world - namely a table - is




being encountersd, as opposed to a form of sensory illusion. It
is application of the concept "table" that buman reason imposes
an sensation, and this conceptualisation 1s  to be effected
through an ordersd scheme so that the totality of experience 1is
consistent,- & consistency which BMinteenth Century science
demonstrated to Kant. This consistency can only be achieved for
Kant if applied concepts conform to a complete system of logical
rules employed by human  reason, — a-priori rules. Thus these
a-mpriori rules are a necessary condition of krnowledge and form a
complete system of logic, and furthermore in being a necessary
condition they furnish Jjudgments which are irrefutable by
enpirical experience. Kant sees that his primary objective is to
identify these a-priori  Judgments, which constitute a set of
irrefutable statements of knowledge. Irrefutable, because they
constitute the very rules by which empirical Eknowledge is
cbhtained, and also immutable, because they derive directly from
& proven system of logic.

During the periocd in which he made the revisions to The Critigue

of Pure Reason pricr to the second edition, kKant published the
Frologomena  to  Any Future PMetaphysics inm 178%. In this he
clarifiss the nature of the a-priori rules he is attempling to
elucidate

Judgments, when considered merely as the conditions
of the union of given representations in a consciousness,
are rules. These rules ... are rules & pricri, and
s far as they cannot be deduced from higher rules,
are Tundamental principles. But in regard to the
possibility of all experience, ... no conditions of
Jjudgment of sxperience are higher than those which
brirmg the phenomena, according to the various forms
of their intuition, wunder pure concepts of the
understanding, and rendesr the empirical judgment
objectively valid. These concepts are therefore the
& priori principles of possible experience.
The principles of possible superience are at the
game time universal laws of nature, which can be
cogrnised & pricori.

(Kant [1902], 64)

In the Qritigue of FPure Reason, Kant proceeds in his analysis of
the basie of knowledge in reason, secure in the system of logic
derived from Aristotle, for -

That logic has already....proceeded upon this
aure path is evidenced by the fact that since
Aristotle it has not reguired to retrace a
single step,.....It is remarkable also that to
the present day this logic has not been able to
advance a single step, and 1s thus to all
appearance a closed and completed body of
doctrine.

(Rant [19293, R viii)




His plan of attack therefore is to draw up the complete logical
structuwre of knowledge and he complles an Aristotelian Table of
Judgments and an associated Table of Categories — of concepts -
to which empirical statemenits must conform. This is the basis of
His four a-priori categories, — Guantity and Quality, which Kant
describes as concepts applying to objects as things in
themselves: and Relation and Modality, which apply to relations
hetwesen objects or to their interaction with knowledge.

Kant describes this epistemological approach as the
transcendental method; analysis of the rules that we necessarily
apply  to owr unstruchtured edpsrience in order to make it
objective knowledge. These rules are those we apply when we form
concepts of objects and relate them within the empirical world.

The term "transcendental? ... signifies such knowledge
as concerns the a priori possibility of knowledge, or
ite & pricri employment.

(Kamt [19293. B 81)

He explains in more detail in describing a transcendental logic

This ... logic, which should contain solely the rules
of the pure thowught of an object, wonld exclude only
those modes of knowledge which have empirical content.
It would also treat of the origin of the modes in
which we know obiects, in so far as that origin cannot
be attributed to the chiects.

{(Fant [19291, A 56)

Strawson, in  The  Bounds of Sense, although not entirely
sympathetic with Kant's obiective of providing a secure basis
far scientific EkEnowledge, makes a clear precis of where

transcendental analysis is directed

its fundamental premiss is that experience contains a

diversity of elements (intuitions) which ... must

somehow be united in a single consciousness capable

of judaement, ... Land] this unity reguires ... a

connectedness on the part of the multifarious

@lements of experience, ... as is reqguired for

experience to have the character of experience of

& unified objective world and hence to be capable

of being articulated in objective empirical judgements.
(Strawsorn [19661. 87)

Buchdahl, in Metaphvsics and the Fhilosophy of Science, is
unrelenting in elucidating the requirement for experience of a
wnified objective world, and he sees 1t "as a presupposition of
srientiftic research", and, using gquotes from kKant, proceeds -

reason is regarded, not as assuming ("dogmatically™)
the existence of a unity, but as something "which
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Litself] reqguires us to seek For this unity”.
{Buchdahl [1969]. 506)

Buchdahnl is therefore enabled to proceed, in sympathy with
Fant’'s intentions, to summarise the transcendental act of reason

the necessary unity is transcendental. And to say
that it is transcendental is again to say that it
is a condition upon which alone anything can be
concelved {(cognised) as smpirically real, as an
objsct; whilst at the same time ... it is a condition
of ourselves beling conscicusly cognisant of any
asuch obiects.

(Buchdahl [19691, &37)

Before procesding with an analysis of the logical categories he
Mas tabulated, Kant in the "Transcendental desthetic” examines -

that which so determines the manifold of
appearance that it allows of being ordered in
certain relations, I term the form of appearance.
That in which alone the sensations can be posited
amd ordered in a certain form, cannot itself be
sensation: and therefore, while the matter of all
appegarance is given us a-posteriori only, its form
must lie ready Tor the sensations a-priori in the
mincd, ... this pure form of sensibility may alsa
itself be called pure Iintwiticn ......there are
two pure forms of sensible intuition, serving as
principles of a-priori knowledge, namely, space
and time.

(kKant [19291, A 20,22)

conceptualised experience must be organised within & domain: a
domain on which the a-priori  principles that control concept
Tormation form & complete set of laogical operators. Kant regards

this domain as comprising two manifolds., — one spatial and one
temporal. The spatial manifold, — the space of our experience —,
is where relationships between agbhjects of edperience are

determined, and where these obliects are also posited in relation
to the self. The temporal manifold provides a limk through time
of obiects to themselves and to each other, but alsc enables the
self as recipient of sperience to participate within these
relationships. The spatial manifold provides the framework, but
the temporal manifold introduces the self as active participant.

Space is vregarded by Kant as the "manifold of outer intuition”
in  which we disentangle ouwr perceptions to arrange them as
agbjects for krnowledge, and he writes -



It [(Spacel must therefore be regarded as the
condition of the possibility of appearantCes.: «..
It is an a-priori representation, which necessarily
underlies outer appearances. .. Space is essentially
OMEY ... Lt follows that an a-pricri, and not an
empirical, intuition underlies all concepts of
SIS .

{kant [19291, B 29, A Z05)

Thus, space for Kant is not an empirical concept derived from
experience, but is a Torm of order that we necessarily impose on
pr experience. [n this  sense bthe geosetrical properties we
LmPOsSe On SpPpace ars, in fact, impositions, and not derived
ampiricallv.

We assert, then, the smpirical reality of space, as
regards all possible oubter experience; and yet at the
same time we assert its dranscendentsl ideality - in
other words, that it is nothing at all, immediately
we withdraw the above condition, namely, its
timitation to possible experience

{kant (193291, A& 28)

Thus, Space, in which we establish ouwr  knowledge of  the
arrangement of objects is & uniiy, and organised by reason
itself so that its geomebry is also determined by a-priori and
necessary  rules. Fant's confirmation of the force of this
argument is in the "apodeictic certainty” of conclusions derived
from Fuclidean geometry, which, for the science of his time, was
the geomstry of empirical space.

geometrical propositions, that, for instance,
in & triangle twe sides together ars greater
tharn the third, can never bhe derived from the
general concepts of line and triangle, but
only from intuition, and this indeed a-priori,
with apodeictic certainty.

{kant [19291, A £5)

Given Kant’' s historical context, and the influence of Newtonian
mechanics on his wview of scientific knowledge, it might be
supposed thalt, in demanding & unified spatial context for the
world of objects, he is recommending an absclute space of a kind
which had been challenged by leibniz. In the Critigue of Fure
i this is not esplicitly explored, but in the Metaphvysical
Foundations of Natural Scienge, which was published in 178& and
intended as an adiomatic basis for natural science, he clarifies

the ilssus.

Firstly., &ll motion or rest can be merely relative
and neither can be absolute, i.e., matter can he
thought of as moved or at rest only in relation to
matter and never as regards mere space without matter.
Therefore, absolute moftionm ... is simply impossible.
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Secondly, for this very reason no concept of motion

or rest in relative space and valid for every

appaearance 1s possible. But a space must be thought of

irn which this relative space can be thought of as

moved; ... that is, an absolute space, to which all

relative motions can be referred, must be thought of.
{Kant [1970], 1246}

Fant’'s point is that owr experience inevitably relates the world
af objiects within a relative framework; we spatially locate the
obigcts given wz  inn experisnce  against owr  local spatial
reference frameworks., In order to comprehend the relationship of
these particular objects with the totality of the objective
world we have to  have an idea of an all-embracing spatial
reference Trame. But, just as ouwr local spatial reference frame
is just a frame and nolt an indepesndently given empirical object,
= in Kant’'s terms it is  "transcendentally ideal” -, so too is
the all-embracing framework that we relate this to.

kathlesen Okruhlik, in e article  "Kant on Realism and
Methodology"” (Butts (ed) 19861, 307 -~ 3229), regards Kant's
concept of absolute space as & limiting ideal -

absclute space 1s a sort of limiting ideal within
which we are free to make whatever enlargements are
necessary in order to achlieve a unified treatment of
all empirical motions.

(Okrublik [1986]1. 309)

Michasl Friedman, in his essay "PMstaphysical Foundations of

Newtonian Science” (Butts (ed) [1986]., 25 - 60) also construes
Fant’'s absolute Space  as "the ideal end-point of this
constructive procedure — the inertial frame towards which 1t

[successive idealisations of the local relative spatial frame]
converges" (Friedman [19861, 38).

Fant is thereby enabled to avoid the lLebnizian criticism of
specifying an independently given absolute space, and he
provides a setting for an objective world to which universal
physical laws can apply. His setting is effectively that for
which Einstein's Frinciple of FRelativity can be applied.

Fant’ s analysis of Timse is similar to his examination of Space,
excepting that he sees Time as -

the formal a-priori condition of all appearances
whatsosver. Space ..... serves as the a-priori
condition only of outer appearances.

{Kant [19291, A 34)

In The Rounds of Sense Strawson observes




the idea of experience in general seems o be truly
ingeparable from that of a temporal succession of
s¥perience.

{Strawson [196&61, &O)

Time, Ltherefore, in addition to providing an ordering of
empirical events, also provides that organisation of "inner
sense” that gives the essential unity to self as perceiver. [t
also -

is therefors to be regarded.... a&s the mode of
representation of myself as obiect.
(Kant {19291, B 54)

The time manifold is additionally seen by tant as providing for
the concept of persistence in objects &z & basis for knowledge
af them.

kant returns to the obisctive structuring of the time manifold
when he considers the application of causal ordering in  the
Second Analogy which is considered later.

In his three dAnalogies of Exupesrience kKant retuwrns to his Table
af Categories to give detailed consideration to the category of
Felation in its three manifestations, — subsistence (substance),
causality, and commurnity. He writes -

Experience is an ampirical knowledge, that is,
a knowledge which determines an object through
perceptions. [t is a synthesis of perceptions,
wawnasx This synthetic unity constitutes the
eesential in any knowledge of objects of the
GEMNGEE

(kKant [1929], B 218)

ard  he continues, examining this svnthetic unity in temporal
succession -

the determination of the existence of objects in
time can take place only through their
relation in time in general, and therefore
ornly through concepts that connmect them a—-priori.
sews The thres modes of time are Juration,
successiaon, and co-existence. There will,
therefore, be three rules of all relations
of appearances in time, and these rules will be
prior to all esperience, and indeed make it
possible.

(kant (193291, B 219)

He proceeds to examine these three a-priori relationships



fundamental to phvsical knowledge. For duration he posits the
"Frinciple of Fermanence of Substance” and concludes -

Fermanence is thus a necessary condition under

.which alone appearances are determinable as

things or objects in a possible experience.
(Kant [1929], A 189)

In reaching this conclugsion he refers to our absolute acceptance
“that nothing arises out of nothing"” and to the conservation of
welight of substance through physical transformations -

even in fire the matter (substance) does not vanish,
but only suffers an alteration of form.
(Fant {17391, A 185)

Kant thus illustrates, not an empirical conclusion, but that the
pre-supposition of human reason is that when something burns the
constituent matter goes somewhesre — presumably into the smoke.

Without the permansnce of substance as an a-priori principle it
is  dmpossible to construct a body of knowledge of material

things.

In his "Second Anaelogy’. FKant regards the principle of
suwccession as  application a-priori of the "Law of Causality”.
Kant's argument for the necessity of applying causal reasoning
to successive experiences hinges  on the necessity to make
subiective experience an objective fact -

I render my subjective synthesis of apprehansion
objective only by reference to & rule in accordance
with which the appearances in their succession, that
is. as they happen, are determined by the
preceding state. The experience of an event ... is
itself possible only on this assumption.

{Kant [1729], A 193)

It is the application of the a-pricri causal principle that
therefore imposes an order on the temporal manifold of empirical
events, which gives it objective significance as opposed to the
time order of  inner sense, — of subiective experience. The
absence of a concept of objective causal ordering would deprive
ws of the facility to reach beyvond the subjective time order of
sensory experience, and would deprive us of objective temporal
SUCCHRS51an.

Kant counters Hume's empirical scepticism of the strict
necessity of causal connections in "The Discipline af Fure
FReason” (Kant [19291., A 764-769, B 792-797). Hume had shown that
on the basis of empirical investigation -

that there is nothing in snv object, considered
in itselr, which can arford us & reasan for

e
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gdrawing & conclusion bevond it; and, that even
after the chservation of the freguent or constant
canjunction of gbjects, we have no reasan to draw
any inference concerning any cbiect beyvond those of
mhich we have had experience

{(Hume [197873. 139)

Fant's rebuttal of this scepticism 1s that a necessary
pre—condition for dimposing  order on experience to make it
knowable, is that we understand that events are causally related
in the objective world. He agrees with Hume, however, that -

a-pricri, independently of experience, [ could
not determine, in any specific mannser, either
the cauwse from the effect, or the effect from
the cause.
{kant [19291, A 746, B 794)

Concluding his case against Hume, he writes -

The passing beyond the concept of a thing
to possible experience (which takes place a-priori
antd constitutes the objective reslity of the
concept) he confounded with the synthesis of the
obijects of actusl experience, which is always
enplirical .

(Kant [1929]1. & 766, B 794)

Thus he agrees with Hume that it is not possible to specify with
absolute certainty what the causal comnection actually 1s in
particular circumstances, bult  a-priocri we can  say that some
causal connection is at work and it is the task of empirical
science, on the basis of observations, to generate causal
hypothesez. Without the a-priori understanding that temporal
gvents are causally ordered, we lose grasp of the uwunity of the
gmpirical world, even though we have no a-priori conception of
the individual causal connections.

Buchdahl rupresses this point clearly in refuting Strawson’'s
interpretation that #Kant Was claiming necessary causal
relationships ~

Fant is only arguing that, given some such succession
[of eventsl, the general concept of such a happening
requires that we think each of its members when
regarded as “"perceptions” ... as determined by some
conditioning fTactor - a Tactor which ... must always
e conceived in an entirely indeterminsts fashion
(Buchdahl [1969], &635)

Kant is quite clear that the a-priori nature of both permanence
of substance and primciple of causality is necessary fTor the
consistency of the whole spatio-temporal manifold required for a
coherent empirical Enowledge, but that this does not imply that



individual empirical events posited within the manifold can be
connected a-priori.

Havirg determined the a-priori principles for locating objects
in the spaticg—temporal manifold in terms of their permanence and
causal connectedrness through time, Kant is obliged in his "Third
Grialogy"” to locate them spatially as co-existent.

Thus the co-existence of substances in space

cannot be known in experience save on the

assumption of their reciprocal interaction.
{(kant [19291, B 233)

and he concludes -

it is therefors necessary that all substances ...
shouwld stand in thoroughgoing community of
mutual interaction.

(kant (19291, B 260)

Without this interconnectedness of objects within the spatial
domain, not only wouwld space itself be resolved into discrete
and unconnected regions, but  the principle of causality through
time would be severely curtailed with the consequent destruction
of a unitary time manifold. This would thereby confound "the
mode of representing myself as oblect”.

In determining the a-priori principles of empirical knowledge,
Kant has argued from the necessary unity of the space and time
manifolds to the co-ordinating principles that give this logical
necessity. His method of argument has been to examine the
pre-conditions for coherent empirical knowledge, rather than,
like Hume, to examine the nature of empirical knowledge itself.

irn  this approach, however, he was still constrained by the
results of the science of his time. He was effectively erecting
a logical Jdustification of the premisses of contemporary
physics, — effectively a system of Mewtonian mechanics working

in a Euclidean metric space.

Fant's achievement is to demonstrate that empirical knowledge
can only be obtained by applying concepts to direct wperliences;
that the smpirical world necessarily requires ordering for it to
be knowable. He procseds beyond this, however, in his search for
a~priori synthetic knowledge, by extending the necessity for
application of concepts to the logical necessity of specific
concepts that arise in the system of physics with which he is
familiar. Thus he specifies the necessity of space as a manifold
for empirical experience, but then extends beyond this to
specify the particular space geameltry being used, namely
Fuclidean. He is fortified in  this extension of his argument by
the logical consistency of Euclid's system and its apparent



universal applicability to spatial geometry.

Kant's fundamental case, however, is {that knowledge of the
empirical world is made possible only through conceptualising
guperience into objects. To be a coherent system, which science
indicates knowledge to be, then certain velationships must linfk
the conceptualised objects. There must be an obiect space in
which relationships can function, and these relationships must
include concepts of permanence, causal connection in time, and
co-existent connections. Fermeating this schema is the temporal
dimension which links directly to the "inner intuition” of the
gxperiencing subiect and provides the frame against which that
subiect itself participates as an object.

It is apposite to review Kanit’'s method and achievement against
his own justification and obljectives. In Reichenbach’'s terms, we
should look at the Context of Discovery in relation toc the
Context of Justification. Kant's purpose, given that krnowledge
muslt be fTormed Trom experience, is to identify those components
of our knowledge that relate to the forming process itself, as
opposed to  the empirical  data that 1is presented. His
justification of his method, develops from his argument that,
becausse our knowledge of the world is & self-consistent system,
the principles that are applied te form experience into a
Enowable form must themselves be self-consistent. He therefore
determines that the forming principles derive from our system of
logic. Kant accepted that classical logic is an  immutable
system, and therefore, the forming principles themselves are
immutable. He is reinforced in this conclusion in his analysis
of prevailing physical laws, and in  particular of Newtonian
machanics and the universal applicability of Euclidean geometry
to spatial measurement. This leads him to extend his system of
forming a-priori principles  to  include assertions about  the
a~priori geometry of space itself. He is thereby enabled to
conclude  that the truths of Euclidean geometry represent
necessary and immutable truths of spatial geometry against which
our empirical knowledge is  formulated. In Kant's  terms, these
are svnthetic a-priori truths.

Miz continuing justification  in his argument has rested on his
reference to logical principles as guides to elucidating the
principles that we actually apply to experience, but his
analysis throughout the Critigue of Fure Reason concerns itself
with the principles actually employed in prevalling scientific
knowledge. Thus, the space he describes as a necessary condition
of  knowledge, 1is & gpace that can accommodate Newtonian
mechanics, and the principle of co-existence of objects in space

im thoroughgoing commanity of mutual interaction
(Fant [1939]1, B 260)

accommodates Lthe Newtonian picture of bodies related by
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gravitational forces. His "Method of Discovery” 1is a
choroughgeing analysis of the principles underlying scientific
knowledge, but, in applying his "Method of Justification” to his
conclusions, he elevates these principles into eternal truths.
Subsequent changes in scientific theory were therefore likely to
contradict his philosophy.

Kant s Legacy to Reichenbach

The impact of Kant on  Hans Reichenbach must have been profound.
The vyoung enginesr  in his late teens had been  increasingly
excited at school  in Hamburg by the science  and mathematics to
which he had bheen introduced. Ths mathematics of "analytical

geometry, differential and integral calcoulus"  (Reichenbach
L1578 .v. 1, i1),. provided him with a concept of a Euclidean
gpatio-temporal domain which was infinite in extent but

infinitely divisible; effectively Kant's manifold of ouvter
intuition. The laws of physics and chemistry provided him with
an  Yinner appreciation  for the great  interconnectedness of
mpature" (Reichenbach [19787.v.1, 11), and he was "particularly
aware of organised, logical thinking which must lead to a true
understanding of nature,”(Reichenbach [19781.v.1, 11). FKant
pre-~dated him by one and a half centuries; but kant's secure
belief, that knowledge was, and must of necessity be, organised
into a coherent and unified system, was sharsd by the excited
voung Reichernbach.

Feichenbach, however, was confronting the World one hundred and
fifty vears latsr than Kant, and in  that time scientific
kriowledge and mathematics had progressed. Even as  early as his
schooldays in Hamburg Reichenbach had sncountered  the Kinetic
Theory of Gases, and in subsequent years he came to see the work
of  Boltzmann with  his maethod of statistical analysis of
aggregates of molecules as offerring a challenge to kKant's
principles of causal ordering. Later he was to encounter the
further cohallenge to cauzal principles presented by GQuantum
Theaory, and, in 17219, Einstein’s lectures on Relativity
contradicted the Eantian concept of a Buclidean spatio-temporal
manifoid., Befors considering how Reichenbach responded  to this
rmew data it will be illustrative to understand the emphasis
given to Kant's work by neo-Kantian philosophers at the turn of
this century, and then later to compare Reichenbach’'s revised
view of epistemclogy with that of Ernst Cassirer and of Moritsz
Sohlick.

Ernest Cassirer (1874 - 1943)

The student Reichenbach gives credit to only two of his teachers
of Fhilosophy, — Frnst  von éster  and Ernst Cassirer. Ernst



Cassirer was born 17 years sarlisr  than Hans Reichenbach. As
with HReichenbach he was the second son of & wealthy Jewish
Trader, but unlike Reichenbach bhe was not fired with a burning
professional ambition from his early years. In his teens,
however, he became acguainted with  the extensive library of his
maternal grandfather and study became his  main pre-occupation.
His reading was wide and hee Tacquired the capacity for
concentrated and persicstent work!" (Schilpp (ed) [194%1. 4). At
age twenty, whilst a student in Rerlin, he became acguainted
with the writings of Hermann Coben and his  interpretations of
Fant, so thalt two vears later he moved to Marburg - centre of
neo-kKantianism ~ to become Cohen’'s pupil. Cohen was generally
regarded as the authoritative interpreter of Kant.

Cassirer guickly established himself as a scholarly authority on
Fant in his own right, as Cohen is rvreported to have remarked, "I
felt at once that this man had nothing to  learn from  me”
{Schilpp  (ed) (12497, 7). Cassirer’'s ability to accumulate
krowledge must largely be attributed to his exceptional memory,
which enabled him to quote from memary long passages  from
classical works. He combined this with an ability to organise
this Enowledgs wilth mental cross-references and reasoned
dJustification. Kanmt’'s systematic appreoach to analysing the
foundations and extent of knowledge was  therefore fruitful
ground fTor Cassirer.

Cassirer approached the subiect matter of philosophy as a
scholar, - connecting ideas, setting them clearly in  their
historical and cultural contexts, and wplicitly
craoss—referencing. The Marburg School of neo-kantianism to which
Cassirer wenlt in 1896, whose principal teachers were Hermann
Cohen and Faul MNatorp, had developed Kant's philosophy to take
account of developments in science and mathematics. In
mathematics they were particularly interested in systems of
geometry other than Euclid's. It had been demonstrated in the
Minmnteenth Century, and particularly by Felix Klein, that a
system of geomeliry is the study of properties invariant under a
cerbain group of transformations, characterietic aof the geometry
in questiorn, and that bthere were many such systems that could be
applied consistently o spatial domains. Faor example, spatial
geometry can be specified consistently that does not provide for
the EBEuclidean axiom of non-intersecting, parallel straight
lines.

Both Cohen and Natorp took Kant’'s basis for the possibility of
Enowledge:; —  that empirical experience must be subjeclt to
principles of reason, which themselves must be a logically
complete system. Theie basic reqgquirement was that our empirical
krnowledge must be coherent, that it should form a logically
unified system. Their concern was not to re-state Fkant, but to
continue in his spirit with bhis Critical Fhilosophy. They were
primarily interested in scientific knowledge, which for them
largely constituted mathematical physics (Schilpp (ed) [1949]




761). It was inevitable that a study of knowledge at the end of
the Ninteenth Century should give particular prominence to
physics and the mathematical relationships which physics
gstablished. Two centuries earlier, Newton had demonstrated that
mechanical phenomena could be represented through universal
mathematical relationships,. and this had been followed by the
field theoriss of physicists like Hertz and Manwell whose work
indicated that in  mathematical physics a simple system of
fundamental relationships was capable of representing the
totality of physical empirical experience. The neo—kKantians
therefore saw scientific development &as  being an  uwnending
process of coming to terms with the "given"” of experience. It is
a process of objectifying experience and relating it through
prifnciples of reason. "The context of cognition must be grounded
in a unitary origin of thought', which is "the logical ideal of
the all-comprehensive context of experience” (Schilpp (ed)
(194971, 763). For the neo-kKantian, therefore, knowledge is a
coherent and ideal system which relates to the diversity of our
experience. As an ideal system, science is continually seeking

refinement; to incorporate new data, to resolve apparent
anomalies, and to simplify structural relationships. The
contextualising process is a positive act of reason on
experience, and Natorp describes this as & "posit", -~ an

supression which Reichenbach introduces into his work Experience

and Frediction to describe the function of imposing a hypothesis
on empirical data.

Thus we seek for systematic wnity as a basic pre-condition of
krowledge. The "posit®, or effective hypothesis in dealing with
experiential data, is thus essentially a starting point, and in
that sense is almost arbitrary, excepting that it must bear the
scrutiny of logical consistency as argued through by kKant. A
scientific hypothesis is effectively a posit whose validity is
subject to the probing of scientific method, which subjects it
to the two pre-reguisites of conforming with empirical data and
being consistent with other accepted scientific truth. The posit
is  thereby accepted as it stands, or modified, or rejected.
Thus, for example, the neo—kKantian would take Euclidean geometry
as a posit for the geometry of empirical space. Natorp was
prepared to accept a non-Euclidean geometry for space provided
that it was logically self-consistent, and, unlike Kant, he
could not see the logical necessity for adopting the Euclidean
system as the geometry of space. For Natorp, space and time were
necessary (and hence a-priori) concepts for experience, but
thaeir geomatyry was toy  bhe deternined a-posteriari from
experience. The concept of the "atom” is also seen as & posit
introduced to provide coherence of scientific knowledge, it is
not a concept of correspondence to "a  thing in  itself" lying
behind empirical data.

411 knowledge, therefore, is defined through concepts which are
subject to principles of coherence. The objects of knowledge
have a relationship with experiential data, but are structured
by coherent principles. Kant had referred in his Gritigue of




Pure Reason to  the “"thing in  itself” which stond hehkicd
gxperience as forever inaccessible, ouwr knowledge of it being
confined to the form we impose on ocur sEnsory experience of it.
Cohen and Natorp rejected the concept of the "thing in itself”
as meaningless; for them our knowledge is  the synthesis of
concepts we generate  throuagh empirical data, and further
speculation is fruitless. Following Kant, however, they accepted
that the synthesis of concepts in  knowledge must of necessity
conform to the three categorigs of Relation, - substance,
causality, and co-existence. Like kKant, Natorp also saw that
causal ordering, as a pre-requisite of knowledge, wazs manifest
im the physical principles of Newtonian mechanics.

It is unclear when  Relichenbach was firset infTluenced by
Cassirer’'s teaching, but 1t is probable that it was during the
period 1911 to 1914 when Cassirer was "Privatdozent” at the
University of Berlin, and Reichenbach was travelling to pick up
learning from the leading expositors of his time. Cassirer’s
lectures and seminars were popular; he was vivid, eloguent, and
painstaking, in ensuring that his students grasped the ideas he
was presenting. The clearest exposition of Cassirer’'s teachings
which would have influenced FReichenbach are therefore to be
found in Cassirer s work Substance and Function, which was
published in 1910, (and later in his life Cassirer commented
that this work contained the essentials of his philosophy of
srience).

In Substance and  Function, Cassirer reviews the history and
development of mathematics and the physical sciences, and
identifies how a-priori principles are applied through the
concepts that are employed. His premiss throughout is  that of
the Transcendental Idealist, that human knowledge of the world,
and physical science in  particular, is the result of the
uwnification brought by the application of consistent logical
principles to empilrical experience.

It is interesting that he draws an early distinction as he
initiates his analvsis of the historical development of concepts
betwesn the “"method of discovery” and the "gsrientific
gxposition” (Cassirer L1925, &7, - arnalogous with
Reichembach’' s« later distirmction in concept analysis between the
teantext  of discovery" and the 'context of Justification”.
Al though Cassirer in Substance and Function doesn’t use the term
"nosit”, his "method of discovery" refers essentially to a posit
or hypothesis introduced to cope with new experiential data or
new empirical relationships. In  the "scientific exposition” the
posit is  thoroughly tested for cobherence, and integrated with
established scientific principles, as is the case with
Reichenbach’ s "context of justification”.

In his analysis of the mathematical concepts employed in number
and geometry, Cassirer develops the conclusion that these are
not empirical  properties or oeasures but  that they belong to
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axiomatic systems, and he states

It is only the pure system of conditions, which
mathematics erects, that is absolutely valid, while
the assertion, that there are existences corresponding
to these conditions in all respects, possesses of
relative and thus problsmatic meaning.

(Cassirer [1923]1, 111)

He thus coriticises Kant's assumption of the a—-priori synthetic
status of Euclidean geometey

as all the systems [of geometry] are egually valid
in logical struactuwre, we need a principle that
guides wus in their application. This principle can
e sought only in reality, since we are not here
concerned with mere possibilities, but with concepts
and the problem of the real itself; in short, it
can be sought only in observation and scientific
experiment . ... Observation...leads from the many
forms of geometrical space to the one space of the
physical object.

{(Cassirer [19231, 106,107)

Cassirer is not hereby appealing to correspondence with an
underlying physical reality., or to a "real” geometry of the

"thing in 1htself!, but asserting that although mary
self-consistent systems of geomnetry are available to the
scisntist, the choice of system for science can only be
determined throuwgh empirical measurement. Thus mathematics

provides a framework of logical systems which are available for
the physical sciences.

er then examines how the concepts employed by science are
1ly used, and what they specifically designate. Science
deLE with the properties of the empirical world and we would
therefore expect the concepts that science uses to be directly
derived from experience. Logicsl Positivism would request that
scientific concepts be directly given in esperience without
intermediate and unverifiable hypothesis. Cassirer demonstrates
that this can not be the case where science is concerned with
measuremsnt which in  itself involves the application of
hypothetical systems. For example, in the science of mechanics,
measurement itself emplovs "the concepts of the material point,
af unifarm  and variable velocity as weall as unifarm
acceleration” (Cassirer {19237, 119). These concepts are not
givern directly in ruperience but are idealisations that are
manipulable within systems of mathematics, and which, in their
application, make presuppositions about, for example, "the
continuity and uniformity of spsce” (Cassirer [1923]1. 119).
Cassirer proceseds to recognise scientific concepts as  "ideal
limits”., It is necessary for us to work with idealised concepts
in  order to relate them mathematically and logically to the
total context of ow empirical knowledge.

f'iﬁ
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the ideal concepts of natural science...only ao

bevond the given, in order to grasp more sharply

the systematic structural relations of the given.
{Cassirer [1923]. 128)

The aggregate of sensuous things must be related
to & system of necessary conceptual laws, and
brought to unity in this relation. ...it
presupposes arn independent and constructive activity,
as is most clearly manifest in the creation of
limiting structures. ...without it, the world of
peroception would not be merely a mosalc but a true
chaos.

(Cassirer [19237, 128)

Cassirer thus seess bthe concepts of science as idesl limits which
are not found directly in experience but which can be related to
euperience, and which serve to draw individual experiences into
the systematic unity of knowledge. He provides examples -

We investigate the impact of bodies by regarding
the masses...as perfectly slastic or inelastici we
establish the law of the propagation of pressure in
fluids by grasping the concept of a condition of
perfect fluidity; we investigate the relations
betwesen the pressure, temperatuwre and volume of gas
by proceeding from an "ideal" gas and comparing a
hypothetically evolved model to the direct data of
sansation.

(Cagsirer [19231, 130)

Srience for Cassirer thus looks beyond the fleeting phenomena aof
superience to grasp ideal forms lying behind, or within, which
can be subjected to the rigour of logic or mathematics, and

which can therefore be related in a lawlike manner. Cassirer
the scholar intraduces the ideas of Flato to 2lucidate his
conception of a scientific concept as  an ideal limit.

Reichenbach was also concernesd  with the concept of limiting
structures JTor scientific concepts, but as an engineer he was to
look st this as scope for application of the idea of a
statistical limit.

Thus for Cassirer, the Jbject for science is an  ideal which is
constructed by the human understanding, but relates to gmpirical
data. Evern measurement itself is not a pure empirical procedure,
but involves complex hypotheses,- for svwample of  uniform
temporal and spatial behaviour.

The obiscts of physics...are recognised as instruments
produced by thought for the purpose of comprehending
the confusion of phenomena as an ordered and
measurable whole.

{Cassirer [1923], 166)
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Cassirer hereby emphasises his philosophy of Idealism, and
provides no place for the Kantian concept of "thing in itself”.
For Cassirer the systematic unity of the understanding is the
necessary reguirement for knowledge, - that the system of
kriowledqge be totally coherent.

A process is Tirst known, when it is added to the
totality of physical knowledge without contradiction.
{(Cassirer (19231, 140)

As scientists, therefore, we must be proactive in  arriving at
our knowledge and understanding of the empirical world.

The "true hypothesis” ...1is not introduced after
the phenomena are already known and ordered as
magnitudes.....but it serves to make possible this
very order,....1it points the way by which we
advance from the sensuous manifold of ssnsations
to the intellectual manifold of measuwre and number.
{(Cassirer (19237, 140,141)

The order of the "rezl” and factual cannot be
diseoverad .....without a conceptual anticipation
of a possible order.

(Cassirer [1923]1, 280)

The systematic unity of the understanding which Cassirer
requires demands that objects be located in & spatio-temporal
frame and that they be connected in a law-like and causal
manner. EBeyvond that there are no necessary (or a-priori)
conditions, so  that ouwr concepts and  the hypotheses for laws
which we generate areg essentially provisional.

we inscribe the data of experience in our
constructive schema, and this gives us & picture
of physical reality, but this picture always
remains a plan. not a copy, and is always capable
of change

(Cassirer [19237, 186)

Science is not a representational system of a reality underlying
our experience, but is a consistent conceptual plan that enables
us to make sense of our experience. We effecltively advance in
Grience by  replacing laws  that new edperience or  new
understanding invalidates, with more universal interpretations
that can remain consistent with our overall view of the world.
From this conception we can arrvive at a concept of scientific
truth -

We call a proposition "true’”, not because it

agrees with a fixed reality beyond all thought
and all possibility of thought, but because it
i verified in the process of thought and leads



to new and fruitful consequences. [ts real

justification is the effect, which it produces

in the tendency towards progressive unification.
(Cassirer [1923]1, =18)

Cassirer has moved significantly beyond the position established
by kKarnt, and indeed proceeded further beyond Cohen and Natorp.
He has, howsver, used kKant's transcendental method of
philosophical criticism in analysing the conditions under which
empirical knowledge is possible, and taken the Kantian premiss
that knowledge is only possible if it conforms to a synthetic
unity in the understanding. To this end he accepts that spatial
and temporal concepts, - albesit of problemsatic geometry -, are
necessary to  empirical experience and knowledge, and that, for
structural unity, it is & necessary condition of scientific
Enowledge that universal laws connact events in the
spatic-temporal domain. Thus he maintains the thesis that
although these a-pricori principles must apply, for knowledge to
be possible, there is no a-priori necessary content of such
knowledge. WUnlike Eant he is not prepared to accept the
necessity fTor EBuclidean geometry, nor the necessity for a
particular syshtem of mschanics.

Cassirer, as Reichenbach’'s teacher, must have promoted these
ideas. Reichenbach credits Cassirer in his "Autobiographical
Sketches for Academic Furposes", (Reichenbach [19781,v.1, 1), as
being important to  his understanding of philasophy, but,
although he makes reference in  three of his articles to
Cassirer’'s subsequent work Einstein's Theory of Relativity,
published in 1921, he never refers to Substance and Function.

It will be relevankt, in examining Reichenbach’'s treatment of
Felativity, to look at Cassirer’'s analysis, but we must begin
with an appraisal of Einstein s Theory.



Chapter 3

EINSTEIN AMD HIS THEORIES OF RELATIVITY

Albert Einstein published the Special Theory of Relativity in
1905, and the General Theory of Relativity appeared complete for
the first time in 19i6. The significance of these theories is
not just that they provide new imsights in physics, but because
they examing the fundamental relationships of mechanics within
their spatio-temporal settings. For  two bundred and fifty years
mechanics had operated within the framework specified by Newton;
Fimstein' s Theories supplanted the Newtonian system.

To appreciate the Special Theory of Relativity 1t is necessary
to examine the historical context. Newton’' s mechanics are based
on three principles, — his Laws of Motion -

1 Every body continues in its state of rest, or
of uniform motion in a right line, unless it is
compel led to change that state by Torces
impressed upon it.

R

The change of motion is proportional to the
motive force impressed:; and is made in the
direction of the right lineg in which that force
is impressed.

To every action there is always opposed an equal
reaction; or, the mutual actions of two bodies
upon each other are always equal and directed to
conktrary parts.

{(Newtorn [19343, 173)

The first two of these present conceptual problems which had
beern identified by Leibniz. The problem is  in defining the
framework against which a body can be deemed to be at rest or
moving  with uniform  velocity. Newton’'s mechanical system is
effectively set against an absolute spatial and temporal
framework, so that each body in its spatial setting can be
deemed to have an intrinsic absolute velocity. It was Leibniz’
contention - "The parts af space are determined and
distinguished only by the things which are in them. ..But space,
taken apart from things, has nothing in itself to distinguish
it, and indeed it has nothing actual about it".

{(Leibniz [1973], 23%; Correspondence with Clarke, para 67).

Also, in  his Third Faper to Clarke, Leibniz, in Fara 4,
maintains "space  to be something purely relative....time is an
order of succession” (Leibniz [1973], 211). Thus Leibniz’ claim
is that space is erected as a frame to relate bodies, and time
iws the frame that orders events. In other words, spatial and



temporal measurements sre valid only  in relation to objects and
eventsz, and hence the Mewtonian system which depends on absolute
position  and absolute motion is  fundamentally flawed. Eant,
following Leibniz., also denotes space and time as frames to
relate bodies and svents, but takes a different view of this
from lLeibniz, who had asserted +the primacy of objects and
events, by denonstrating that objechive space and time were
necessary conditions  for knowledoe of such objects and events.
Thus kKant is able to accept the concept of the primacy of space
and timeg, and thereby provides an accommodation  for Newtonian
mechanics, but without resolving the basis on which the absolute
co-ordinates reguired by Mewton's Laws are to be established.
Despite this possibly  inherent weakness in its  foundations,
sclience had uwsed Newton's system for two and &a half centuries
without ssrious problems.

A consequence of the concept of an absolute space with absolute
determination of position and velocity is a simples relationship
for determining the relative velocities of moving bodies. An
mrample, which Einstein himself uses in his popular exposition
Relativity., published im 1920, concerns a man walking along a
train in  the direction in which the train  is moving. [ the
train moves with velocity v, and the man walks with velocity w,
then the man's velocity in relation to the embankment beside the
railway is v + w. If instead of the man walking along the train,
we  consider a ray of light flashed alorng the train in its
direction of travel with velocity ¢ then the velocity of light
in relation to the smbankment should then be v + <.

This consequence, towards the end of the ninteenth Century. had
appaared at odds with emerging theory and experiment. In 1845
the Scottish physicist, Jdamgs Clerk Maxwell, had produced a
generalised electromagnetic Field theory which contained a
constant velocity of electromagnetic tramsmission throuwgh empty
space. Maxwell had postulated that “smpty" space be filled with
a medium  ~the dAether- as carrier of elsctromagrnetic waves (of
which light is & specific example), and this asther allowed a
constant  and absolute velocity of tramsmission of light. The
resultant velocity of light for observers from Maxwell s Theory
should therefore depend on thslr own velocity relative to the
asther. Thus, in the example of Einstein’'s, the observer on the
embankment, if at rest relative to the asether, will record a
light wvelocity of o, whereas the observer on the train will
record a velocity of o-wv.

Following from Matwell’'s theory and the accepted belief in
absolute space co-ordinatss, against which {the aether is
mationless, it showld have been possible to detect differences
i the velocity of light from the Earth depending on differing
relative speeds between the Earth and the aether. Such
differences should smerge 11 the velocity of light is measured
in directions separated by ninety degrees. The Michelson-Morley



experiment was executed in 1887, and no detectable differences
in the velocity of light were detected. Thus,. not only did this
rnot demonstrate the effect of the hypothetical aether, but the
Michelson-Morley result was also at variance with the simple law
of addition of relative velocities that was a direct consequence
of  the Newtonian system. This anomaly had been examined by
Foincarg and Lorentzy the latter having further developed

Manwell's field theories to  account for electromagnetic
phenomena, and in 189% he provided a solution to  the apparent
incompatibility of Maxwell's theory with results of the

Michelson-Morley exwperiment. Lorentz’ hypothesis was that moving
objects are foreshortened in their direction of travel through
the stationary asther by a factaor -
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(1L - v /C)
(Where € is the speed of light and V is the speed of the object)

Fraom this i1t follows that measuring apparatus moving through the
agther will be foreshortened. and it can be demonstrated that on
this hypothesis the Michelson-Morley euperiment would vield a
velocity of light &s messured which was independent of the
direction of measurement. That is, despite the relative motion
of Earth and asther, the velocity of light measured in this way
appears  to be constant. This solution provides a coherent
mathematical structure, but lacks both a scientific
Justification and independent physical evidence to support it.

Einstein’'s Special Theory of Relativity was first published in
19203 in Annalen  der  Fhysik, ser. 4, vol 17, 891-921, "IZur
Elektrodynamilt bewegter kKorper”. Einstein’'s objective is to
reconcile  the foundations of mechanics, not only with the
apparent discrepancies which Lorentz had tackled., but also with
the flaws in  the Newtonian concepts of ‘“absolute space"” and
"absolute time". He was alive to Leibniz’ objections, and
particularly to those made by the physicist/philosopher Ernst
Mach in The Science of Mechanics: A Critical and Historical
fccownt of Its Development. whose first German edition was
pubrlished in 1883, Mach had attempted to relate mechanical
events, not Lo an absolute spatial framework, but, to reference
masses. Einstein therefore takes care to define the concepts he
employs in mechanical measuremsent.

He makes a clear statement of the systems to which relative
measurements are to be applied. Newton’'s First Law of Motion
concerned i1tself with bodies in & state of rest or uniform
motion as measuread against Absolute space and time co-ordinates;
Finstein’'s starting point. in rejecting the concept of absolute
co~ordinates, was to consider spatial reference frames moving
relative to each other with uniform velocity. His objective was
to provide relationships between the measurements obtained to
describe & moving body agsinst one reference frame with the
measuremnents obtailned against a second frame, which was moving
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wniformly with respect to the first reference frame.

He defines how he proposes to make physical measurements of
apatial extension and temporal duration. Spatial coordinates in
gach reference frame are to be constructed from unit measuring
rods, and  temporal duaration is  to  be eeaswred by standard
mechanical clocks. Coincidence of spatial position can  be
clearly esstablished From any reference frame, but Einstein
clarifies what is  to  be understood in  the concept of
simultaneity of events occcurring alt spatially distinct points.
It is the consequence of working with this definition which
gives Lhe Special Thaory of Relativity its revolutionary impact.
The Mewtonian system of mechanics doesn’t require such &
definiltion because an all-pervasive absolute time is presumed.
leibrniz’ objection to  this concept had not  been worked through
in relation to temporal measurement of events until Einstein
tackled it. Einstein was gquite clear that when we come to
measure objects, we choose how we do it. Thus in measuwring
spatial extension we do this with the aid of a physical object,-
for axample a standard mebre -, and in doing this presume that
this will provide consistency. The value of using this measuring
system, however, is only demonstrated in practice when it
provides consistent resulits. Thus the choice 1s in effect
initially arbitrary, but its relevance and usefulness will only
be proven in use when 1t gives repestable results and a means of
scientifically coming to terms with experience. We can proceed
beyornd the spatial measure ' itself by choosing a frame of
reference - co-ordinates — against which we can  record
measwwremsnts made with our standard. With temporal measurement
wE  use a standard clock, but we reguire a rule about how
measuremnents made with this relate to spatially different
pasitions. Elnstein therefore defines simultanecus times at
different points when light signals initiated at these events
arrive together at a point situated equidistantly from the
spatial locations of the evernts. Thus Einstein ties in  the
temporal mebtric with the spatial metric 1in a particular
reference frame, and, for example, two events would be deemed to
be simulitaneous 1t an observer spatially sguidistant from each
were to be informed simultaneously of  both events by light
signals. [t must be noted that the concept of simultaneity of
speciftic events does not transform from one reference frame to
ancther inertial fTrame, bult is & properity shared only by frames
at rest relative to each other.

Einstein, in addition to defining his spatico-temporal metric,
also  introduces a scientific law into his theory, to take
accaunt ot the Michelson-Morley euperimental result and
reconcile it with Maxwell's electromagnetic theory. The
scientific law which Einstein propounds is that the velocity of
tramnsmission of light in vacueo is independent of the velocity of
the body emitting the light. This law had been accepted by
Maxwell and Lorentz. but they had regarded the transmission of
light as a disturbance of the asther, and had therefore
concluded that a reference frame moving relative to the aether



would result in a changed measwe of light velocity. Einstein’s
law reconciles the apparent anomaly with experiment by disregard
af the concept of aether as a carrying medium for
electromagnetic tramsmission, and asserts the fundamental nature
of the electromagnetic, or light, signal itself. His law,
therefore, asserts that the velocity of a light signal has a
comman value in all wniformly moving inertial reference frames.
it is on this ground that he is able to provide a consistent
definition of simultaneity in & particular reference frame. It
is also presumed in  the analysis  that the speed of light is
effectively a limiting speed, *that it provides the fastest
sigral.

HFinstein completes the groundwork Ffor his  theory with his
declaration of the Frinciple of Relativity. The Principle which
Einstein presents is that the same general scientific laws which
are demonstrated to apply in relation to a spatio-temporal
co-prdinate reference system. will also apply when related to
any other reference system which is moving uniformly in relation
to  the first system. Thus there is an esquivalence between
uniformly moving reference systems 1in describing natural
phenomena. This principle is particularly relevant to Maxwell’'s
gguations of electromagnetic transmission which were only valid
when measured against one reference frame,— namely the aesther.
The principle also contains the presumption that therve are rules
of space and time co-ordinate transformation between uniformly
moving reference frames {(inertial systems).

Thus, Einstein sets out with & chosen system of spatial and
temporal  measwring  to investigate the results that he will
achieve in relating physical data to inertial reference frames.
The conditions that such results must be subliect to, are that
the wveloccity of propagation of light is both constamt and a
limiting velocity, and thalt physical laws must be equivalent in
all inertial frames. Einstein is effectively defining a new
epistemological basis for mechanics, and thereby modifying the
Newtonian system with its divect appeal to the existence of
absolute spatial and temporal reference frames. The direct
conseqguence of this approach is that the Lorent: transformations
are derived for relating measwrements in one reference frame
with those in another frame moving uniformly in relation to it.
Whereas Lorentsz, howaver, had mathematically produced his
transfTormations in order to ensure that Maxwell's Laws could be
consistent, Einstein had derived them from epistemologically
considering the measuring process itself.

Various consequences emerge from the Special Theory of
Felativity. First of all., the velocity of light does represent
an  upper physical limit of wvelocity, and the concept of
mechanical propagation at higher speeds invokes the mathematics
of "imaginary” numbers as well as the epistemological problem of
a reversal of temporal (and causal) ordering. Secondly, a moving
object appears to a stationary observer to be foreshortened in
the direction of travel, such fToreshortening approaching to a



limiting value of zero length as the object accelerates towards
the speed of light. Further to this. temporal duration on a
moving body  appegars to increase  when measwred by a stationary
observer, and, &s the body accelerates towards the speed of
light, temporal duration appears to extend towards an infinite
value.

These resullts are a dirsct consequence of application of the
Lorentsz transformations which pre-dated the Special Theory of
Relativity: bt whereas Lorentz had introduced these as a means
of making electromagnetic theory consistent and introduced an
unsupported hypothesis of length foreshortening in the direction
aof motion, Einstein had begun by considering the epistemological
basis of statements and measurements of spatial and temporal
properties. Although, therefore, it 15 not possible
experimental ly to discriminate between the applicability of the
work  of Lorentz and Einstein, because they provide the same

empirical predictions, Einstein provides coherence and
simplicity whereas Lorent: introduces an  additional hypothesis
to provide conformance beltween a theory and its wider

applicability.

It is  also worth noting that the Lorentz transformations, and
hence Einstein’s Theory, only give measureably different results
from Newtonian mechanics when the factor -
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is significant. That is, when the velocity of the measured body
is of the same order of magnitude as  that of light. This
condition only has measureable significance when studying the
movemnents af fundanental small particles, or on the
inter—-galactic scale. Experimental work in both of these areas
has borne out the effects that Special Relativity predicts. For
everyday terrestial physics, however, the Newtonian system
provides an adequate model .

Einstein continues from his study of measured behaviour in
inertial frames by considering the concepts of energy and mass.
There are three separate uses of the idea of mass in physics
which Einstein identifies, but which classical mechanics had
regarded as egquivalent. Firstly, there is mass as representing a
guantity of matter; secondly there is inertial mass (its
resistance to acceleration by an  applied force); and thirdly
there is gravitational mass which determines a body’'s behaviour
in & gravitational field. Einstein considers the third of these
fully in his General Theory of Relativity, but he distinguishes
hetween the first two in  the Special Theory. A consequence of
the application of his theory to dynamic systems 13  that
megasured inertial mass increases as the relative velocity of the
moving body increases. Inertial mass approaches an  infinite
value as  the relative velocity approaches that of light.
Einstein effectively relates snergy of a body to its inertial
mass, and demonstrates the equivalence by the relationship for a




body at relative rest by -

o
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Energy = M

& conseguence of  this result is that i1if & body absorbs a
gquantity of energy £, its inertial mass is increased by an
amount —

y

e

£/C .

Einstein regarded this demonstration of the eguivalence of the
concepts of mass and energy  as the most significant result of
the Specisl Theory of Relativity .

The mathematician Hermann Minkowski, in 1708, added to the
Special  Theory of Relativity, by demonstrating that the
equations of mechanics could be simplified by replacing the
three directional spatial co-ordinates and the single dimension
of time with a unified fouwr-dimensional continuum, in which the
temporal dimension takes on spatial dimensions by using the unit
of measurement 107 where 1 is the "imaginary" sguare root of -—-1.
This vields the concept of a space—time invariant measure of
increamental length as —
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where X,Y.Z &are conventional space co-ordinates. The Theory of
Relativity thereby provides an abserver with an integrated view
of space—~time, and cornforms to the reguirements of kKant, for
whom the empirical world, if it is to be the subject of
kriowledge, must be presented in & cohersent spatial and temporal
setting. Events must have spatial and temporal position, and
must be causally relateable.

Minkowski s simplification enabled Einstein to develop his
theaory further with publication in 17186 . in Annalen der Physik,
ser. 4, vol. 49, 769-82%, as "Die Grundlage der allgemeinen
Relativitditstheorise", of The General Theory of Relativity.

The General Theory extends relativistic mechanics to general
systens of reference, whereas the Special Theory had been
confined to inertial syetems moving uwniformly in relation to
@ach other. Einstein extends his Frinciple of Relativity to
cover not only inertial systems, but such that the laws of
physics apply to systems of reference in any kind of motion.

All bodies of reference...are eguivalent for the
description of natuwral phenomena (formulation of
the gerneral laws of nature), whatever may be their
state of motion.

(Eirmstein [19201, &1)



Equipped with this and Minkowski's method of analysis of the
space—time continuum, Einstein gramines & system of a
generalised geometry of space-time. He considers, for example,
geometry on the surface of a rotating disc. Using the results
agbtained in the Special Theory we can imagine an observer at the
centre of a rotating disc with two unit measuring rods at the
perimeter, — one in a radial position and the other tangential.
AFocording to the Special Theory the tangential rod will suffer a
length contraction as measwred by the stationary observer,
whereas the radial rod will maintain its measured length. Thus
the measured ratio of the total circumference to the radius of
the disc will be less than 2 X "pi", which is the result that
would  have obtained on & non-rotating disc. Thus, for the
observer at the centre of the rotating disc, Euclidean geometry
does not apply Lo the suwrface of the disc. The geomebtry is akin
to that on the surface of a convex surface, — the further the
tangential measuring rod is moved from the centre of the disc
towards the circumference, the faster 1t appears to move in
relation to the observer alb the centre, and consequently the
emaller the value of measwred "pi"‘that is cobtained. Similarly
the larger the circle drawn on a convex stationary surface;, the
gmaller the measured value of "pi". Thus Einstein demonstrates
that the actual geomsbtry of general space 1s  determined by the
dyrmamic configuration of that spaece. Euclid’'s geometry can
therefore have no universal application, but can apply only as
arn aporoximation in small volumes. The geometry of space is not
determined a-priocri, but is an empirical property dependent on
the local dynamics. Einstein therefore moves on Tfrom
considering rigid inertial reference frames, as in the Special
Theory of Relativity, anc refers measurements to &
four—-dimensional "mollusc”. He uses this term to indicate the
generalised geometry with which he is working, using a
non-Euclidean system of a type as first used by Gauss.

Einstein continues to examine spatial properties, and looks at
the effect of mass on spatial geomebry, having previously
identified that inertial mass and enerqy are effectively
identical. He considers an  isolated body subject to an
acceleration, and concludes that resultant force on  the body
could squally validly be interpreted as either gravitational ovr
irnertial. He thereby concludes that just as the inertial forces
on a body determine the local geometry of space, so does the
local gravitational field, and that the gravitational mass of a
body is aquivalent to its inertial mass. For Einstein,
therefore, the gravitational field is a local property of space.
He has thereby withdrawn gravity from the contemporary search to
relate it to the electromagnetic field properties developed by
Marxwell and Lorentz. Gravity is a geomstrical property of space,
which 1is determined by the local configuration of inertial

MABBEE.

Several consequences derive from  this which are empirically
verifiable, of which the most immediate is that light must be
subject to  the influences of mass through the local
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gravitational geometry. Rays of light are in effect propagated
curvilingarly in gravitational Tields, and hence light, when in
the neighbourhood of inertial masses, does not maintain a
constant velocity Yc'. This has been demonstrated by measuring
the deflection of stelliar light by the influence of the mass of
the Sur, when this can be observed as during an eclipse. On the
face of it, Einstein’'s Law of the constancy of velocity of light
in vacuwo appears to be  invalidated by this conclusion, but he
maintains  that this law does represent a limiting and ideal
condition of the behaviowr of light which is not subject to
gravitational influence. {n his simplified summary of the theory
in  his  book Reglativity:. Einstein draws the analogy of the
Special Theory being a limiting case of the General Theory of
Relativity, by referring to slectrostatics as a limiting case of
electrodynamic theory, and being none the less relevant thereby.
He then quotes -

No fairer destiny could be allotted to any physical
theory., than that it should of itself point the
way to the introduction of a more comprehensive
theory, in which it lives on as a limiting case.
(Einmstein [19201., 77)

Finstein is following through the principle of scientific
development of bkrnowledge which Cassirer had enunciated in
Substance and Function.

A further validation of the General Theory is its explanation of
the precession of the orbit of the planet Mercury round the Sun,
- which cannot be explained in terms of classical mechanics.

Finstein's achievement in  the General Theory is twofold. He
primarily clarifies owr concepts of gravity and the generalised
geometry of space; but he also provides a mathematical method of
@xamining spatial properties by providing and interpreting
Minkowski’'s generalised co-ordinates uwnder a systenm of
transformations using tensor calculus. He thus provides a method
af transforming the universal laws of physics to relate to any
general reference frame.

=

i

Cassirer on Relativity

Fefore considering Reichenbach’'s writing onm Relativity it is
apposite to review Cassirer’'s Einstein’'s Theory of Relativity
(ETRY  which he published in 1921, and which he regarded as
supplementary to his earlier work in Substance and Function.

This actually is published later than Reichenbach’'s first

publication on Relativity - Relativity and & Friori knowledge
{(Reichenbach [19207) ~ but the argument is a direct conseqguence

af  the 1910 publication Substance and Function and which
therefore will have had bearing on Cassirer’s influence as




teacher of the student Reichenbach.

Cassirer’'s thesis 1in Substance arngd  Function is that our
scientific krowledge is  a construct of concepts that enable us
to come to terms with empirical reality. Truth of such concepts
is not guaranteed by reference to an underlying reality, but by
demonstration of their relevance and consistency in the use we

make of them. These concepts are modified as science develops,
the  Ffundamental reguirement being  that they conform to  an
overall unity, -~ that the synthesised system be self-consistent.

Thus he maintains the limk with Eant’'s transcendental method,
but has jettisoned Kant's acceptance of unchanging a-priori
laws.

in ETR Cassirer reaffirms these conclusions and looks at the
transition represented by the replacement of classical mechanics
with the principles of Relativity. Classical mechanics had
attempted to create & unity of scientific knowledge as &
mechaniem set against an absolute spatico-temporal framework, and
had stumbled on the contradiction represented by the constancy
of the velocity of light when related to the classical manner of
treating relative velocities. Cassirer sees this contradiction
arisirmg from & misplaced objective of science in  looking for
"machanism” rather than “unity”, and "concerning this unity the
phyveicist doss not need to ask whether it is, but merely how it
is: i.e. what is the minimum of presuppositions that are
necessary and sufficient to provide an exact enxposition of the
totality of experience and its systematic connection.” (Cassirer
19237, Z73). He summarises the epistemoclogical value of the

Theories of Relativity in a concise paragraph -

But the path by which alone this true universality
of the concept of naturs and of natural law, i1.e. &
defirnite and objectively valid description of
phenomena independent of the choice of the system of
reference, is to be reached, leads, as the theory
shows, necessarily through the "relativisation” of
the spatial and temporal magnitudes, that hold
within the individual system; to take these as
changeable, as transformable, means to press through
to the true invariance of the genuine wuniversal
constants of mnature and universal laws of nature.
The postulate of the constancy of the velocity of
light and the postulate of relativity show themselves
thus as the two fixed points of the theory, as the
Tived intellectual poles around which phenomena
revolve; and in this it is seen that the previous
logical constants of the theory of nature, i.e. the
whole system of conceptual and numerical values,
hitherto taken as absolutely determinate and fixed,
must be set in flux in order to satisfy the new and
more strict demand for unity made by physical thought.
(Cassirer [193231,. 373)




For Cassirer, theretors, Einstein’s Theory presents itself 2= -
perfect example of the development of krnowledge as a unity in
our understanding and he relates this back by quoting from kKant-

"Rut it is clear,” says Kant, "that we have only to
do with the manifold of our presentations.....i the
unity, which makes the object necessary,; can be
rnothing else than the formal unity of consciousness
in the synthesis of the manifold of presentations.
Thus we say: we know the object when in the manifold
of intuition we have produced synthetic unity.”
(Cassirer (19233, 380)

Finstein is seen by Cassirer as vindicating the Kantian method.
Cassirer procesds to examine Einstein's two postulates of the
Special Theory of Relativity and distinguishes between them. The
constancy of the velocity of light is an empirical fact, whereas
the primciple of the relativity of equivalence of reference
frames for formulating universal laws of nature is  "a general
masim .. for the imnvestigation of nature, which is to serve as a
heuristic aid in the search for the general laws of nature.”
{(Cassirer [19233, 377). He designates the first postulate as
"material’ and the second as "formal”, and asserts that in
placing the formal principle above the material, Einstein makes
the essential step to the General Theory of Relativity where he
subjects the velocity of light to the comstraints of local
spatial geometry. Thus the postulate of relativity provides
seience with an object which is independent of the observer and
his system of reference, it-

assures and grounds the empirical reality of all
that is established by it as a "fact” and in the
rame of objective validity.

{Cassirer [19E37, 393)

Cassirer later goes on Lo consider Kant's conception of space
and time and the apparent paradoxes that result from his
acceptance of the NMewtonian mechanical system with its reference
tn absolute spatial and  temporal co-ordinates, given that for
Kant space and  time were manifolds or constructs  that we

mecessarily impose on  the empirical world and were not
independent and absolute exwistences. Cassirer takes pains to

remove the paradoxes by examining Kant's doctrines of space and
time and begins by quoting from the thirtyfour year old Eant,
influenced by Leibniz, -

I should never say a body rests without adding

with regard to what it rests, and never say that

it moves without at the same tims naming the object
with regard to which it changes its relation. If [
wish to imagine also a mathematical space free from
all creatures as a receptacle of bodies, this would
still not help me. For by what should I distinguish



the parts of the same and the different places,
which are occupied by nothing corporeal.
{Cassirer [17233; 410)

Cassirer regards Kant’' s apparent acceptance of absolute time and
space, as in  the "Analogies of Experience” within the Critigue
af Fure Reason, or in his  support of Euler’'s attempted proocf of
the validity of the absolute Newtonian concepts, as "an episode
in kKant s evolution',-~ (Cassirer [19237, 411). He then proceeds
to draw out guotations from Eant illustrating that space and
time are sources of empirical knowledge and have no absolute
reality, but act as reference frames for science. Kant was fully
aware that all measurement was relative, but that it was
necessary for us in order to assimilate the measurement to posit
it in & spatio-temporal setting. Thus Einstyein’'s postulate of
the eguivalence of reference frames finds its equivalence in
Fant in the synthetic unity of experience grounded in a spatial
and temporal setting. Two references from Kant are illustrative,
the first Cassirer paraphrases from the "Inaugural Dissertation”

The two, space and time, signify only a fixed
law of the mind, a schema of conmection by which
what is sensuously perceived is set in certain
relations of co-existence and sequence. Thus the
two have, in spite of Their "transcendental
idealitv’, "empirical reality”, but this reality
means always only their validity for all euperience,
which however must not be confused with their
existence as isolated objective contents of this
gxperience itself.

{(Cassireyr [19233, 41%)

and the second is taken from Metaphysical Foundations of
Matuwral Science -~

fAbsnlute space is thus necessary not as a concept
of a real object, but as an Idea, which should serve
as & rule for considering all motions in it as
merely relative, and all motion and rest must be
reduced to the abscolute space, if the phenomena
of the same are Lo be made into a definite concept
of experience that unifies phenomena.

{(Cassirer [1923]1, 416)

This =second guotation from kant ididentifies a conceptual
difficulty inmherent in & science which accepts spatial and
temporal relativity. Einstein, with his postulate of

equivalence, effectively says that a fact or a law is only
objectively significant if, in postulating it relative to a
chosen schema of reference, [ am alzo able to interpret it
relative to any other possible reference schema. kant's
quotation identifiss this point in that, recognising that
knowledoe is gained against & specific spatial reference frame,
we nesd the idea of an absolute space to make it general and



properly obiective. Whereas Kant’'s conclusion, however, leaves
s with & conceptual difficulty in  somehow envisaging  an
absolute spatial framework to encompass all possible relative
reference frames, ESinstein’s solution is clear and unambiguous
in providing only transformation formulaes between frames.

Cassirer compliments the Theory of Relativity on this point-

it is tihe merit of the theory of relativity not

only to have proved this (the unity of empirical
krnowledge) in & new way but also to have established
a principle, i.e. the principle of the co-variancy
of the universal laws of naturs with regard to all
arbitrary substitutions, by which thought can master,
put of itself, the relativity which it calls Tarth.

{(Cassirer [1923], 421)

Cassirer has thereby depicted the Theory of Relativity as a
fulfillment of neco-kKantianism. Having previously removed the
logical necessity of Kant’'s a-pricori principles, and replaced
them with revissable constitutive principles, Cassirer is able
to reconcils Kant's synthesis of space and time with Einstein’s
theory. Reichenbach’ s Kantian mentor was thereby enabled to

maintain his philosophical position after the Theory of
Relativity. it i now  apposite  to gerxamine Reichenbach’'s

FESPONSEE .



Chapter 4

RETCHENMBACH, RELATIVITY . ARND KANT

It iw appropriate to begin a consideration of Reichenbach’'s work
with his early writing on Relativity, because although his most
erduring fTascination was with the application of probability to
krowledge and causal structure, his first major contributions to
Fhilosophy concerned Relativity. Einstein’'s lectures in Berlin
in 1919, which Redcherbach atitended, provided a major shock to
the FKantian philosophy which underpinned the young Reichenbach's
appreciation of science. Biven, however, that Cassirer had been
Fegichenbach’ s teacher of Fantianism, it should perhaps have been
gupected that Einsteiln could have been interpreted as fulfilling
the legacy of  kKant through Cassirver, given for example
Caszirer s observation in 1910 in Subsitance and Function

it [the Geomstry of physical Space] can be sought
orily in observation
(Cassirer [1933], 106&)

Reichenbach wrote three books specifically on the subject of
Felativity., ~ The Theory of Relativity and &  Friori_ knowledge

{RAEY  published in 1920, Axiocmatisation of the Theory of
Relativity (ATR) published in 1924,and The Fhileosophy of Space

P

and Time (F5T) published in 1928. The first and third of these
are examined here. RAE representsz Reichenbach’'s review of kKant's

critical philosophy against the radical introduction of
Relativity into Fhysics, and PET is & more detailed analysis of

Felativity in terms of its implications for philosophical
understanding of space and time.

The Theory of Relativity and & Priori Enowledas (RAK) [1920]

I his Introduction to RAK Reichenbach begins -~
Einstein s theory of relativity has greatly atfected
the fundamental principles of epistemclogy.

{(Reichenbach [19637, 1)

He is primavily concerned with the work of Fant and proceeds to
illustrate two points at which Relativity contradicts this -
It [relativity] deprived time of i1ts character as
an Lrreversible process and asserted that events
=xist whose temporal succession may be assumed in
the opposite direction. This interpretation



contradicts....the concept of time held by Kant.
(Reichenbach [1963]3, 2)

This theory asserts...that the theorems of Euclidean
geaometry do not apply to our physical space. ...Kant's
transcendental aesthetice starts from the self-evident
validity of the Euclidean axioms.

(Reichenbach [19265]1, 4)

The first of these criticisms arises from Einstein’s conclusion
in the Special Theory of Relativity that temporal order can only
he defined in relation to & particular reference frame. Thus,
although event "A" may precede event "B" in one reference frame,
it may not necsssarily precede it when measured against a second
reference frame which moves relatively to the first reference
frame. Kant’' s reasoning in the Critigue of Pure Reason can be
interpreted as relating to a Newtonian reference framework of
absolute temporal coordinates, against which there is a unigue
temporal seguence of events. Cassirer was to reconcile this
apparent contradiction by illustrating that Kant's concept of
temporal ordering could be reconciled with the principle of
relativity, and that, although in  the Critigue of Fure Reason
Karnt appears to use Newtonian concepts of time and space, he had
glsewhere regcognised that these manifolds were not absolute
realities but sources  of empiricaxl knowledge for which
measurement was relative.

The second coriticism of Kant by Reichenbach, refers to Kant’'s
unguestioning acceptance that Buclidean geometry necessarily
applied to the empirical world. Mon—-BEuclidean geometries, with
which Reichenbach was thorouwghly conversant, had not been
developed when kKant was writing. Given Kant's acceptance of
Fuclidean geomstry, however, 1t is illustrative to reflect on
Fant's view of its empirical relevance. Space, for Kant,
expresses the order we impose on objects, and its geometry is am
imposed transcendental ideal form. Kant would not go further
than this to claim a pre-determined empirical result of the

ouwtcome of making physical measurements with rulers  or
theodolites: he would leave open  the possibility that in some
environments rulers may behave as if they're bent or

foreshortensed, or that light rays may appear to be deflected.
Kant sees geometry in its method of constructing relationships
in the empirical world, but he would not claim that it gives
empirical krnowledge of objscts. Buchdahl sees kant's use of
geometry as a procedurs

A1l that is perhaps acceptable in Eant's argument

ig its procedural approach: we have to feed some
gecmetry or other into our treatment of physical
phenamena, before we can even begin to reason
geometrically or physically about them. ... Geometrical
systems are not derived from exuperience. They are
oresupposed in order to carry out empirical
investigations. On the other hand, 1f these



investigations become too cumbersome or complex,
it is perfectly popssible to replace one geometry
by another.

(Buchdahl [1969], 610)

The General Theory of Relativity demonstrates that it is simpler
at the cosmic level to work with non-Euclidean geometry; in
attempting to use Buclidean geometry we are obliged to introduce
new suppositions into our laws of empirical bebaviour.
Reichenbach' s claim that Euclid's axioms "do not apply" makes
the case a bit too forcibly, but there is & valid criticism of
the Fantian system to make, in  that kant's arguments
pecasionally legan too heavily on the accepted scientific reason
of his age. Reichenbach generatss & more thorough discussion of
spatial geometry in The Philosophy of Space and Time.

Feichenbach thereupon gutlines his approach to his analysis -

First, we shall establish the contradictions existing
hetween the theory of relativity and critical
philosophy and indicate the assumptions and empirical
data that the theory of relativity adduces Tor its
assertions. ... we shall investigate what assumptions
are inherent in kKant’'s theory of knowledge. ... we
shall decide in what sense Fant's theory has been
refuted by experience. Finally, we shall madify the
concept of a priori in such a way that it will no
longer contradict the theory of relativity ..... .
The method of this investigation is called the method
of logical analysis.

{Reichenbach [1965], 5)

The abisctive of the exercise is a reconciliation of Relativity
with kant through a modification of the concept of a-priori.

Reichenbach, during this analysis, introduces three definitions
of a-priori that permeate Kant's work -

what the forms of ... the concept of knowledge
require as self-evident.
{Reichenbach [1%9651, 6)

"mecessarily true" or Ytrue for all times”
{(Reichenbach [1%65], 48)

"ronstituting the concept of object.”

(Reichenbach {19681, 48)

Reichenbach’'s analysis 1s concerned primarily with slucidating
the implications of the third definition, and then assessing
these against the second definition. The first definition is
dismissed as inadequate in that, for example, Kant’'s premiss of
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the self-evident applicability of Euclidean geametry to the
matric of physical space has been rendered invalid by the Theory
of Relativity and the measureable physical consequences of its
interpretation.

&t root of Reichenbach’s discussion is his  agreement with Kant
on the souwrce of empirical knowledge -

it was Kant's great discovery that the object of
knowledge is not immediately given but constructed,
and that it contains conceptual [a-priori] elements
not contained in pure perception.

{(Reichenbach [196%]1, 49)

it is the nature of these “"conceptual slements” and  their
application which is FReichenbach’s concern, given that Kant's
analysis is now found to be at variance with a demonstrable
theory of physics. As an engineer he resorts to the mathematical
tools of his trade, and he offers gentle criticism of the
"metaphorical” nature of EHant's construction of categories -

Kant’'s conceptual constructions belong to an era
distinguished more by grammatical than by
mathematical precision

{Reichenbach [19651, GO)

Reichenbach sets out the dichotomy betwsen the truth of
mathematical propositions and the truth of propositions relating
to the physical world. Whereas mathematics completely defines
ite objiects and rules of conmnection to generate necessary

consgquences as truths - "they merely represent new combinations
of known concepts according to kEnown rules” (Reichenbach [1965]7,
ZH) -, the physical object cannot be fully determined in  a

3
similar a&-priori manner -

It is a thirng of the real world, not an object
of the logical world of mathematics.
{Reichenbach [19651, 36)

The relationships that are established between physical objects
and eupressed in mathematical terms are not logical truths in
the manner of the truths of mathematics, but should be conceived
as "co-grdinations’. FReichenbach gives an illustration of this
in considering the significance of the relationship denoted by
Foyvle's Law F.V=R.T . This expression effectively "co-ordinates”
perceptions and measurements we can make through the mediation
of our senses. For example, the concept expressed by "F", which
denotes the measured presswre of gas, relates certain direct
perceptions of the gas "such as  the feeling of air on the skin”
with indirect perceptions of the gas "such as the position of a
pointer of a manometer”, (Reichenbach (19631, 37).

To elucidate the nature of the co-ordination that applies to
physical concepts. Reichenbach plunges  back into images



extracted from aathematics and examines the co-ordination
betwesn elements of mathematically defined sets. It is possible
irm mathematics to establish correspondences between defined and
denumerable sets, and Reichenbach illustrates by coordinating
from the set of rational fractions to points or intervals on a
straight line. Buch coordinations are possible in mathematics
ard can  be uniguely defined, but, Reichenbach makes clear, in
mathematice the concepts we are coordinating are &ll clearly
defined and ordered. He snphasises the difference, however,
between such a coordination between mathematical sets and the
coordination of scientific concepts to the empirical world, in
that whereas in mathematics the elements of each set are
completely defined, when encountering the "real” there is no
definition of the elements of the empirical world other than in
the conceptual co-ordination.

Thus we are faced with the strarmnge fact that in
the realm of cognition two sets are co-ordinated,
pre of which not only attains its order througbh this
co-ordination, but whose elements are defined by
means of this co-crfination.

(Reichenbach [1965]1, 40)

The problem that then arises is in deciding whether a particular

co-ordination 1is correct, because such a system cannot be

unigque. For example, how can we decide which system of
geonstrical axioms to co-ordinate with the properties of

physical space? Reichenbach is effectively embarking on  an
analysis of Foincarg’'s Conventionalism. Henri Foincar®, the
French mathematician and philosopher, writing at the end of the
Ninteenth Century, had asaccepted the Kantian corncept that
krowledge iz  formed from experience  throwgh application  of
rules:  but had argued against Kant's a-priori necessity for
specific rules, and had decreed that these were conventions.

Heichenbach does not refer to Cassirer’s work in this analysis,
put his  argument follows that developed in Substance and

.

Function towards Cassirer's conclusion that

We call a proposition "true’.. [if it 1s consistent
withl «.the tendency towards progressive
unification [of knowledge].

{Cassirer [1923], 318)

Reichenbach’'s approval of a "correct” co-ordination is subject
to "the fact that it is consistent” (Reichenbach [1965]1, 43).

Application of ceo-ordination to objects must therefore be
systematic, in the sense that it must not contain implicit
contradichtions. It must therefors be regulated by co-ordinating,
or constitutive, principles. Whereas Fant, however, had looked
to the system of Aristotelean logic to provide a self-consistent
set of principles, Reichenbach is claiming that the principles
are refined by euperience in their application through specific
co-ordinations to provide empirical measurement. Thus the system

-
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of co-ordination that is employed must consistently produce
predictions that are in  agreement with scientific observation
arnd measuremsnt. Dicagresment dmplies that correction  1is
necessary to the co-ordination or the constitutive principles of
co-grdination. & theory is true “which continuously leads to
consistent co-ordinations” (Relchenbach [1963%], 43). He approves
of Schlick who defines "truth in terms of unigue co-ordination”.
Feichenbach’'s statement of what is empirically reguired is thus-

Yriigueness of a cognitive co-ordination means
that a physical variable of state is represented
by the same valus resullting from dirferent
enpirical data.

(Reichenbach [19958]1., 4%8)

He is effectively making the same claim on  knowledge that
Cassirer had doney that conclusions should not be contradictory.
For example, if General Relativity theory suggests a particular
solar deflection of light, then all methods of determining this
should arrive at this result if our system of coordination is
Unigque.

Me therefore recasts FKant' s search for the principles by which
to establish synthetic a-priori judgments, with the question-—

By means of which principles will a co-ordination
af equations to physical reality become unigue?
{Reichenbach [19631, 47)

Reichanbach takes care to emphasise the distinction between the
"real”  and our experience of it, because it is only through
experiesnce that 1t can be krnown.

#11 attempts to describe it remain analogies or they
characterise the logical structurs of the experience.
{Reichenbach (19651, §0)

It is meaningless to look for principles ordering the "real’”,
there are "only principles referring to the conceptual side of
the co-ordination” (Reichenbach [19651. 332).

karmt had recognised this distinction between the form  and
content of knowledge and set out to look for the ordering
principles in mathematics and Aristotelean logic. Reichenbach
rnow challenges him in this approach, since there is no necessity
that & logically consistent conceptual basis will co-ordinate
undgquely with the ‘Yreal”. Reichenbach’s method of logical
analysis therefore is to investigate inowledge itself to detect
the adiomatic conceptual principles, rather than to investigate
only reascn which is unsullied by the challenge of physical
EHOEr LEaNCe .

This departure from Kant’ s justification of method is a decisive
break, and represents an assertion of an empirical approach, as

-



opposed to Kant’'s transcendental logic. Having accepted the
Kantian premiss that empirical experience must be formed through
a conceptual schema, Reichenbach is not prepared to accept the
additional premiss that this schema should conform to specific
rules of reason. Reichenbach’'s source of these rules is  to be
empirical knowledge itself. The principles of co-ordination that
he sesks are to provide the contextual setting for empirical
corncepts, effectively determining spatial and temporal ordering
arnd rules of connection. These are the rules applying to Kant’'s
apace  of fouter  intuition”, excepting  that whereas Kant
attempted to Justifty these from appeals to reason  and
wel fevidence, Reichenbach’'s logical analysis demands that the
principles be sought only within scientific knowledge itself.
kKart, himself, of couwrse effectively employed the same method,
and established an epistemological justification for Newtonian
physics, but the exposure of the shortcomings of Newton's system
by the Theory of Relativity also exposes Kant's justification of
the a-priori principles that his analysis reveals.

Reichenbach thus clarifies that he is searching for the
axiomatic structure of contemporary physics. The principles
which he is attempting to elucidate are for example genidentity
- Yihe same thing remaining  identical with itseld in time”, and
time and space, - with the requirement "that four numbers are
necessary to define a single point” (Reichenbach [19681, 53).

He is  thereby euxploring the third definition he gives of
a-priori, that is of those conceptual elements that are brought
to  empirical experience. Reichenbach proceeds to review this
against the second definition of being "necessarily true” or
Perue far o all  time". Having shown  the weaknesses aof the
presumption of Fant that the principles of human reason  are
absolutely necessary and thus inviolate, Reichenbach draws
attention to  the conclusion of his own  analysis that what is
required is a wnigue co-ordination with physical reality. The
"rexl’  is  guite independent of reason, and therefore the
presumption  that a particular set of logically consistent
principles should necessarily provide a unigue co-ordination
with reality implies effectively that any self-consistent set of
principles would also provide a unigque co-ordination. The
implication is that Eant’'s theory contains the hypothesis "that
any arbitrary, explicitly consistent system of co—-ordinating
principles can arrive at a unigue co-ordination of equations Lo
reality” (FReichenbach [1968], 60). Reichenbach therefore looks
to  the Theory of Relativity to identify if this can be the
CaSE .

The Theories of Relativity clearly refute the general
applicability of Euclidean geometry to the properties of
physical space. Thus, a particular self-consistent system of
principles can not be applied to co-ordinate with the geamatry
of space, indicating that this implied hypothesis of FKant is
invalid. Reichenbach therefore makes the claim -



Kant & proof is, therefore, false. cocsoees
.e There exist systems of co-ardinating principles
which make the unigueness of the co-ordination
impassible; that is, there exist implicitly
incoansistent svetems.

(Reichenbach [19651, 67)

Feichenbach goes further than this, in that he acknowledges that
the Special Theory of Relativity provides a system of principles
at co-ardination for space and time that supercede the Newtonian
system accepted as “self-evident” by Kant. This resolution
itsalf, Mowsever, is demonstrated to be inadegquate within the
wider considerations of the Gerneral Theory of Relativity. This
is a demonstration of the inductive process of empirical
seience, in which not only is a particular empirical hypothesis
under guestion, but the basic system of co-ordination underlying
enpirical concepts is also subject to revision. This progressive

modification of co-ordinating principles  through the two
theories of Relativity does indicate that inconsistency =— as
with the applicability of Euclidean geometry - does not thereby

result in & total recasting of &1l of science that has been
developed to date. Einstein himself demonstrated that the
Fuclidean system and Newtonian mechanics were in fact limiting
~ases within the wider framework of Special Relativity, which in
turn is a limiting case of General Relativity in the absence of
gravitational fields. Thus -

the old principle can be regarded as an
approvimation for certain simple cases.
(Reichenbach [19451,. 69)

Reichenbach rnames  this “inductive pgrocedure the method of
successive approximations.” and states that -

It is logically admissible and technically
possible to discover inductively new co-ordinating
principles that represent a successive approximation
aof the principles used until now.

{(Reichenbach [17265%], 69)

Feichenbach’'s intention in RAK is to reconcile his grounding in
kant’'s philosophy with the shock of Relativity. He therefore
refers his method of successive approdimations back to Kant —

It seems to me that this method of successive
approximations represents the essential point in
the refutation of Kant’'s doctrine of the a priori.
sewslant based his theory of the & priori uwpon the
possibility of knowledge; but he was well aware of
the fact that he could not demonstrate this
possibility. He did not exclude the idea that
knowledge might be impossible; ... 1t seems
strange that Eant clung to his dogmatic theory

of the a pricri with such tenacity in spite of his

~ b5



clear insight into the accidental character of the
affinity of nature and reason.
{Reichenbach (19653, 70,71)

Thus the conclusion on why FKant srred, must relate to the
methods he employea —

he wiho had discovered the essence of epistemology
L his critical guestion confused two aims in his
answers to this guestion. I he searched for the
conditions of knowledge, he should have analysed
Srnowiedgs:; but what he analysed was resson. He should
have searched for axioms instead of categories. ...
Thus his method &iwavys leads him back to the
criterion of self-evidence.

(Reichenbach [1986831, 72)

Reichenbach, determined Lo salvage sowe of his Kantian heritage,
therefore redefines his objective in terms which Kant would have
recognised, with the question: "What co-ordinating principles
make & unigue co-ordination of egquations  to reality possible™”
(Raeichenbach [194657, 74). His method must be a logical analysis
of empirical knowledge itseld. and the s-priori principles he 1is
loocking for are thosz co-ordinating principles which constitute
the world of sxperience. That they exist is unquestionable given
that we have consistent scientific krnowledgs, bubt we “"must
abandon the question of  how lomg  thelr specific forms  will
Femnmain valid.” {Reichsnbach [1%631, 78). Analysis will reveal
only & specific formuwlation of co-ordination, which, Just as
General Relativity replaces Special Relativity, may be replaced
by & more general formulation. We must accept

the most gensral Forawvlation atitainable at a
certain ooment o
{Reichenbach [19683, 79)

It is interesting to compare this conclusion of Relchenbach’'s
with FPoincarg s enunciation in Scisnce and Hypothesis, first
prabilished in French in 1902

The principles are conventions and disguised
definitions. Yel they are drawn from experimental
laws: these laws have, so to speak, been exalted
imto principles to which ow mind attributes an
absolute value.

{(Foincareé [194&61, 129)

Foincarg had recognised the wesakness in Kant's  concept  of

unchanging &-Eriori principles, which Reichenbach also
identifies in Fak, and he therefore nominates these as
conventions which develop as scientific krnowledge develops.
Reichenbach was  always reluctant to smbrace Foincaré’s

Comventionalism because it was not clear to him how it was
possible to determine whether a particular sel of conventions in
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uwse would necessarily lead to consistent empirical conseguences.
Jerzy Gisdymin in Science and  Convention explores the degree of
divergence betwsen Foincarg and Reichenbach (Giedymin {19821, 195
- L7,

At this juncture Reichenbach retuwrns  to the guestion of whether
& wnigus co-grdination will always be possible. Science
contemporary to Reichenbach’ s writing of RAK indicated that &
unigque co-ordination for empirical krnowledge was possible, -
although the subseguent development of Quarntum Mechanics would
make this assertion problematic, given that descriptions  of
sub-atomic events cannot always be consistently given in terms
af either a pariticle or a wave representation. Relchenbach,
however, cowld esmtablish no grounds  on which a unigue
co~grdination was necessary. For Reichenbach, the implication of
& unigue co-ordination was  the existence of physical constants,
but this existence was demonstrated  through science and was not
a necessary conseguence of empirical measurement. He also draws
abtention to actual eapirical measuwrement which can never be
frese of random error, but which error is allowed for in relating
the concept to experiment: thus in validalting Bovyie's Law of
FuoM=R.T we a&allow TFor zmall discrepancies Trom & perfect
straight—-line relationship. Reichenbach anticipateas that we may
have to add probability assumptions to incorporate some physical
phanomana in & law-like schema -

this assumption replaces the concept of unigueness
with regard to determining the definition. Certain
assumptions of quantum theory may suggest such a
gengralisation of the concept of co-ordination.
{Reichenbach [19&6%1, 85)

He therefore concludes -

that the uniguenesss of the co-ordination cannot
h@ Rgcprtain¢d= it iz a conceptual fiction that
nly approximatsly realised.

{Reichenbach {19651, 85)

It is necessary therefore to

relinguish uniguensss as an absolute reguirement
and call it & principle of co-ordination, just
like &1l the others

{Reichenbach [19651. 86)

Before Turther consideration of Relativity, Reichenbach draws
hie conclusicons on the object of knowledge

The principles of co-ordination represent the
rational components of empirical science at a
given stage. ... A particular law represents



the application of those conceptual methods
laid down in a principle of co-ordinaticn: the
principles of co-ordination alone define the
Enowledges of objects in terms of concepts. Every
change of the principles of co-ordination
produces a change of the concept of object or
event, that is, the object of knowledge....
our coancepts of the very aobject of knowledge,
that is, of reality amnd the possibility of its
gescripticn, can onily gradually become more
precise.,

{Reichenbach [196%], 87)

He also makes clear that because the principles of co-ordination
are selected in order to comprehend reality, and are not
prascribed by reality, they are in a sense arbitrary. We can
therefore expect within the framework of co-ordination to find
equivalent systems,— or perhaps more accurately subsystems. He
turns  to the Theory of Relativity to amplify this, in that
choice of a spatio-temporal reference frame can be arbitrary,
although relateable to other reference frameworks by equations
of transformation.

the theory of relativity tesches that the metric
is subiective only insofar as it is dependent upon
the arbitrariness of the choice of co-ordinates,
ard that independently of them it describess an
obiective property of the physical world.
(Reichenbach [19&63], F0)

It ds illuminating to refer back to Lassirer’'s work bSubstance
and  Function written ten vyears earlier. The conclusion that
Fant & a-priori principles cannot be necessary and unchanging is
shared. Hobth writers ses an evolution of knowledge, derived from
enplirical sdperisnce, but whereas Cassirer looks for empirical
truth in a "progressive unification” of knowledge, Reichenbach
cannot Justify this "unigue co-ordination” a8 a necessity or
even as a possible ideal limit. Reichenbach writes as if fired
by Cassirer’'s critigque, but as &n enginesr he is more merciless
with the Kantian logic and submits it to the final guestion that
Caseirer has not asked - "Is it necessary for empirical
knowledge to be a self-consistent system?” Two vyears after RAK
Feichanbach wrote a paper which was published in Logos 10. no.3,
E16~E378, and translated in 1939 as "The Discussion of Relativity
Mow". In  this he gives & thorough consideration of Cassirer’s
caorallary to Substance and Function - Einstein’'s Theory,
published in 1921. His approval imitially appears unreserved -

His [Lassirer sl work is the masterful presentation
of a historian to whom systematic analysis gave
breadth of vision, and whose superior competence
lacks dogmatiem. His every sentence evinces a
command of critical analysie that is bent, not on a
preservation of Kant's doctrines, but on a

-~ &8




continuation of Kant' s methods. The transcendental
method searches for the presuppositions of knowledge;
if the system of knowledge has changed since kKant,
thern Kant' s presuppositions of knowledge must be
corrected. There is no doubt that the contradiction
petweern Kant and Einstein can be resolved in this way.
{Reichenbach [1278]1,v.2, 26)

He continues his eulogy with approval of Cassirer’'s
re-interpretation of Kant's concept of space as simply an "order
ot co-existence and succession’ and without pre-supposition of a
particular geomelry. Reichenbach proceeds to develop two other
cornclusicons  in the article. He expresses surprise that kKant
didn t realise that Mewton’'s concept of space was incompatible
with his own, and observes that the theory of relativity is
erntirely consistent with the concept of "outsr intuition" as an
torder of co-edistence and succession”.

the theory of relativity is not only consistent
with Kamntiarn philosophy, but also in a sense
serves to complete it. It was Kant's great
contribution to have pointed out that space and
time have no physical reality, that they are merely
structural laws of krowledge.

{Reichenbach [19781,v.2, 27)

His second conclusion which he shares with Cassirer is that the
theory of relativity lends support to Kant’'s analysis of the
concept of an ohject.

Fant holds that a physical object is not a directly
given thing but is defined by physical laws during
the process of acguiring knowledge. Thus, Cassirer
speaks of magnitudes rather than objects, and he
regards it a&s the primary characteristic of
scientific development that concepts of aobjects are
corntinuously eliminated in favour of concepts of
magnitude.

{Reichenbach {19781.v.2, 28)

He emphasises the relevance of the theory of relativity by
gueting from Cassirer—

Laws are neither discovered nor confirmed by
mhservations and measwrements made in an
individual system, not even by those madeg in any
givern number of such systems, but only by the
mutual co-ordination of results obtainable in
all possible systems.

{Feichenhacth [19781.,v.2, 29)

Reichenbach, however, having agreed with Cassirer, proceeds to
make his major criticism



the certaindty of the transcendental method has
peaen uwndermined, and there is no guarantee that
th@ hitherto unatfected axioms will hold forever.

If physics should proceesd, under the influence
of gquarntum theory, to conceive of space as &
discrete manifold (a matter that is undecideable
at the moment), Cassirer’s concept of pure
intuition would require a further extension.
Under such condibions, a continuous, metric—-free
space would no longer be an adequate framework
for empirical realiby.

{Reichenbach [19781,v.2, 29)

Felchenbach, therefore, is able to proceed further than Cassirer
and ie prepared to be more critical of the transcendental
mathod.

Caselrer resclved the contradiction betwsen Kant's
epistenclogy and the theory of relativity by
:xtpndan the concept of pure intuition. I agree
that, in this way Kant’'s philosophy is rendered
ﬂmﬂﬁlbtPﬁt with present-day physics, that this
ronsistency is achieved with the minimum number
of changes in Fant's philosophy, ... . Nevertheless,
I maintain that such an approach is tantamount to
a denial of synthetic & prigri principles, and
that there is no other remedy but to rencunce the
apodictic character of epistemological statements.
{Reichenbach [19721,v.2, 30Q)

Returmning to Eﬁﬁy Turther clarification is required of

Feichenbach’ s re-definition of the Kantian "concept of object”.

as the concept of objecf changes [with developing
scisncel, thera is no final judgment concerning
the contribution of reason to knowledge, only a
gradual clarification

{Reichenbach [19651, Y1)

Reichenbach, however, wishes to  distinguish his analysis from a
purely positivist approach which would make no allowance Tor the
principles of co-ordination  that give structuwrs to empirical
guperience. The theory of relativity provides the perfect
vehicle foar demonstrabting this, because

L

what was formerly a property of things becomes
now & property of things and their systems of

referencs.
{Feichenbach [1965], 77)

Reichenhach also claims  Lthat this also contradicts Eant's
concept of substance, as & "metaphysical substratum” on which
change could be observed. [t is certainly at variance with
Fant s allusions to the "thing—in—itself” lying behind



grperisnce, but i1t is guestionable whether the objective
measureanent of an obiect as provided by the theory of relativity
with acoompary ing transfaormation formulas for different
reference frames, is any different from FKant's construct of
obiect in "outer intuition’. Reichenbach does proceed, however,
with the observation that the theory of relativity replaces "The
phvsics of Fforces and  things .. by the physics of states af
Fielos." (Reichenbach [1965%1, 103).

FReichenbach s fimal conclusion in RAEK is that the co-ordinating
principles determine how knowledge is obtained without saying
what is known. Fuwrthermores, baocauss  knowledge has developed
since Kant, the co-ordinating principles themselves have been
modifiad by exupsrience.

Eopriori? means "bkeYore knowledge", but not
Yo oall time® and not Yindependesnt of experience”.
p
(Reichenbach [1963]1, 105)

Tt is interesting to compare the respective approaches of kKant,
Cassirer, and Reichenbach, to  the critical question "How 1is
krowledge possible?” . All agree that empirical knowledge 1is a
construct shaped from experience, tut  their sttbseguent
methodology is different. Kant has analysed the faculties of
Reasorn and Logic to derive his Categories of Fure Understanding
and then reflected them into his contemporary understanding of
the physical world. Cassirer has reviewed as a scholar the state
of scisnce up to the early twentieth Century, and traced an
evolution of concepts towards a unified = understanding.
Reichenbach atltempted also, like Cassirer, to look for
co-ordinating primciples in contemporary knowledge, but in fact
e actually locked at how easpirical knowledge is derived. His
famcimnation with the Theory of Relativity is precisely because
this is & study of the meaning of empirical measurement. His
"method of logical analysis”  is not  an analysis of knowledge
iteslf as he claims, but an  analysis of the meaning of
scientific statements.

Momentarily stepping outside the Kantian tradition, it is
illuminating to contrast the arguments developed with those of a
contemporary empiricist. Michasl Friedman in  Foundations of

Space-Time Theories rejects the wvalue of attempting to
diztinguish fronstitutive principles” from statements of

empirical law; scientific method is an empirical  study and 1ts
value lies in its overall consistency.

The present conception of scientific method involves

no general distinction between factual statements on

the one side and conventions or arbitrary definitions

on the other. Using Reichenbach’'s terminology, we can
discern no interesting distinction between "principles
of coordination” and "principles of connection”. ...
They are all subject to confirmation and disconfirmation
e by & process of theoretical unification that looks



for repeated boosts in confirmation. It is futile, then,
to attempt to distinguish "constitutive” principles
that provide a framework Tor empirical theorising ...
from ordinary empirical laws.

{(Friedman [1983], 338,339)

Friedman's primary criterion for choosing between alternative
theoretical structures (for example Einstein v Lorentz) is based
aon the principle of parsimeny, that we should reject theories
that contain an excess of theoretical content, although, of
couwrse, acceptable theories must also conform with a general
wnity of scientific knowledge. Thus Friedman would claim that
there is a specific smpirical geometry that cobtains in a given
cohiective situation, as opposed to Adolf Grunbaum who would
maintain that the appropriate geometry results fram the
co-ordirative definitions that apply (Grimbaum [19631, 1Z).
Friedman s thesis is that the smpirical situation effectively
determines what principles or definitions we can adopt, and
that, for sxample, the definition of simultaneity introduced by
Finstein in the Special Theory of Relativity is not an arbitrary
convention or co-ordinative definition, but is necessary to the
provision of manageable relativistic geometry. Reichenbach’s
case is that & definition is necessary, but that the actual
defimnition introduced by Einstein contains an arbitrary factor.
There is a direct appsal about Friedman's approach, - a
Reichenback uncluttersed by Kant —, which prompts the guestion of
the relevance of the transcendental approach to the philosophy
of science. In dissecting & specific theory, Friedman’'s approach
is undoubtedly productive, in  that all presuppositions are open
to detailed gquestioning. The weakness of the direct empirical
method, which allows no precedence to structuring principles, is
that it can fail to relate to systematic scientific knowledge as
a whole. It is not a problem of losing sight of the wood for the
trees, but of not relating a particular view of frees with &
corresponding  view af &ll  the trees. Empirical knowledge is
structured by principles, and Reichenbach and Cassirer were
correct to modify Kant' s intransigent insistence on unchanging
principles. The principles employed to generate a scientific
understanding of the objective world are modified by science
itself, ~ modified to clarify understanding. They are modified
through ©the interaction af the objective world with our
understanding of it. Ferhaps there is a danger in use of the
phtrase enpirical hnowledge, in that there is an implication in
the concept of fnowledge in somshow coming-to-terms with things
in themselves. Substitution of understanding for knowledge
perhaps clarifies that what we understand is a construct from
impressions of  the world. In constructing our understanding we
do  employ regulative principles which are reviseable, but
because these permeate all of our understanding it is necessary
that we identify +them as principles which are of different
status from empirical laws.
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Beforse looking beyond Reichenbach & work on Relativity in RAK.
it is  essentisl to examine  the writings of Moritz Schlick and
the correspondence he had with  FHeichenbach on Relativity.
Sohlick was asked by Eant-Situdien inm 1921 to review Cassirer’'s
Zur Einstein schen Relitivitidtstheorie, as well as Reichenbach’'s
Rak and an exposition on Relativity for physicists by Max Born.
Frior to  this, Schlick had written an article in 1715 in
Zeitechrift  fOr  Fhilosophie und philosophische Kritik, 159

L]

entitlied "Die philosophische Bedeutung des Relitivititsprinzips
{("The FPhilosophical Significance of Relativity™). Inm his article
in L?1&, Schlick had reviewsd ©he Special Theory of Relativity,
-~ the General Theory not having been published then -, against
the background of the two philosophical methods in curvrent vogue

in  Germanyi neo-FKantiazniem and Fositivism. He begins with &
clear statement of what he sees as the propsr task of philosophy
We have known since the days of Kant that the only

fruitful method of all theoretical philosophy consists
im critical dnguiry into the wltimate primciples of
the special sciences.

{Soehlick [197%97,v.1, 153)

He procesds with a clear elucidation of the principles of the
Theory of Relativity, and demonstrates how they remove  the
shorteonings of Newtonian mechanics. In particular, they provide
the means to make spatial and  temporal measurements in &
consistent manner without making a presumption of absolute
gpatial and temporal references. He compares HEinstein’'s theory
with that of Lorsntz, who had provided a resolution of the
apparent parados of & constant velocity of light with his
hypothesis of lengith contraction of bodies moving through the
apther. Schlick acknowledges that both theories are in perfect
accord in terms of mgasurable conssquences, and  argues why one
should be prefTerred to the other. He adopts a Conventionalist
approach, and, like Reichenbach’'s later analysis 1in RAK, he
identifies scientific propositions as coordinations,

the totality of owr scientific propositions, in word

and Tormala, is in fact nothing else but a system of

signs coordinated to the Tacts of reality;

{Bchlick [1979].,v.1. 167)

He proceeds with this discussion, emphasising  the conventional
nature of the system of coordinations that we adopt

It is thereforse no conbtradiction ... that under
certain conditions several theories may be true at
ornce, in that they provide a different bult in =sach
casg perfectly univocal designation of the facts.
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e of them, indeed, will do this more skilfully

and simply than &11 the others, and we may therefore
work with it alone, and even agree to call it the
only "correct” one, but a logically compelling
reaszon for this may not at first be apparent.

(Schlick [1973],v.1, 168)

Sohlick identifies that Einstein’'s theory is  simpler than
l.orentz’ theory becsuse 1t contains fewer arbitrary assumptions,
illustrating from Lorentz’ work -

orne may assune that there is an ether in which a
stationary svstem of coordinates can be imagined;
but we do not nesd any of these hypotheses in order
to remain in accord with experience - they are
subjective appendages having no significance for
the depiction of what i1s objiective.

{(Bchlick [1979),v.1, 171,172)

The criterion he establishes for choice betwesen competing and
wnivocal theories, or systems of conventions, is -

We do this by selecting theories with a minimum of
arbitrary assumptions, in other words. the simplest.
We are then sure of diverging from reality alt least
no further than is necessitated by the bounds of our
knowledge as such.

(Sehlick [19793,v.1. 171)

He proceeds To criticise rmec—kKantian accommodations of
Relativity, and particularly examines Natorp’s Die logischen
Grundlagen der exakbten Wissenschaften, published in Leipzig in
1919, He begins by demonstrating misconceptions in Natorp’'s
interpretation of the Special Theory of Relativity, as, for
edample, in guoting from Natorp, that Einstein has "proved that
for the moving system the velocity of light in fact necessarily
remains constant, if it is so i the stationary system” (Schlick
L9791 ,v.1, 173). As Schlick points out, "Einstein does not
prove this, but introduces it as a Jjustified assumption - a
vastly different thing!" (Schlick [19721.,v.1, 173). He is most
vehement in his attack on Natorp, however., over NMatorp’'s attempt
to reconcile Eant' s, and Newton' s, concept of absolute space and
time with "their empirical, physical determination, which latter
can only be relative  throughout." (Schlick [19791,v.1, 173). He
is adamant that

under all circumstances .. Einstein’s theory does not
admit the concept of absolute time sven as a
praesupposition.

{(Schlick [197921.v.1, 174)

He identifiss Kanlt' s conceplts entirely with Newtonian physics,
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and condemns the neo-kantian attempt to reconcile them to the
Theory of Relativity.

Fant's & prigri form of intuition - this cannot be
sufficiently stressed -~ is Newtonian time. And as
surely as the physics of the relativity theory is not
Newtonian physics, s0 surely is it impossible for that
theory to be fitted into the Kantian scheme, let alone
he derived from it. ... Could a supporiter of the kKantian
doctrine of "the" time, in which we are obliged to order
all appearances, have held to be correct, or even
predicted, the propositions of relativity theory?
Honestly, now!

{(Sohlick [197%93.v.1, 17%5)

Mis abttack on the neo-kKantians is an attack on scholasticism,
which attempts to relate new knowledge to the system of
previously established wisdom. For Schlick the proper aobject for
philosophy is “"reality as something firmly confronting science',
and he completes his admonition with -

We do a better service to philosophy, I believe, if
we are not afraid to subject our well-loved doctrines
to the modifications called for by the progress of
krowledge, than if we try under all circumstances to
reconcile them with the new discoveries.

{(Sohlick [1979]1,v.1, 178)

Sehlick is more sympathetic irn  his consideration of the
relationship between relativity and positivism. He acknowledges
that "Einstein could hardly have arrived at his theory, if he
e ot himself already been toving with these ideas
{positiviem].” (Schlick [19791,v.1, 178,179), but he criticises
those positivists who claim that the Theory of Relativity is a
direct conseguence of Mach’s work. His conclusion is that

our principle [relativityl finds a comfortable berth
in the positivist theory of knowledge. But this does
rot exempt ws from examining the details of this
concord, and we shall find on doing so that the
capability of positivism is actually overestimated
if we think that it could so simply have given birth
to the physical theory of relativity, and thus can
have nothing more to learn from it.

{(Behlick [1972]),v.1, 179)

Zehlick, the logical analyst, is opposed to all forms of
scholasticism which seek  to clarify through relation to the
previowsly accepted. Schlick will accept appeal only to the
physically verifiable and empirically real. When he took upon
Fimself +the task of reviewing Cassirer’'s and Reichenbach's
contributions to the epistemclogy of relativity, it was
therefore inevitable that he would criticise any attempts they



1

made to relate it to Kant s philosophy.

Iin his article in 1921 inm Fant Studien 26, entitled
"eritizistische oder empiristische Deutung der neuwen Physik?"
Behlick interprets  the essentials of Kant's method of logical
idealism.

All exact science ... rests upon observations and
meastiremaents. But mere sensations and perceptions
are not yet observations and measuwrements: they
only becoms so by being ordered and interpretled.
Thus the forming of concepts of physical objects
wiquestionably presupposes certain principles of
ordering and interpretation. Now I see the essence
of the critical viewpoint [(Kant's method] in the
claim that these constitutive principles are
svnthetic & priori judgements, in which the concept
of the & pricri has the property of apodeicticity
ewasae dnseparably attached to it.

{Schilick [1979],v.1l, ZE3)

Mis argument that follows from this is that Kantianism is not
undque in maintaining the necessity of constitutive principles,
and, for ewxample, "An empivicist .. can very well acknowledge
the presence of such principles” (Schlick [1979].v.1, 324). It
is the conceplt of apodeictic a-priori principles that is the
gssence of Kantianism, and these have been demonstrated as
unsound by the development of science since Kant. Thus, Schlick,
commending Cassirer on his scholarship, criticises him for going
beyvaond the proper subject of philosophy,- which is the
unfettered analysis of science —, by attempting to re—habilitate
Fant in a diluted form. His criticism of Reichenbach is gentler,
arnd follows a correspondence betwsen  the two of them in which
they each appreciated thalt their approach to philosophy had much
in common. He is, however, critical of Reichernbach’s attempt to
redefine Eant's a-prigri principles, and he would designate
Feichenbach’'s coordinative definitions "as conventions, in
Foincaré' s sensa" (Schlick [1979).v.1l, Z33).

Thomas FRyckman has contrasted the development of Schlick’s
epistemology with that of Cassirer in his article "Conditio Sine
Gua Non? Zuardrung  in the Early Epistemologies of Cassirer and
Bokhlick” in Synthese g8: 57-95%, 1991.

J. Alberto Coffa in The Semantic Tradition from kani to Carnap.
To the Vienna Station [1991] traces the correspondence between
Schlick and Reichenbach in 1920, which marks a significant

change in Reichenbach’'s approach te philosophy. #As Coffa
ohserves -

Feichenbach’ s main problem was that his account of the
a prigri had made it virtually indistinguishable from
tte empirical. .... be had two options: to follow the
positivists or to drop that distinction and try Schlick’s



suggestion that it be explicated on the basis of the
notion of convention. Reichenbach chose the latter, and
a decade later had b=come the most elogquent proponent
of relativistic conventionalism.

(Coffa L[19911. 203)

Reichenbach’ s  subseguent writings certainly are marked by a
ralative absence of reference to Kant's philosophy, or to other
philosophical treditions. He is concerned  to investigate the
subject in hand by methodical analysis of the empirical facts.
Despite this apparent departure from his Fantian heritage. his
thorough—going concsrn for detail is  reminiscent of EKant's
painstaking method of investigationi he departs from Kant only
inasmuch as e makes no appeal  to apodeicity in a "Context of
Justification”.



Chapter 5
THE FHILOSOFPHY OF SFACE AMD TIME (PET) (192873

. Reichenbkach had attempted & reconciliation of Kant's
critical analveis with the introduction of the Theory of

Felativity, by replacing the Kantian concept of the a-priori
with the concept of an  evolving system of co-ordinative

definitions. In P37, Reichenbach’'s purpose is different, in that
he provides a systematic analysis of the spatial and temporal
concapts applicable to post-relativistic physics. Thus he begins
with Space, then considers Time, and finally examines their
kimpmatic relationship.

His approach to the task, uvnlike Fant who followed a logical
scheme, or Cassirer who scholarly followed the historical
conceptual development, is of an enginesr who rolls up his
sleseves and examines all aspects of his subject with close
attention,

In examining space he is  concerned with geometry and metrical
properties, and after providing an exposition of potential
systems of geometry and topology that may be applicable to
empirical space, he asks how we are to decide which systems are
relevant. Having established in RAK that the geometry of space
isg not a-priori valid, "it becomes now a task of physics to
determine the geometry of physical space"” (Reichenbach (19581,
4), but it is the task of philosophy, and FST in particular, to
determine the coriteria that physics can employ in coming to a
decision.

He was interested in geomestry. As a student he attended lectures
by Hilbert who had developed & generalised geometry as a system
of algebraic rules or logical operators. He thus delights in
providing explanations of non-euclidean geomstries and giving
illustrations of physical worlds in which these could apply.

As Cassirer does, Reichenbach accepts the ides that a system of
geometry  is a self-contained system which need bear no
relationship to  the actual measured properties of physical
space, the sole criterion that it should fulfil is that it
should be self-consistent. Felix Hlein, at the turn of the
Cerntury., had demonstrated that several geometries could be
co-grdinated to each other so that a relationship demonstrated
in one syetem couwld be interpreted through this co-ordinztion to
a corresponding relationship in  ancothsr gegmetry. Hilbert
consequently had illustrated this correspondence through his
logical formalism of geometrical operators. Reichenbach, aware
of  the reader’s familiarity with the applicability of the
Fuclidean geometrical system 13 the immediate physical
environmeint, illustrates how it could be guite natural to accept



a geometry which contained the concept of Lhe straight line
whilet rejecting the idea of parallel straight lines. His
prample of somgone on a spherical surface for whom straight
lines would be the great circles, (that is circles on the
surface of the sphere which are centred at the spherical
cerntre), would appreciate  that all such straight lines
necessarily intersect sach other at  two points. The geaometry on
the sphere would be entirely consistent, but it would not be
Fuclidean, and 1t would give us no particular difficulties in
working with it.

Reichenbach wishes to move into post-relativistic geometry,
however, and he directs the reader to Riemann’'s system which
aprroaches geometry from the metric rather than from axioms of
relationship. He explains how using the metric we are able to
make deductions about the curvatuwre of surfaces as in  the
wanmple just described of gesometry on a spherical surface. For
@rample, the relationship between circumference and diameter of
a circle would not be a constant "piY as on a plane Euclidean
aurTare. e ratio on & spherical surface actually decreases to
a limiting value of "2" as the circle gelts bigger.

Having eguipped the reader with adeguate geometrical engineering
tonls, Reichenbach sets out a physical situation for
consideration. He considers a plane glass surface which contains
in it & large hemispherical bump. Below it is  a second, albeit
CIDECLLE: , plane surface. He considers the response of people
tiving exclusively on sach of these surfaces. The people on the
glass plane equipped with their measuring rods  would conclude
that they were living on a surface with a hump in it; they would
arrive at this conclusion by noting the differences between
their measurements and the eupected values of plane Euclidean
geometry, Reichenbach aleo notes that if, as the people on the
glass plane move over their hump with their unit measuring rods,
shadows are cast down onto  the opague plane below, then the
projected shadow lengths on  the opague plane would  vary with
position under the "hump". Thus under the centre of the hump the
projected shadow length of a unit rod would almost  be equal to
the rod itself, whereas under the steepsest slope of the hump the
projected shadow lenths would be much shorter.

Feichenbach moves to  the inhabitents of the plane opague
surface. He now introduces a strange condition on physical
hehaviour on that surface, namely that all cbjects including the
unit rods used on that surface foreshorten to the lengths of the
projected shadows from the glass surface above. The inhabitants
would  then evidently form  the same conclusions about  their
surface as  hagd the inhabitants of the glass surface about
theirs. They would conclude that they had a hump in the middle
of their surface.

i on the other hand they believed they lived on a plane surface
they would have Lo explain why their measuresments were
apparently distorted. This would require that some force was at



work  which aftfected measurements over a certain area of  the
surface. in this case it shouwld be possible to identify the
force at work. If, for example, the distorting force was caused
by heat, thern it stould be possible to detect other effects, and
we could ewxpect that different materials would be affected in
different measure, - for example the effect on a copper ruler
would be different from that on a wooden ruler. Reichenbach
calls such a force a "differential” force., that is one whose
differential effects can be related to other empirical factors.

In  the grample illustrated, however, the nature of the
distortion would not allow of an explanation by differential
forces, and therefore the inhabitants of the opague surface,
clinging to  ths idea Lthat the swurface was plane, would
necessarily nesd to invoke what Reichenbach calls a "universal”
faorce, which is & force affecting all materials in the same way.

Feichenbach uses this illustration to help clarify two issues;
firstly, Lo determine the factors that enable a decision to be
made about the geometry of space, and secondly to introduce the

idea of universal orces. Returning to the example, we find
purselves whnable to  provide an  unambiguous answer  to  the
question of  the geonstry of the apaque surface, and

Reichenbach s assesement is-

Te it meaningful to assert geometrical differences
with respect to real surfaces? This peculiar
indeterminacy of the problem of physical geometry
is arn indication that something was omitted in the
formalation of the problem.

(Reichenbach [19581. 13)

His retort to this, returning Lo the conclusions of RAK, is that
we reguire a Ycoordinative definition”. In this case we need a
cogrdinative definition of a unit of length as well as of a
rigid body. A coordinative definition is equivalent to EKant's
a-priori rule, an act of Jjudgment through which we can impose
farm on the empirical world. For Reichenbach, & coordinative
definition is arbitrary., excepting for the reguirement - as
Cassirer would express it - of its being useful and providing
consistent results in  dts application. Reichenbach demonstrates
that we need a physical body as a standard for a measure of
length to which we add the definition that by whatever means it
iz transported it represents the same unit of measure at any
point of space. This definition dogs not ariss from a measurable
property of space, but  in itself is a pre-reguisite for
comparing  length at different points. It does rely for its
usetfulness, however, on an empirical property that if two bodies
fiave the same langth at one point then they will have the same
length at every other point irrespective of the spatial route
gach has taken, provided that the effects of differential forces
arge allowed for. If this did not apply then the definition of
unit of m@asure  would have little practical usefulness;
effectively it would provide us with a non-unique system of
measures, as Reichenbach summarises -



the factual relations holding for & local
comparison of rods, though they do not reguire the
definition of congryence in terms of transported
rods, make this definition admissible. Definitions
that are nob unigus are inadmissible in a
scisntific system. ... It is agein & matter af
Faoct that owr world admits of a simple definitian
of congruence because of the Ffactual relstions
hrlding For *h@ behaviouwr of rigid rodsiy but this

- does not deprive the simple definition of its
gefinitionsl character.

(Reichenbach [19538], 17)

Feturning momentarily Lo the opagus surface with ouwr defindition
of length and congrusnce we would be obliged to conclude that we
have a plane surface with & hemispherical bump in 1t.

The geometrical Torm of & body is no absclute
Gatam of P‘pﬁrx&ﬂCP¢ but depends on & preceding
coardinative definition

{Reichenbach [195871, 18)

We couwld have provided a different definition, and Reichenbach
indicates perhaps bizarrely, that we could call a measuring rod
lalf its length after putting it down twice and a third of its
length aftter putting it down  three times, and so on, but the
geometrical conclusions would be guites different. This is not a
good  example, however. as we would be unable to rovide any
consistent geometry whatsoever with this definition.

To amnc}ude the coordinative definitions of messwre reqgquired to
metablis the geomelry of a space, Reichenbach, with his
en;lﬁ@@r s thoroughness, insists that we consider what we mean
by & rigid body as used in a standard ruler  for instance. His
gdefinition is —

Rigid bodies are selid bodies which are not arfrfected
by differential Fforces, or concerning which the
intTluence of dirfTerential Forces hes been eliminated
byw corrections; universal Torces are disregerded.
(Reichenbach [195871, 22

cffectively  the rigid soady wsed as a wnit of  measure is &
'Qlckwd svetem'”, wunaffected by the differential forces in its
ervironmant. These definitions, as Reichenbach points out, are
of Tundamesntal importance - '

This definition of the rigid body is not sxplicitly
given in the literature of physics, but it is that

definition on which the whole system of physics

o based. With a different definition physical

laws would generally change: this follows from the

fact that in the dimensions of the fundamental



physical magrnitudes, such as force and energy, the
carcept of length occurs: thus the values of these
magnitudes depend on the definition of congruence.
Tt must mot be argued, however, that conversely the
"truth” of ouwr definition of congrusence can be
inferred from the truth of physical laws. The truth
of the physical laws can only be asserted under
the assumption of a definitiom of congruences; the
Iams are true relative to the definition of congruence
by means of rigid bodies.

(Reichenbach [193B]1, 23

Reichenbach, as & carseful teacher, returns to the status of the
coordinative definitions to emphasise their logical status for
sclience. In  his persistence at looking at  all aspects of the
problem and countering possible misunderstanding, his approach
is similar to Kant in the QCritigue of Fure Reason. Like Kant, he
i examining the prereqguisites for empirical knowledge, and he
also acknowledges the primacy of the geometrical structure we
impose. He has the benefit of the development of alternative
gepmelriss post-ant which emphasise that our spatial knowledqge
is founded on coordinations we choose, but which alsoc remove the
apodeictic necessity for a specific geometry having a-priori
status. It is probable that a Twentisth Century Kant would have
approached this subject in & similar fashion.

The clarification that Resichenbach wishes to make is over the
status of the verifiahility of the coordinative definitions as
cpposed to measurement problems of “obijective indeterminancy”.
Aan example of the latter, as a technical impossibility, is a
measure of  Tthe number of molecules in a cubic centimetre of
air", where it is beyond our means to achieve this count
although "we must say that there will always be an integer which
derncotes this quantity exactly.” (Reichenbach [175381, 28). A
coordinative definition on  the other hand can not be verified;
logically it is an impossibility. It is not possible to verify
that & standard unit of  length remains wnchanged at different
positions. The coordinative definitions are necessary for
determining the empirical properties of space. Reichenbach,
however , does acknowledge that -

once the coordinative definition is given, the
cechnical impossibility of an exact measurement
remains. Even our definition of the rigid body
does not permit a strict determination of the
structure of space; all our measurements will
still corntain zome degree of inexactness which

a progressive technigue will gradually reduce

but never aovercoms.

{Regichenbach [195383. 29,30)

This latter point is nolt to be pursued in ST, as the subject of
empirical verifiability is the subject of later works. The other
subject which Reichenbach has introduced and  requires further



elucidation, howsver, is the concept of "universal forces”

& differential force” causes measurably different effects in
differaent materials. For @xample, heat causes different
gupansions in different materials, and magnetic forces affect
different materials to different dLgrELa. Reichenbach devises a
simple instrument which can  be uvwsed to search for some
differential forces {(&.g. heat), but which can also be used o
investigate local spatial geometry. He provides us with a circle
af wire with a wire diameter spoke fived to the cirumference at
one end but with the other end freely resting against the
circumference. [f this device is placed over a heat source, the
higher temperature in the spoke will cause it to  expand more
than the circumferential ring and the free end of the spoke will
evtend outside the ring. I¥T this device were moved over a
surface of varying curvature, howsver, similar effects could be
phserved. For example on a plane surface the free end of the
spoke would coincide with the circumference, but on a spherical
surface the free end would move inside the circle, and  the
greater the degree of curvaturs in the surface relative to the

size of the circular wire the further away from the
circumf@rence i the free end of the spoke. Thus we could
envisage spatial geomstry and a specific empirical force

providing us with similar results, excepting that 4if we now
repeat these measurementes with a similar device made from &
different material, - copper as oppossd to steel, say -, the
effects of moving over a heat source will register different
measuremnents of displacement of the free end of the spoke due to
the different coefficients of erpansion of the different
materials. In the case of moving over a curved space, however,
the two devices of different materials would record exactly the
samz measilres of displacesment. Thus although the example with
the hest source can  be  interpreted as  a consequence of a
difforential force being present, — heat —, the example of the
curved space couwld be interpreted as a spatial property, or &s a
consequence of the presence of a universal force.

The distinction between universal and differential
forces merely classifies the phenomena as
belonging in geometry or in physics.

{(Reichenbach {12581, 27)

Reichenbach makes an interesting speculation at this point which
alzo adds to appreciation of The General Theory of Relativity -

we could very well imagine that the coefficients
of heat expansion of all materials might be equal-
then rno difference would exist between a field of
neat and the geometry of space. Tt wouwld be
permnissible to say that in the neighbourhood of a
warm hody the geomelry is changed just ag (according
to Finstein) space is curved irm the neighbourhood
of a large mass.

(Reichenbach [19538], 26)
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Having provided a clear sxposition of the concept of a universal
force and its relationship to the geometrical properties of
space, Reichenbach makes a creative step, inspired by Einstein’s
example in the General Theory of Relativity. It is possible for
us to use any consistent geometrical system as a basis for the
geometry of space, and, as Klein and Hilbert have demonstrated,
any measursments made against this geometry can  be translated
into messwrements into another self-consistent geometry. TT, for
svample, we apply a Euclidean geometry to a space surface which
1 spherical, our physical investigation of tfhis space will
demonstrate the pressnce of universal forces. It would have been
gsimpler for us not to sccept & Buclidean metric, but to adopt
the spatial geometry which eliminated the presence of such
universal forces., Thus Reichenbach adopte the principle of
"descriptive simplicity” in recommending that we can prescribe
an actual geometry to empirical space as that geometry which
gliminates universal forces. He takes pains to point out that
the geometry of space elucidated in this manner is & consequence
af the coordinative definitions of congruence and of rigid body
that we choose to adopt, and is & meaningless concept in their
absence. As an alternative coordinative definition we could have
prescribed the geometry and  then derived the definitions of
congruence and rigid body to provide a physical space free of
urniversal forces. Reichenbach’'s prescription, however, is that
we should choose our coordinative definition on the basis of its
Peimplicity”., {althowgh perhaps in  this respect Cassirer’s
concepts of “"usefulness” and “"consistency” would be preferable),
and then derive the empirical geometry that eliminates universal
forces. HMe dossn’ bt tackle the problem of whether 1t may always
be possible to eliminate universal forces in a consistent and
continuous empivical geometry.

0

He acknowledges that Helmholtz, and subsequently Foincarg&, were
responsible  for drawing attention to  the fact that empirical
geonetry was dependent on basic definitions that were applied,
such as on the definition of a rigid body. He disagrees with the
comclusion that they derive from this, that it is consequently
meaningless to talk of the geometry of space when it is &
consequence of arbitrary definitions. He is dismissive of the
subjectivity of their Conventionalism.

Unfortunately, the philosophical discussion of
conventionalism, misled by its 1ll-fitling name,
did not always present the espistemological aspect
af the problem with sufficient clarity. From
conventionalism the conseguence was derived that
it is impossible to make an obiective statement
about the geometry of physical space, and that we
are dealing with subjective arbitrariness only:
the concept of geometry of real space was called
meaningless. This is & misunderstanding. «.a...

oo once the definitions have been formulated, it
iz determined through objiective reality alone



wihiich 18 the sctual geomstry.
(Reichenbach [195381., 36,37)

Having eshtablished that it is possible to establish, by
measurensent, the geomstry of smpirical space, Reichenbach,
conscious of his potential coritics,., wishes to explore  the
concept of  the visualisation of non-Euclidean gqeometries. His
particular concern is that Fant has bequeathed the concept that
only Fuclidean geometry is visualisable, and that consequently
there is an argument for rejecting other geometrical systems as
being wnreal geomsitries. This is  perfectly natural when we
consider that wuntil 1705 and the Special Theory of Raelativity,
mechanice and concepts of order in the physical world were
sstablished on  MNewbtonian modelling. Newton himself had derived
his Theory of Gravitational Attraction through classical
Euclidean geometry of conic sections. When a physicist viewed
the physical world, he was embeddsd in Euclidean concepts, and
Reichenbach has so  far worked within these constraints. In his
analyeis of the problem of physical visuwalisation, however,
Reichenbach begins Lto fres us from this geomelbrical inheritance
and effectively subsfitutes a concept of physical logic for
physical geometry. Uﬁcli Hilbert, geomebtry implied the notion of
visualised spatial relationships, but Reichenbach, in setting up

his coordinative definitions for spatial measurement via
physical rods has Treed himseld potentially from this constraint
of spatial wviswvalising with a robust physical logic. By
discussing the properties of space in  terms of "geometry”,
MW wveEr, e has  besn Quilty of sone  lack of clarity. It is

LHLPF'”ﬂ*HQ that Eimstein, in  the Genersl Theory of Relativity.
avoids  the discussion of ©Lthe geomsbrical concepts of  the
gouivalence of gravitaltional and dynamic properties,  but moves
dirgctly into the consideration of the observer in a cage which
is  being avcelerated, and offers us the two eguivalent
interpretations that observer would give Tor fhm forces he feels
subjecter to. The problem we have with Einstein’'s approach is in
our overall geometrical visualisation of the spatial context of
the eguivalence of & gravitational field with & dynamically
accelerating body. The advantage for Einstein is that he is not
erncumbered with the apparent visualising difficulty, and he is
enabled to sstablish a physical logic for space.

Feichenbach’ s analysis of visualisability of spatial geometry

i preceded by a re-assessment of his previous analysis through
which he begins to rip  the concept of “"gecmetry of physical
space’ of owr preconceptions of diagrammatic visuwalisation.

it ds the significance of coordinative definitions
to lend an obiscltive meaning Lo physical

mpmbur&mwniau cwa The abiective character of the
phyvsical sitstemsnt is thus shifted o a statement
about relations. ..The geometry of real spacte ..

15 & statemsnt about a relation belween the universe
and rigid rode. The geometry chosen to characterise
this relation is only a mode of speech; however, our

i



awareness of the relativity of gesomeltry enables us
to formelate the objective character of a statement
about the geometry of the physical world as a
statemnent about relations. In this sense we are
permitted to speak of phyvsical geometry.
{Reichernbach [1935831, 27)

With his analysis of the visualisability of Euclidean geometry,
Reichenbach’'s target critics are philosophers of the Eantian
tradition, for whom geometry not only appears to represent a
diagrammatic representation of pyhsical epatial relationships,
but for whom the geometry of Huclid represents the necessary
logic of such relationships. Thus Reichenbach presents  the
geomEtrical imags  of a triangls witih & straight line
intersecting one side, and we are compelled to accept by the
inescapable logic of the plane diagram that the extended line
must necessarily intersect one of the other two sides. The
Fuclidean system of geometry is the logic of plane diagrams, and
wherever we attempt to visualise relationships on a plece of

papar we are compel led to accept the Fuclidean logic.

Diagrammatic representation is a "tool® that facilitates our
C}

salving spatial  and fogical problems, but in choosing a

dizgrammatic approach we limit ouwrselves to the logic of the
Fuclidean system.

The norsmative function of visualisation is revexled
as & correlate of the logical compulsion and
achieves the same resulits by means of the elementis
furnished by the image-producing function as the
logical inference does by means of the conceptual
@lemants of thought.

{Reichenbach [19538]3., 42)

more restrictive laws hold for visualisation than
for leogical thinking ..... visualisation admits
a narrower selection of geometrical structures
than doess logic.

{(Regichenbach (19583, 42

Reichenbach’s conclusion is  that in visualising we involve

ourselves in diagrammatic representation and are therefore

inescapably locked into the logic of such a schema, - which of

its esserce is the logic of Buclidean geometry. Therefore-

Me cannot viswuslise non-Eucl idean geomelry by

mpans of Euclidean elements of visualisalion.
{(Reichenbach [1958], 43%,44)

It can be argued, and Reichenbach gives this full consideration,
that we can make diagrammatic representations of non-Euclidean
geometries. We can use diagrame that enable us to represent the
geonetry of Lobatchewsky and derive non-Buclidean conclusions
from them. Reichenbach rightly points out  that these are not
what we would consider as visualisations in that they represent



relationships between logical opesrators, they are mappings,
rather than representing a visualisation of a physical space.

When we revert to exploring the geometry of physical space we
resort to owr coprdinative definitions and set out with our
physical measuring rods. We can visualise this process and could
visualise moving over a non—BEuclidean surface, Jjust as  we
visualised the inhabitants of the glass plane moving over their
hemispherical bump. That works  well for considering a
twa-dimensional surface within thres dimensions of conception,
but our problem with this physical visualisation commences when
we wish to visualiss a non—-Euclidean three-dimensional space and
are unable to conceive this without a fourth dimension which
ligs beyond our limits of visualisation. Reichenbach, however,
persists with his  attempt to introduce uws  to  visualising
non-Euclidean Qeomstries. He has demonstrated that 1t is
cornceiveable fTor us  to set out with our measuring rod on a
naon-Euclidean swiface and, in observing discrepancies between
our measuremsnte and what we would expect on a Euclidean plane
surface, we are able to deduce sither a different geometry ar
the presence  of universal forces affecting our measuring
instruments. He then reminds us of the manner in  which we make
adjustments in our physical perceptions in order to blend them
into our total spatial conception. We are familiar with views of
converging  railway lines which we learn - effectively having
erplaored them physically with our measuring  rods - lo
accommodate as Buclidean parallels:; and another example that
Reichenbach offers ws 1z of the motorist with his conves
rear-mirror who learns to adjust the distorted image into his
conception of the physical geometry in  his environment. his
conclusion is -

Any agjusiment to congruence is & product of habitg
the adijustment is made when, during the motion of
the chiects or af the observer, the change of the
picture is expgrienced as & change in perspective,
ot as oa change in shape of the obiectis.
{Reichenbach (12381, 3%)

He therefore concliudes that visuwalising a non-Euclidean geometry
requires of us & re-adjustment of our conceptual scheme, and
that it iz a matter of learning or familiarising ourselves to
it.

Whoever has sucoessfully adijusted himself fo a

different congruence is able to visualise

ron-Euclidean structures as easily as Euclidean

structures and to make inferences concerning them.

{Reichenbach [19383, 54)

He then attempts to remove the classical concepts that we tend
to invoke when considering "geometry”

Space as such is neither Euclidean nor non-Ruclidean,
but only a continuous three-dimensional manifold. ...



It is, in Tact, the result of training the eyes to
adiust to the behaviowr of solid bodies seen in
different angular perspectives that enables us to
visualise BEuclidean congruencs. IT we readjust the
gyes we can similarly visualise non-BEuclidean
CONMQrusnce .

(Reichenbach [1938], 56,57)

At this  juncturs  the reader believes thalt Reichenbach has
gxhaunsted the subject of spatial configuration and our capacity
to coms to  terms with it, but ke has nobt yet exhausted his
capacity to attempt to present twentieth Century mathematics to
ws in a physical way. In looking at alternative geometries he
has been vploring metrical properties,. but he hasn’'t examined
the properties of spatial connectsdness which is the subject of
topology. He thereupon  introduces  the topology of  spherical
surfaces and the toras, and illusitrates their distinctive
properties in  providing mappings onto a plane surface. He
initially concentrates on the properties of the torus because 1t
provides apparert logical anomalies, when considered in
Euclidearn terms, such as  pairs of closed loops which  both
corntain and are contained in each other. He thereupon takes us
by  the hand and leads us into each of a torus world and a
spherical world, relating ouwr percepticns as we go of course in
Fuclidean terms. He presents ws  with two apparent anomalies. In
the torus world we find that that we can continue climbing out
of completely snclosed spherical  shells into successive
concentric shells only to find that we have returned into our
original shell. This runs contrary to our logical understanding,
and Relchenbach identifies this not only as logically anomalous
but also as causally anomalous.

a causxl anomaly ooouwrs, consisting in the spatial
paricdicity of all happenings. The interdependence
of all events at corresponding points cannot be
interpreted as ordinary cauwsality, because 1t does
not reguire time Tor transference and does not spread
as a continuous effect that must pass consecutively
throunh the intermediate points.

{(Feichenbach [19381. 63%)

Causal connectivity implies a relation between a space metric
arnd & time metric, and involves the logicsl consideration that
if B is between A and C then the effect of a causal change at A
will affect B before it affects C. If B is between & and C, and
O is between A and B then this simple causal connection is
confused, and on the torus we also have the additional anomaly
that B is spatially betwesn A and A. Thus in reconciling the
world of  the torus with Euclidearn preconceptions we are
compelled to abandon our concept of causal structure, and we can
only avoid this by adapting ouwr concepts entirely to the
geomebtry of the torus. Applying Buclidean considerations to the
torus provides us with non—local causal connections.
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When we  enter the apharical world with our Euclidean
visualisation we again confront the causal anomaly of proceeding
in one direction with owr measuring rods and, although moving
Ffurther away Trom our starting point, eventually re-encountering
it, — apparently having passed through a Euclidean infinity with
a finite measure.

Thus, if we are to determine the topological structure of
physical space we onust pre-arm  ouwrselves with & further
coordinative definitiorn, namely that causal ordering should
apply.

Taopology is an empiricel matter as soon as we
introduce the reguirement that no caussl
relations must be viclated. ... Only in this
way does the topology of space constitute a
well-determined gquestion. It must be called
an empirical fact that there is one kind of
topology that leads to normal causality; and
it is of course an empilrical fact which
topology vields this result.

{Reichenbach [19281, 80)

in his paper "Das Raunmproblem in  der neweren OQuantenmechanik”,
written in 1926, (Reichenbach (1%911), Reichenbach analyses the
dimensionality of space against the context of emerging Guantum

Theory which employsd the concepts of multi—-dimensional
parameter spaces. His conclusion is that although it is possible
to  provide transformations of epatial coordinates between

descriptions employing different spatial dimensionalities, it is
not possible to  transform causal connections  between these
descriptions. For example, it is possible to transform spatial

descriptions of two point-obiects operating ir a
threse-dimensional space to  a description of one point-obiect
gperating in  a sid—dimensional SPRCE, but any causal

relationship applying in  the three-dimensional description is
lost in the six-dimernsional case. Reichenbach’'s principle which
e accordingly enunciates, is

The principle of action by contact cen be satisrtied
arilv for a single choice of the dimensiconality of the
parameter space; that particular parameier space in
mhich it is satisrtied is called the coordinate space
ar Yreal space”.

{(Reichenbach [1991], 40)

He then smphasises that
Matural processes satisfy the requirements of the
principle of action by contact only in a space of
three dimensions.

(Reichenbach [1991], 40)

Commerting on  this conclusion of Reichenbach’s, Andreas FKamlah



relates Reichenbach’'s method to that of kKant,

the principle of action by corntact becomes to be more
than a guide for coordinative definitions. It becomes
more and more a general principle for the selection of
zimple and informative descriptions of the world from
gthers. ... Thus it is no longer a device to connect

physical language with empirical meaning but rather to
comstitute the obiects of physical theory quite in the
sams sense as kant. It leads according to Reichenbach
to the knowledge of the structuwre of the real world.

{Kamlah (19211, 51)

Thus Reichenbach clearly makes the claim that,

the three-dimensionality of space must describe an
essential property of nature that exists just as
independently from the human mind as any other property.
Fven though the concept of space, as any other concept,
arises in the subject, its spplicability states
something about the world of obijects. The assertion
that physical space is three-dimensional and approximately
Fuclidean is therafore to be regarded as a genuine
physical assertion, similar to all other physical
assertions.

{Reichenbach [19911. 32)

In his consideration of Space, Reichenbach has demonstrated that
the geometrical and  topological properties are empirically
verifiable once we have made coordinative definitions of
congruence, of rigidity, and of causal connectedness. He has
also illustrated that whatever the outcome of our verification,
it i possible to provide a visualisable realisation, even
though this may require us to modify our deeply hald Euclidean
predilections. That visualisation is important is emphasised by
Reichenbach, because

visual pictures...establish the relation between
thinking and realitys: they connect perceptions
with concephs

{Reichenbach [17881, 92)

The difficulty we have with visualisation is that it is learned
in terms of logical relationships of shape on a two-dimensional
plana, and therefore inhibits consideration to the logic of the
geometry of plane surfaces. His demonstration of thie clearly
identifies why FKant felt compelled t accept Euclidean spatial
geometry as a-pricri. The firal conclusion that Reichenbach
should draw from his analysis, to free us from our Euclidean
infibitions, is that it is mot the "geometry” of space which is
Gur concern, but the physical logic of the metric.

— C‘y (:)



When he considers the concept of Time., Reichenbach provides a
post-relativistic warning

Whereas the conception of space and time as &
four—-dimensional manifold has been very fruitful
for mathematical physics, its effect in the field
of epistemclogy has been only to confuse the issue.
Calling time the fourth dimension gives it an air
af mysterv. One might think that time can now be
conceived as a kind of space and try in vain to
add visually a fourth dimension to the three
gimensions of space. It is essential to guard
against such a misunderstanding of mathematical
concepts.

{Reichenbach [19581, 110)

As with his analysis of space, Reichenbach sets out to construct
a metric,~ a reqguirement for a coordinative definition. He
identifies two methods of measwring time

one comsists in counting periodic processes, and

the other in measwring spatial distances

corresponding to certain non-pericdic processes.
{(Reichenbach [19581, 11%)

e with  the measwremesnt of space where there i1s no means
{(logically) of determining whelther & unit measuring rod
maintains the =same length in two separate locations, so with
time when we take & perilodic process as a unit of measure there

is o means of establishing whether successive periodic
intervals are eqgual. We can take care to establish, as with two
clocks, that 1if they synchronise at one time they also

synchronise at another, but we have no means of 2stablishing,
without substituting arnother basic unit, that successive time
units are sgual.

The eguality of successive time intervals is not
a matter of kirnowledge but a matter of definition
{Reichenbach [19381, 116)

The only preregquisite conditions we must  impose in whatever
periodic process we choose for our unit of time measurement, 1is
that it offers “"descriptive simplicity" and that it leads to a
"moricontradictory description of nature”. A basic clock appears
to satisfy these requirements although there are complications
invelved in ensuring as far as possible that it is  free from
axternal influences, — that it be a closed system. As with the
spatial metric, we must also be aware of the potential effects
of differential and wuniversal forces.

Equivalent to study of the space manifold it is also necessary

- 91



to make a coordinative definition of coincidence. In the case of
time this is a definition of simultaneity of spatizlly separated
events. Reichenbach refers to Einstein's definition for the
Special Theory of Felativity and examines the epistemclogical
significance of it

the time comparison of distant events is possible
only because a signal sent from one place to another
is & causal chain. . .we can determine the time
of the distant event only with the help of an
inference.

(Reichenbach [19381, 128)

Thus in mnaking a cochoice of definition of simultaneity we are
defining & basic unit of causal propagation or of signal
transfer. Implicit in  this is the definition that it is
independent of spatial direction, although we could have
incorporated a definition that did not presume this 1if we had
wighed. The sigral chosen, based on scientific edperience, is of
courss that of light. This also provides a connection between
the properties of the space and time manifolds, a&s in allowing
for the cvausal comnections in spacse we necessarily involve the
spatial metric in temporal determination.

It would appear that with his basic definitions of a unit of
time, of successive measures of  that unit being equal, and of
simultaneity, ©that Reichenbach has sufficient bases for a
complete description of the timse metric. Just as he went on to
consider the ltapology of space, however, and introduce the
coordinative definition that physical causal ordering i1is a
mre-raegquisite for a Modce of  topology, so  too with time he
chooses to  look at topology and  the problem of ordering, - of
“hefore' anmd "after”. His conclusion again is  that without the
concept of causal order, the topoleogy of time is incomplete. In
defining causal connectedness for a determination of time order,
we  must exclude closed causal chains which effectively make
simultangous two different points in time order and furthermore
lose the concept of individual identity through time.

felichenbach concludes his analvsis of the temporal manifold by
investigating the corncept of simaltaneity based on a finite
zignal spesd, -~ light. With an infinite signal velocity it is
possibkle to  provide a unigue temporal sequence for all events

throughout  space, - effectively svents happening at every
physical location are allocated a  time coincident with the time
registered with the obssrver. With a finite velocity this

proves to be impossibley but Reichenbach’'s assessment is that we
are unable to provide a temporal ordering ., for example, between
a distant event and a local event that ococurs within the period
hetwesn departure of the signal to the distant locatiocin and its
return. This formeulation appears to exclude the possibility of
an  interpolative ordering and is  therefore too extreme a
conclusion. What can be inferred from the concept of a finite
signal velocity, Frowever , and which Reichenbach later

2
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investigates, iz that simultansous distant events can  have no
direct causal connection.

Once we begin to examine dynamical properties, we need to

consider the inter-relationships bstween the spatial and
temporal manifolds, and we will be reqguired to  apply
coordinative definitions to thessa relationships. Thus

Feichenbach beoins by adding to his ceordinative definitions of
the spatial metric

the measuring rod is to be regarded as having the
gsame length whether at rest or in motion
{(Reichenbach [19583, 154)

We also need to define, as  in the Special Theory of Relativity,
how to measure  the length of a line section moving relative to
the Fframe of measwemnent, and For this we wmoust invoke the
concept of temporal simultaneity

The length of a moving line-segment is the distance
betwesn simultanecus positions of its endpoints.
{Reichenbach [19581, 153

The consegusnoes ot  this definition of course hiad  been
established by Einstein, and

It Folliows From the nature of the externred concept

af length that the length of & moving segnent IS

generally different From its resti-length.
{Reichenbach [17581, 137)

The that may be ralsed against what appears to be a
dual d@?lnlklnn of length, namsly "Which is the true length?" is
urreasonable. The concept of length has been defined in a manner
in which it can be applied, and it is for measurement to give us

the cConssquences under different dynamic conditions. The
doefinition of simultaneity is & fundamental determinant of the
possibility of dynamic spatial measurement, and Reichenbach

makes a Turther aobservation or measuremsnt of distant events -

We actually never experience distant events, but
only the sffects that reach us. Conssguently we can
choose how to coordinate these events to our

Wi al images.

{Reichenbach (19387, 16&61)

e metric  for space  requires s coordinative definition of a
wiit (length), just as for time a unit (interval) is reqguired,
armd  in addition the corncept of a "first signal” (light) is
needed Lo provide simultaneity and femporal ordering of



spatially distinct svents. In dinvolving both temporal and
Bp&tial metrics for dynamic consideration, the first signal,
which reslates physical separation bto  temporal separation, is
operating alongside independent spatial  and temporal uwnits of
meanire. There arse btwo  indepsodent manifolds, time and space,
and we have two indspendent anits of  measure plus & further
independent unit which combines the metrical properties of both
manifolds. ke have a system which is over—specified. Reichenbach
doss not diagnose the situation in  this way, but he doss arrive
at the conclusion  that it is possible, by use of the first
sgignal together with ow standerd clock, to provide a spatial
metric, as he claims
This fact is of extreaordinary significance because
it proves thet space measwremants are reducible
to time measursments. Time iz therefore logicliy
prior to spRoe.

{(Redchenbach (19881, 169)

Fraom the for qciﬂg amalysis, this claim of logical priority for
time appears to  be misplaced. It is possible to define the
tenporal metrla i terms of a unit spatial measure {(rigid vod)
and a signal. It is a clumsy way of messuring temporal duration
at @ spatial location becauss it effectively invalves
"marking-—time” with a light signal, But it is feasible. The
alternative of defining the spatial melbric with light signals
and a clock is more straightforward and therefore praciticalliy
superior rather than logicaily priocr. Reichenbach’'s intention is
to pre

gaed bevond this sismplification and introduce a metric for
hoth space and  time based solely on light signals, effectively
by  defining his standard measure of time in terms of the
interval defined by a light signal completing a return journey
from Tixed points. This reguires maintenance of the definition
of a rigid body, but provides & combined metric of time and
space bassd only  on wee of light signals. He attempts this
without acknowledging the reguirement for the definition of a
rigid  body., but  when he Eub%EQUPPth investigates inertial
svetems 4Q~nu light-geometry he &acknowledges the need for the
rigid body definiticn, which he introduces .as was shown above,
via the definition of & standard clock.

e rigid rod dis not wsed for the definition
of spatial congrusnce within the svstem, but
only for the determinstion of one — and
irndeed only ons ~ distance as rigid, i.e. far
the definition of the temporal coangruence of
spatial distances. For this reason natural
clocks can be employed for the definition
of yigidity. It suffices to specify the
time meiric at a space point. Then the rigidity
of the entire system ... is determined by means
af light signals.

{(Reichenbach [19538]1, 174)

__(.74....



frelchenbach has procedsd to investigate the practicability of a
*light geometry” for spasce, and is  reguired to  introduce the
concept of "between” which he defines as

a point B lies betwesn & and £, 17 the first-signal
ARC arrives at C at the same time as the first-signal

(Reichenbach [19381, 169)
From this he is enabled to define a straight line

The straight line through & and © is the set of
those points which among themselves satisfy the
relation hetween and which include the two
points & and C.

Me now completes his coordinstive definition for the spatial
matric without using physical measuring rods and rigid bodies

I¥ the time interval ABA = ALA then the spatial
distance AR is egual to the spatial distance AC.

FReichenbach thus claims to have defined ftwo separate systems for
determining the space~time mebrics. He has on one  hand what he
classifies as  the metier-axioms based on definitiorns of metric
via rigid rods and standard colocks coupled with a definition of
simultaneity invelving light transmission which effectively
over-apecifiss the independent variables. Un the other hand he
has  the 1ight axicoms which remove  the over-specification of
variables and rely on light transmission for determining the
cpatial metric. RBoth systems are applicable to  the empirical
world, it is  for sclesnce  to demonstralte  the conseguences of
their application. What Reichenbach’s attempt to separate out
light-aviaoms from matter-axioms clearly distinguishes, however,
iz that the physical results from applying one system may have a
different form from the results of applving the other system.

For svample 1f we defimpe uwunit length in terms of light
1fﬂ“amiﬁjluﬂq %h@rt is no logical reason why  the relationship

hetween the length of a relatively moving line—-seagment with its
stationary lengith should correspond to the relationship obtained
when  physical measuring rods are used. Reichenbach correctly
identifies that Einstein’ s Special Theory of Relativity provides
a physical, and therefore empirically verifiable, theory

that material things adiust, not to the classical,
but to the relativistic ligti-geomsiry.

In other words both metrics aaplyq provided that the Lorentz
transformations are applied to physical rods and clocks.

This aseertion constitutes what is new in the
theary of relativity from the point of view

af physics. Whereas all of the light-axioms haold
in classical optics, to which the theory of



relativity adds only the assertion that the

velocity of light s the upper limit Tor the

spead of signals, the matlsr-axdioms signify a

deviation from classical theory. They contain

the assertion that the Lorent:z transformation,

whict in the light-geometry differs fTrom the

Galilearn transformation only bv definitiorn,

ig at once the transfTormation for measuring

rads and clocks. This assertion contains, therasfor

theat part of the relativisetic theory of space and

time which is to be fested empirically.
{Reichenbach [19587, 176)

It is fruitful at this point to assess Reichsnbach’s achisvemant
i ddesntifying the bDbasic axioms applied in  providing &
gpace-time metric, and particularly in illustrating how the
Theory af Rel uilVltv iz able to reconcile the conseguences of a
metric based on the matbter-axioms with one on the light axioms.
The awioems are deTined such  that the physical conseqgquences of
applying either basiz are the samg in inertial systems. He
demongtrates how the definition of simultaneity ie the “"key” to
a relativist conception of space-time, but parhaps  more
fundamerntally he shows thet the Theory of Relativity improves on
classical mechanics by rejecting the axiom that smeasure of
length or duration is wnaffected by relative movement.

Thers are ftwo exercisss that arz worth  following  through,
firstly it is worth examining the kinds of physical world in
which particvliar oetrics are appropriate,—- with particular
reference  to the world of classical mechanics as opposed tD
relativistic mechanics—, and then to re-consider Reichenbach’
digsturbing example of the geomstry of the opague plane.

I the world of NMewtonian mechanics, all events have absolute
coordinastes of space  and time position, and consequently
absolute values of velocity and acceleration. We can provide a
cartesian framgwork for this world with unit measures defined by

o standard metre  and  our standard olock {(spring mschanism
rather than pendulum). Causal comnection of events results from
mechanical interaction, and gravitational effects are not
tranemitted but have immediate effect at all spatial points. We
have no  requirement for  a definition of simultaneity. because
every ocourrence  has a unigue temporal reference available to
all observers ard a mebtre-long Foad remains a metre-long rod
whether it is on the desk in front of me or fired from a cannon.
I have no cause to attempt to check its length whilst moving,
since a rigid body will always occcupy the same  amount of space
oan omy reference frame, whatever its state of motion. We have no
causs to be  anxious about this svstem, other than to be uneasy
at Leibniz guestioning the validit of our frames of reference.
I we now introduce light into the system, nolt only as an object
Ffor  oeientific study, but as a tool for simplifying distant
measurenent, we have no reason for ansiety. I, like Einstein,
we give light a unigue metric of its own, we would recognise
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that measurement with light wmight conflict with measurement
hased omn ouwr standard metre. We would tend ,in case of conflict
between ow standard metre and light, to sxplain the discrepancy
in  terms of  the behaviowr of light changing as the medium
through which it is transmitted changes, — given that i1t is an
wstablished Tact that the properties of light cam be changed in
this wav. If, however, discrepancy only arises 1in considering
bodies in  absolute motion, the environmental medium remaining
unchanged, then it becomes necessary to produce a theory of the
effect on rigid bodies of absolute motion, -~ &s Lorentz did.
Reichenbach’'s objesction to such & theory would bs that it
imtroduces the concept of a uwuniversal force which afvects all
bodies agqually, irvespective of their differing material
composition. This criticiem of his seems to run counter to the
tendency in  physics for greater generalisation of law-like
e bacsy Lowr, and the necessary compulsion to understand
differential effects in terms of the application of generalised
causes (or forces) to differing material structures. What better
gensralised law within a system of absolute spatial and temporal
references,  than a law which attributes changed measured
physical properties to  absoclute motion. There i3 no question
that Reichenbach’ s principle of elimination of universal forces
doss identify a principle which is necessary in  science, and
accords well with Qokham’ s Razor, in that we showldn’t introduce
notions of spuricus  forces  into  gcience.  fAgainst  absolute
spatial and temporal ccordinates, however, length contraction as
a consegquence of absolute motion would be an obiective fact and
capable of detection. It would belong within the causal order of
pur absolute wniverse. [L is only when we try to establish a
geometrical structure for space and time based on relative
rather than absoluts apatial locations that physical length
contraction would appear as an arbitrary hypothesis.

It couwld be argusd that the Lorentzian phenomenon of  length
contraction as a new hypothesis is an indication of something
wrong with ouwr geometry of space and time, and thalt this was a
telling empirical blow against the concept of absolute spatial
and temporal coordinates. This is an indication perhaps, but the
problem with absolute space and time ie not one of inappropriate
coordination, as may with chiolice of a metrics it is
gpistemologically wrong. Leibniz demonstrated that the logic of
absolute position and time is not coherent, and the subseguent

Fantian constructs of G and time manifolds are
observer—-based. The Theory of Relativity is a demonstration that
the wrang espistemological basis for science will provide

incoherent empirical conseguences. The concept of relative, as
opposed to absolute, spatial and temporsl determination, is not
a coordinative definition which we are free to choose, 1t is a
logical prersguisite  of coherent science. Having accepted
relative position, we are then free to ohoose our empirical
meEtric.

Constructing & physical metric from a reference system in a
relativistic world is well described by Reichanbach in PET. We



begin by craeating & Riemannian reference grid with onr
definitions of length and time measure and rules of congruence.

The spatial grid constructed from rigid rods is easy to
visualise against owr cartesian  inheritance. In relation to
time, we envisage pesiting ow standard clocks throughout the
spatial dimensions, and then provide ourselves with a simplified
cartesian diagram of one space dimension related to one Lime

gimension. The only real problem we have, as Reichenbach
correctly emphasises, is in maintaining a concept of
synehronicity throughout our spatial frame. How do we log the

-y

time of distant events on our leocal clock? It is feasible, for
@xample, to consider, when logging  the motion of & moving
obhisct, thatl local time is recordsd as  the obiect passes
specific points, and then these recordings are retuwrned to base
for comnpilation. For ssample, consider a railway line as a ane
dimensional space, with standard time recorders set at intervals
along it. As & train passes a time recorder we get a time
coordinaticon together with the spatial coordination. At the end
f  each day we assembls all the readings and fill in  our
two-dimensional cartesian chart  logging train movements. We
sk bhat owr tims-recorders are all  functioning normally, by
brimging  them back to base at intervals to compare with the
master—-clock. We have had no requirement for synchronicity, only

i eam that time recorders {(and mEasuring  rods) are
unafifected by transportation. We have two dimensions an cur
master cartesian chart, and Tfor each recording we have two
independent Oeaswures, ~ sg  there can be no  anomalies  of
measurement. IFf we wish to speed up the process of coordinating
our recordings, then we could wuse a direct signal from  the
recording points back to base where we keep our cartesian chart.
We have thersby by-passed aur  lecal tise-recorders with  an
independent system, so that we are now in a position te compare
this record with the end-of-the-day record obtained by the
time-recorders  in the field. There is o logical reason why
these twoe charts should be exactly alike. Discrepancies could be
chue to oo

the &

1. Incorrect adiustment for transmission speed of signal
2. HBignal does not propagate with unifom speed
#.0. decay of speed with distance
. Rigid rulers change length when transported away
from base.
4. Dlocks change when transported, and behave
differently in different locations.

Both points 1 and 2 can  be readily checked against our standard
metric, and provided that discrepancies conformed to rules, then
appropriagte adiuvstments to recordsd signal times could be made,
- @ffectively a process of synchronisation. Exactly the same
gxperiment would have to be used to check on 3 and 4, however,
s0 it is  appropriate to ask whether we adiust the signal times
or the spatial and temporal divisilons on owr master—-chart. In
practice we would make the simplest adiuwstment, - which would be
affected by other uses we make of measuwring instruments and



signale. The fact that we have to make adiustments at all, is
because wa' ve over—-specifisd our metric and used three
independent phyvsical systems to provide a measure of  two
independent vaWiah3Pﬁn That wse can find a signal that does
provide a correlative system of seaswement with rigid bodies
and standard clocks is  an cobjective property of the physical
world, and reinforces, not just the regularity of the physical
prmﬁwr tims of the world, but our acceptance of its causal order.

Reichenbach emphasised the relationship belween causal ordering
and the wuse of the 1inht W*Qﬁalw IT there is universal causal
order thern it follows that ther ig a finite upper limit to the
rate of  propagation of afT@rtﬁn Instantaneous transmission of
any effects prevents & causal conneciion being made within owr
spatial framework. IT  there is & finite upper limit to rate of
causal propagation, then  in chooaing a signal wvelocity for the
epatic-temporal metric, it is important that the signal used is
at  this UpEpE velocity limit, otherwise signals  from distant
ohijscte will be overtaken by subseguent effects. Cholice of the
sigrnal must therefore iteself be based entirely on empirical
considerations. The Turther consideration related to
Feichenbach’ s concern for the relationship between the causal
principle and the spatial metric, is to note that the prime
-mason for introducing a light sigrnal into  an already  fully
specified space-time manifold, is to relate causal connections
between distant svents by establishing synchronicity. The order
gf  time and its metric is  thus a function of the causal
structure of the world.

Mith these considerations in mind, it will be fruitful to return
to  the  inhabitants of Reichenbach’ s opague plane with the
unusual metrical properties he  describes. Let us  presume that
thay busy themsslves initially, solely with their measuring
rods.  Until they encounter the arega under the hemisphere in the
glass surTare, they will pstablish Euclidean geametric
propertiss. We presume  that they adopt a principle of straight
lines by overlapping coincident rods. Let us now imagine two of
these inhabitants setting out  from & common point at right
argles Lo each other and progressing  along  tangenis to  the
circular problem area. They stop. each at their tangential
point, and twrn & right angle, ostensibly to complete the other
two  eides of a square meeting uwnder the centre-point of the
glass hemisphere. When they compare the lengths they have
travelled they will discover that the measured lengths of sides
in the problem area are approximately 1.37 tiees as long as the
sides of the sguare in the Euclidean area of their world. They
would  thereupon establish  a complete map of  this interesting
part  of their world, and either introduce the concept of a
varying universal force that affects the length of rigid
hodies,~(and they oouwld establish & continuous mathematical
function for  this dependent on coordinate position)—-, aor a
visionary mathematician could conceive of a third spatial
dimension and explain that this part of the surface actually had
a different geometry, -~ 1.e. spherical. Note that in the




asubsequent use to which they put either of these concepts, the

practical ouvtcome would be the same. Reichenbach would aver
that the conversion of the formula for length distortion into
the geometrical concept of spherical geometry is to be

preferred, because the mysterious factor affecting length is
removed from comsideration.

It is preferable to suspend judgment on which description is to
be preferred wntil other factors have been considered. et us
presume that the inhabitants resort to surveying their world
wilth theodolites, that is that they introduce a light metric. We
shall presume  that light is unaffected by the projected Torce
from the transparent swface above. The basic light geometry,
without reference to mgasured length. will be comsistent with a
Fuclidean world. Given this &apparent discrepancy with the
geometry based on physical messuwrement, the inhabitants would
gstablish an indespendent spatial mebric based on the velocity of
light and & standard clock. The conclusion from this would
stipport the diagnosis  thalt the geometry is  Euclidean, but that
physical objiects suffer dimensional distortion in one part of
their world. An alternative explanation which accepted the
spherical gecometry. would necessarily conclude that either light
accelerates on the slope of Lthe hemispherical bump, or that
clockse =lowed in  the same area. We would thus  introduce the
hypothesis of universal forces into the physical geometry that
had beern selected to gliminate them. Reichenbach did not pursue
his exploration to this point, so  we have no judgment from him.
The reaction to alternative interpretations 1is to select the
most useable, which would be a vindication of Conventionalism.

Reichenbach, having examined the bases of the metrics employed
by the Special Theory of Relativity., proceeds to examine and
glaborate on  the results of the Theory. He explores the
Minkowskili representation of the space-timse manifold as a
four—dimensional space, and he demonstrates that if the Lorent:z
transformation iz applisd to the metric based on rigid rods and
clocks, then the results are entirely consistent with those
obtained fram “light-geometry”. Reichenbach is essentially an

SO LTS , drawing out and eslucidating the conclusions
achieveable from Einstein, and hs examines the apparent
paradores associated with clock retardation and length

contraction of relatively moving bodies. He compares length
contraction as explained by each of Lorentz and Einstein, and
although he designates the lLorentz wversion as a "real
girference”. he points ocut that Einstein's version is not Yan
apparent Jdifferencse” but -

results from a difference in the conditions of

messurenent

{Reichenbach [19381, 197)

In his final zection of Reichenbach elucidates the
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conclusions of  the General Theory of Relativity. In his
subsequent analysis he draws the conlusion that in a static
gravitational field, (as opposed to the gravitation-free
inertial fields e has considered in relation to the Special
Theory) ., the geometrical conseguences of his matter—-geometry
{i.2. wunit rods arnd clocks) do not correlate with the
geomnetrical conseguences of his light-geometry. Furthermore, in
a varying gravitational field, the definition of simultaneity is
affected by the dependence of light wvelocity on wvarying
gravitational properties, which in tuwrn has conseguences for
measuwres of length and time. We thus have anomalies like

Two rods equally long when compared at one place
are no longer equally long when they are apart

Freichenbach therefore draws the paradoxical conclusion

The coupling of geomeltry and gravitation that
follows from the theory of relativity has
therefore a peculiar conseguence. [ts greatest
success consisted in its explanaticn of geomelry,
in which it revealed the bzhaviour of measuring
instruments as an effect of a gravitational field.
But this conception subjects geometry to the
variability of gravitational phenomena, and geometry
loses its definiteness in fields in which the
adjustment of measuring instruments is not wniform.
{(Reichenbach [198537, 2637)

In such circumstances the physicist must work within finite
spatial and temporal regions, where, because finite spatial
domains of any topological structurs are mappable onto Euclidean
space, it 1is possible to establish a topological order. Under
these circumstances, spatial and temporal ordering is possible
only through the demand (coordinative definition) that we make
for causal ordering

mot time crder alone, but the combined space—-time
arder reveals itself as the ordering schema
poverning causal chains and thus as the expression
of the causal structure of the uwniverse. ... The
system of causal cordering relations, independent of
any metric, presents therefore the most general type
of physical geometry ... If rigidity and uniformity
were to disappear, the causal chain would still
remain as a type of order.

(Reichenbach [12581, 268)

Reichenbach’s final conclusion in F3T is a reaffirmation of his
gempilricism -

The realitv of space and time ... is somewhat
nhscured by the appearance of an element of
arbitrariness in the choice of the description.



But in showing that the arbitrariness pertains to
toardinative definitions we could make a precise
statement aboul the empirical component of all
space-timg descriptions. ... Mathematical space
is a conceptual structure, and as such ideal.
Fhysics has the task of coordinating one of these
mathematical structures to realitv. ...physics
makes statemenis about reality, and it has been
aur aim ta free the obiective core of these assertions
Trom the sublective additions introduced through
tha arbirariness in the cholce of the description.
{(Reichenbach [19581, 287)

it is apposite to review Reichenbach’'s achievements in FS5T. His
puirpose, as indicated in his Introduction, is to provide a
comprehensive analysis of the epistemology of space and time in
the light of developments in sciernce up  to that time , and
particularly conseguent to Einstein's Theory of Relativity. He
acknowledges that the last comprehensive analysis of space and
time based on a full comprehension of contemporary physics was
by Kamt inmn the Critigue of Fure Reasor.

Im RAK be had stated that his digssatisfaction with Kant's
analysis lay inm Kant's belief and statement of method that the
approach to a study of scientific knowledge must be based on the
principles of reason, and conseguent to that Kant's presumption
that the bazes of knowledge — a-priori svnthetic judgments -
were effectively immutable. It is perhaps pertirent to assess
Fant' e work wsing Reichenbach’'s own categories of Ycontext of
discovery” and "context of justification”. Certainly, FKant, in
his justification of the Critigue of Fure Reason, appeals to a
schema of Aritotelian  logic, that is rightly open to criticism
by Felichenbach as a suitable system for analysis of scientific
krnowledge . Fant's context of discovery ,through which he
subjects concepts to exhaustive analysis., is, however, the
appreach of the scientist/enginesr who worries over all possible
ramifications. Reichenbach's approach in P37 is very similar,
sxcepting that he makes no  appeal to  an external system for
Justification of his method,.

His dissatisfaction with Kant' s concept of an immutable a-priori
lazd him to reject the relevance of Fant's analysis to twentieth
century science, and yet his work accepts the kKantian axiom that
krnowledge is derived by imposing form on  smpirical content. He
is wnsullied by the methods of classical empiricism or of
logical positiviem with the primacy they give to unstructured
perceptions.  For Reichenbach, there 1ie an independent world
presemted to us, which we come to terms with through a scheme of
concepts that shape the presentatiorns in a form that is useable.
Thus although he rejects FKant's concept of the a-priori, he
replaces this with a svstem of coordinative definitions. These
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are the presuppositions we impose on experience. In BT he seeks

the coordinative defimitions requisite for wus  to handle the
spatial and temporal concepts of post-relativistic physics. In

. he had dismissed kKant's transcendental method as  being
misguided, c¢riticisimg that Kant should have looked to the
substance of knowledge rather than to  the logic, and yet in EST
he sesks out the necessary coordinative definitions for space
and  time by appeal to their structural logic rather than by
analvsing knowlsdge of spatial and tempaoral properties.

He approaches +the subject with the FKantian method, but he
enlarges the method by pursuing the criticisms he made in RAK; -
"How  can we  determine that a particular set of coordinative
definitions is the most appropriate?”  and "Is a unigue
coordination in  fact always possible? . The answer that he
provides to the first of these guestions is in effect a direct
criticism of Lorentz’ attempts to reconcile Electromagnetic
Theory with the Michelson-Morley result of the constancy of
velocity of light, - we must provide explanations of empirical
phenomnena without recourse to universal TForces.

Carnap, in hig Introductory Remsrke to the English Edition of
F5T,. draws attention to this "fruitful idea” of Reichenbach’s,
and comments

I this principle is accepted, the arbitrariness
in the choice of a measuring procedure is avolded
and the gquestion of the geomstrical structure of
physical space has a unigque answar, to be
determnined by physical measurements.

Reichenbach regarded the coordinative definitions we apply as
guite arbitrary, unlike Eant who claimed necessity for his
specitic a-priori concepts. In their application; however, we
may find that physical phenonena are subject to universal
forces, -~ as Lorentz did with his reconciliation of the
Michelson-Morley superiment. Reichenbach’s response  to  the
presance of universal forces is that this is the outcome of an
inappropriate system of coordinative definitions. In the Lorent:z
case this is the definition that a moving rod should give the
same  length MEKRSUrE  against a reference frame at rest
irrespective of its relative velocity. Reichenbach therefore
gereralises his coordinative definitions to remove the anomaly
of wuniversal forves. Despite this modification, however,
Feichenbach’ s definitions are still essentially arbitrary and
therefore not necessarily a unique sst, - as he demonstrates for
inertial reference systems where light-geometry axioms provide
the same oubtcome as matter-—-geomebry axioms. Given a particular
set of definitions, a unigue empirical description will result
orce universal forces are eliminated. Reichenbach’'s dispute with
Kamt is therefore, not that we need to impose form on experience
through basic coordinations, but that there is no necessity for
a particular set of coordinations provided that they vyield a
description of experience without recourse to universal forces.
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When he studlies the geometry of complex gravitational systems he
discovers that his basic systems of measure are no longer
approapriate, and  that universal force fields are necessary to
interpret local ogeometry. He ackrnowledges that his definitiorns
of spatial and temporal measuwrement are no longer appropriate,
and can offer only one of his coordinative definitions to guide
the physicist, — namely causal connection. It would appear that
with this admission, Kant is finally wvindicated. Kant's thesis
15 that empirical EkEnowledge demands causal connectiony  that
without it we lose the unity of the space-time manifold, and
theretore causal connection oust be a feature of our empirical
knowledge. Reichenbach, in fact, is not so dogmatic: he makes no
claim that we must always find causal connection, although he
offers no advice on how to proceed in  its absence. Reichenbach
is  prepared to accept that the empirical world may display
instances of lack of causal order.

Hilary Putnam observes that Reichenbach givers a unigue position
to  the principle of causal connection in  his  apparently
Conventionalist approach to Space and Time,

With respect to the metric, as opposed to the topology.
of spacetime, Reichenbach’'s position was a sophisticated
Torm of conventionalism. The world as it is in itself
does not have a unigue metrici it does, however, have
a unigue topology, and this is defined ... in terms of
the causal relations (and uwltimately in terms of the
statistical relations) between the events of which the
world consists.

(Futnam [19%1]1, &9}

We showld not move o from FST  without referring to
Feichenbach s analysis of visualising non-BEuclidean space. His
treatment has an engineer’'s thoroughness, and in particular his
identification of the way 1in which we use diagrammatic
representation as  a means of resolving problems, lends insight
to the compulsion we have to coling to Euclidean concepts. As he
points oult, diagrams 1in a two-dimensional plane are subiect to
the logic of the plane swrface,~ 1i.e. of Euclid -, which is &
restricted system of logic, and hence visualisation tends to be
locked into this restricted system. Visuwalisation of other
geometrical spaces therefore requires  us to accommodate
different aids to problem sclving.
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Chapter &

FEITCHENBACH ON FROBARBILITY., AND EXPERIENCE AND FREDICTION

After completing The Fhilosophy of Space and Time in 1928,
Reichenbach returned +to his precccupation with the application
of probabilistic concepts teo science. His one subseguent major
publication on the philosophy of space and time is The Direction
af Time, which was published posthumously and restates many o f
the arguments of FST, but extends the scope with a probabilistic
consideration of entropy and guantum mechanics.

Evperience and Frediction was published in 1938 whilst he was
Frofessor at the University of Istanbul, with the intention, as
described in his Frefsce, of -

it is the intention of this book to show the
furidamental place which is ovccupied in the system
ot krnowledgse by this concapt {probabilityl and to
point out the consequences involved in &
consideration of the probability character of
kEnowledge.

{(Reichenbach [19381, vi)

Whilst at school, Reichenbach had been impressed by the
statistical methods emploved by Boltzmann in arriving at the
thermadynamic properties of gases. This was possibly the trigger
that stimulated his interest in the application of probabilistic
considerations  to the study of empirical events. Hefore
mroceeding with an analysis of Reichenbach’s work in this area
it is helpful to look specifically at Boltzmann's work.

Boltzmarnn' s Theory

Whilet Frofessor of Mathematical Fhysics at the University of
Hraz, Luadwig Boltzmann, i 1872, published what has since been
called the Boltzmann Fguation. Boltzmann’'s problem was  to
accommodate the atomic thecry of matbter with the thermodynamic
hehaviowr of gases. At this time, emerging atomic theory was
very much  the property of chemistry, and it had nat been
comprehensively introduced  to account for the physical
properties of matter. It was Boltzmann’'s objective to remedy
this.

Eoltzmann began by considering a gas as a collection of a very
large number of molecules moving freely within a container at
fiigh velocities, and he elected to treat this as a statistical
zagregate. The molecules themselves were considered as moving
freely subiect to the constraints of (Newtonian) mechanics. If a
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snapshot  of the molecular assembly couwld be taken, then the
poeitions and momernta of  the molecuwles would conform to  a
statistical distribution; that is there would be a probability
function Tor the nunber of moleculess in any sub-space of the
system, and this would also apply to  the number of molecules
whose momenta were within particular limits. Roltzmann’'s
hypothesis was that the probability function would be Gaussian,
and would correspond to  that derived by James Clerk Maxwell,
dependent only on the absolute temperature and enerqgy of the gas
as  a whole. From this basis Boltzmarnn is able to calculate
progerties for the volume of gas as a whole, and able to agree
viith well-established results, including the Gas Law —

PV o= N T

where F 1s pressure , ¥V ie volume , T is Abs. Temperature,
M is Avogadro’'s number , and k is now Boltzmann's constant

Boltzmann, however, had also wished to reconcile the Second Law
of Thermodynamics with classical physics. The SHecond Law asserts
that the Entropy of an isclated system increases as  time
progresees., that is that differences in  kinetic energy between
parts of the system diminish. Another way of expressing the Law
ie thal in a dynamic situwation recognisable order can degrade
irnto random motion, whereas the reverse cannot  apply. Thus the
Second Law vepresents thermodynamic processes as irreversible.

This concept does not appear to be reconcilable with Newtomian
mechanics, which doesn ' t specify & preferred temporal direction
Toy dynamic systems. For example, if it were possible to film
the molecules of & gas bouncing around in  thelir container, and
ther the film was played backwards, either direction of playing
would be consistent with Newtonian mechanical principles; so
that 4if entropy happened to incresse over a specific time
interval then 1t would decrease in this interval in the reversed
Tilm.

By approaching the molecular agoregate statistically, however,
the most oprobable states of the aggregate are those which are
most likely to be measured, and these are those of higher
entrapy. This corresponds with the exwpsctation that the most
probable distribution of molescules in & given space is the most
undform, - that we would expect the space to be fairly evenly
Til led by the molecules.  Thus, whatever the initial
configuration of the molecules, subsequent states will most
probably display wniform distribution of spatial position and

momentumy; — that is of higher entropy. Thus Boltzmann has
modelled an  irreversible process in accordance  with the Second
Law of Thermodynamics and in  apparent conflict with the

revereibility of Newlonian mechanics. This therefore provides an
apparent paradox of visualising reversible mechanical events
viglding irreversible conseguences. We are, however, accusiomed
to the fact of the mixing process  that the Second Law
effectively represents; and Boltzmann gives an  example of this

- 1056



in  an address to  the Impesrial Acadesmy of Solience in 1884,
(Boltesmarnn [19747, 1353 Imagine a collection of white and
hlack billiard balls moving randomly in a finite space, with
initially all the white balls in one half and all the blachk in
the other. Az time progresses we would expect to see increasing
intermingling of the black and white balls, and wouldn’'t expect
to see  at any  subseguent instant the configuration of colour
that we had initially.

This paradox fascinated Reichenbach and provoked him to regard
the application of the probability calculus towards establishing
enpirical laws, as having a justification in its own right. He
returnaed to this issue thvoughout his philosophical career.

In some respects  the analogies with  thinking in terms of &
collection of black and white Billiard balls, or even of ftaking

a Tilm of moving molecules, are guite misleading to an
understanding of the concepts of molecules in a volume of gas.
L 3

For example two grams of hydrogen gas contain & X 10

molecules. This is & rmumber that is  inconceiveable in everyday
terms. In statistical terms, after moving from an initial given
configuration (as with withdrawing a partition dividing two
gdissimilar gases, or gases of different temperatures), the
variation from predicted values for the equilibrium of the
resultant gas would be within an order of one part in 10 to the
power L1, -~ miniscule and effectively undetectable.

I it were possible. however, to follow through a collection of
particles moving in & closed space on Newtonian principles, and
a large series of random snapshots were taken of the whole
collection to measure position or momentum, then the statistical
distributions of these mneasurements would conform to the
Boltzmann statistical model. The smaller the number of
particles, then, according to the probability calculus, the
greater the proportional scatter of the distribution, but on the
fragquency seale applicable to molecules in  gases the
distribution would demonstrate virtually no measureable scatter.

The apparent paradox  only begins  to dissolve when the whole
context of the situation is aramined. Considering the
reversibility of Newtonian mechanics, there iz & temptation to
ask why the initial boundary conditions should not  recurs why
shouldn 't diffused gases return to  their initial separated
condition at some stage? There is of course a probability that
this might ccour, but it is so small that allowed time to see it
happen couwld be longer than the present history of the Universe,
and it would be necessary to capture the measurement of the
situation abt the precise time,~ before continuing motion
pre-mi Hed the molecules. Odd distributions will occur
instantaneousiyv  in  any dynamic system of particles moving
accarding to Newtonian principlesy  the problem for the observer
of the real situation is in capturing the measurement alt the
precise instant. Rendom observation will only confirm that the
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Seoond LLaw of Thermodynamics applies.

The paradox of reconciling the Second Law with reversible
mechanics sesems to arise from a confusion of concepition of the
actual situation as it can be observed or measured. We create an
initial configuration that we impose on the wperimental
situation (initial boundary conditions), such as two different
gases separated by a partition, and then release the system to
the free play of dynamics, -~ as in withdrawing the partition.
We must not then overlook the practicalities of the observing
and measuring process  itself, including the concept of an
instantaneous measure of a dynamic aggregate. We may have within
the system in its subsesguent development what might be regarded
as instantaneous states, which parsist throuwgh only the smallest
of time intervals, where what we would regard as an improbable
distribution applies. The likelihood of such a state coinciding
with an "observation’ of the system is however also improbable,
and observations taken randomly will only bear out the
statististical predictions &g applied in Boltzmarn’'s analysis.
It could perhaps be objected, when considering the situation of
a molemalar aggregate, that if even instantaneous states of
agrdsr ocowr then  these should make themselves apparent. For
example in & bath of water at 80 Centigrade we could expect to
ghserve occasional local pockets of boiling water. This could be
courntered by examining statistical likeliboods, but given the
possibility of & localised molecular collection with individual
energies eguivalent to  that reguired for boiling, we require

same temporal  persistence  for it to be chserved at  the
macroscopic level. The possibility of the state being achieved
is indeed af very low prabability, Bbut extending this
probakility to allow for any degree of pereistence in  time to
allow the effech tn be noticeable takes us beyond  the

statistical possibility of ite practicable achievement. The
effects of molecular agoregates at  the macroscopic  level can
orly present themselves as persisting  through temporal
intervals, and therefors we can only observe the effects of the
most  probable arrangement,~ that is as though the space is
evenly filled with molecules moving with the average molecular
engrgy content.

Boltzmann himself, in an article in Nature 51 in 1895, entitled
“n Certain  Guestions of the Theory of Bases”, believed that
"The Second Law  [of Thermodynamics] can never be proved
mathematically by meams of the equations of dynamics alone”,
{Boltzmann {19747, 204). BEoltzmann concluded this article by
swamining the implications of this application of statistical

s

mechanics to the totality of the Universe -

We assums that the whole universe is, and rests

for ever, in thermal equilibrium. The

probability that one (only one) part of the universe
is in a certain state. is the smaller the further
this shtate is from thermal eguilibrium; but this
probability is greater, the greater the universe
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itself is. T we assume the wuniverse great enough
we can make the probability of one relatively small
part bsing in any given state ...as grealb as we
plesse. We can also make the probability great
that, though the whole universe is in thermal
guilibrium, ow world is in its present state .
(Holtzmann [19743, 208,20%)

In a lecture "On Statistical Mechanics" given to the Scientific
Congress in 8t Loulis in 1904, Boltzmann develops the idea that
in & maoroscoplic universe, relatively microscopic regions within
it will show apparent decrsases of entropy.

I only, thereforsg we imagine the world as large
ernough, then according to the calculus of probability
there will supervene now here now there regions of
the dimensions of the system of the fixed stars
that have guite an improbable distribution of states.
Both during their formation and during their
digssolution the temporal course will be
uri-directionalsy if there are intelligent beings in
such & location they must gain the same impression
of time as we do, although the temporal couwrse of
the universe as & wholg ils not uni-directional.
(Boltemann {19747, 74)

Thus Boltzmann has also  indicated & correspondence  between an
increase of entropy with an objective determination of the
direction of timeg. This idea is later developed by Reichenbach
it his book The Rirection of Time.

Reichenbach and Statistical Analysis

Reichenbach’'s  first publications on Frobability were in 19320
with the appearance of PThe Fhysical Fresuppositions of the
Calculus of Frobability® in  Zegitschrift  flu-  FPhysik 2  No2
~-1713. and "A Fhilosophical Critigue of the Frobability
Calouwlus”  in Die Naturwissenschaften 8  No8 (146-1533). In the
firet of these papers bhe determines to provide an objective
basis for probability

there actually exist objective states of affairs
that can be exvhaustively described by means of
probability laws (Reichenbach [1978]1,v.2, 2946)

He then proceeds to develop his theory of obisctive probability
as a limiting Treguency from a potentislly infinite series of
OUORFFENTEs

We will therefore define as equiprobable those

cases that, with repetition, converge more and
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more clasely toward an egqual nunber of
realisations

{(Reichenbach [19781.v.2, 296)

In the sscond pFaper hie considers the gpistemological
significance of giving objective significance to probability
measures of empirical regularity. This work relates entirely to
fiis Kantian grounding, and his method is

the investigation of the compatibility between this
hypothesis and the principle of causality in order
to present the paossibility of ths laws of probability.
nly afterwards will we twrn to a demeonstration of
their necessity for physical knowledge.

(Reichenbach [1978].v.5, 314)

Like Foincare previouwsly, Reichenbach takes as his example the
rotation of a roulette wheel as an event that can be repeated
and provide measureable results. Despite a study of many of the
rauzal factors at work, and attempts to control them, the
roulette wheel will nobt stop each time in 2xactly the same
position. This is a feature of the physical world; it is not
possible to reproduce exactly all potential causal determinants.

We will obtain a continuous fregusncy distribution of
discrepancies from the mean probable total angle turned by the
whewl . This gdistribution represents the effects of the

variations in initial conditions for which we have made no
causal allowance. Thus, in representing factors for which no
causal connscltion has bean made with the outcome, the
distribution offers no contradiction to the causal principle.
This is nobt a denial  that causal factors may be at work in

determining  the discrepancies, but i1t is an independent
ohijective fact that discrepancies that do occur will conform to
& continuwous freguency gdistribution. FReichenbach thereby

demonstrates that the principle of probability can co-exist with
the principle of causality.

In looking at the pecessity of the probability principle for
empirical knowledge, Reichenbach distinguishes between judgments
in  mathematics and logic as  "stipulative judgmernts” and
judagments of physical events as "reality judgments" . Using the
concept elucidated in the same year in RAk, of "coordinations’,
he describes how we cans only coordinate concepts  to empirical
objects, whereas in mathematics we necessarily must completely
define and specify the concepts we are using. A "reality

dudgment” therefore relates to obiects which are orly
pestensively defined, but in  incorporating them within a

scientific system we are obliged to coordinate these ostensive
concepts with mathematical struchtures. We are making idealised
approximations. Thus, in relating the Earth's gravitational
constant to MNewton's universal constant, we idealise the Earth
as a spherical mass. Even if we attempt to be more precise and
allow for the flattening of the poles, we are still making
approximate idealisations; it is physically impossible  to make
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fuull alliowance for every wrinkle on the Earth, - and in fact
guite logically impossible to have a perfect mathematical
realisation of a physical object. Thus, any conclusion we form
of & law-like mature about physical objects, includes the notion
that this is an idealised approximation. Any measurs we make of
a physical constant is  therefore an  approximation. Thus, a
demonstration of causal connection makes implicit allowance for
the approximation of actual measurement and elimination of
disturbing factors. In faormulating empirical laws, we are
therefore presupposing that objective indeterminacy conforms to
the principle of probability.

Expanding the Kantian idea, we must now declare the
law of distribution to be an a-priorvi principle of
bnowledge in just this sense. For it is likewise &
noecessary presupposition of knowledge, and we may say:
I¥ physical krowledge exists, then the principle of
distribution is valid.

{Reichenbach [(19783.v.2, 320)

Feichenbach s argument for accepting the principle of objective
probaiility is cogent, and yet it is not immediately clear
whether or not it is & significant contribution to the work of
Kamt and Cassirer, or whether it has anything like the
significance of his own work on “coordinative definitions".
Imagining the setting of Reichenbach in his late teens and early
twenties, we have the impression of an ambitious young engineer,
bursting with enthusiasm for physical explanation of the world,
confident in  his capability in  mathematics to master any
developments in physics, and with a deeply-held belief that
understanding must  come through epistemology,. and particularly
through the inspiration of Kant. He sees the shortcomings in
Kant, due largely to the physics and mathematics of the
Eightesnth Century, and of couwrse he will have worked through
asome of these with the scholarly Cassirer. It is understandable
that, with his cwn abilities and uwnderstanding of post-Kantian
physices and mathematics, he should want  to make his own mark on
spistemologys a real sciesntist providing & proper revision of
the physics of Kant, rather than revision coming from the
scholars of the neo-Kantian tradition. At school he encountered
Roltzmann's statistical treatment of molecular collections, and
the application of probabilistic reasoning to other aspects of
physics would have appealed to him. Did he, as a consequence,
distort the significance of objective probability. or has he
made a real reinforcensnt of Fant’'s yasic a-priori principles?
The imagery that suggests itself, is of the great man Kant
sitting at his desk writing his Critigue, with his enthusistic
young son tugging eagerly at  his coat-tails, being helpful, and
pointing to a small ink-blot on the paper.

vie are most aware of the problem of objective indeterminacy when
we  come  to maks  measurements, which is  generally in  the
scientific realm. Reichenbach., in his analysis, specifies two
souwrces, — the effects of causal influences nolt accounted for,
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and the discrepancy of empirical reality from ouwr mathematical
model. It is objective indeterminacy that is under scrutiny, so
we car  ignore variability associated with measurement. We must
accept, with Reichernbach, that it is not possible in any
physical sitwation to make allowance for all possible causal
factors, ~ it is a physical impossibility. It may be, of course,
that the precision of measwrement we reguire makes generous
allowance for all possible causal disturbances to the measuring
process. For edample, if I read nv speedometer on the motorway,
and it displays &9 m.p.ha, I'm perfectly satisfied that all the

potential causes of discregancy between "actual” and "recorded”
are inswfficient +to condemn me as & law-breabker. I¥ the
speedomstsr  is displaying 70 m.p.fi. and a police-car is

following me closely, then it is  likely to cccur to me that the
calibration of my spesdomster was effected in England and not
Switzerland, and that it is at least a month since I checked my
tyre pressure: a prudent 63 m.p.h. is recommended. In such
instances where we recognise that we haven’'t takenm account of
all influences, we accept that there is a continuous
gdistribution of diszcrepancy, but we fully understand that this
is the effect of causal influences. The a-priori principle, or
coordinative definition, we employ, 18 that of causal
connection. We expect a probability distribution because of our
aceptance that the physical world is causally connected. We are
not invoking anobther principle of uniform indeterminacy.

Although, when analysing the epistemology of the probability
distribution, Reichenbach considered the Roulette-wheel, and
herce discrepancies due to unidentified causes, his argument for
inclusion of the principle as a-priori  is  based on  the
relaticonship between the ideal mathematical models employed by
srience with their imperfect physical correspondences. He is
gffectively claiming that we make allowance for the fact that
what's oubt there is a little bit more awhkward than our
representations on bite of paper in diagrams or mathematical
models, but  that we are secure in  this because we understand
that the discrepancy behaves in  a uniform manner. Ouwr security,
however, surely comes fTrom owr  acceptance of the principle that
causal connection operates in the physical world, and provided
that we have taken into account the major influences, Lthen we
pxpect small discrepancies betweern model and actual, - due to
the cansal factors that we have ignored. We alsc expect these
digcrepancies to conform to a continuous distribution due to the
miltiplicative effects of a very large number of factors of
decreasing size. Thus having modelled the Earth as a sphere, and
made dug allowance for the flattening at ths poles, I give some
consideration to the uneven surface distribution of land and
water and then choose Lo igrnore this, and [ certainly don’t even
consider the distribution of populations, or of plant-life. or
that the rabbilbt population of Australia is decreasing. Because
the physical world is causally ordered, we are enabled to make
models  that are uwseful. There is no  independent a-priori
principle  of probability distribution that we apply, only a
principle of causal connectedness. Relchenbach 1s correct  to



itluminate how probabilistic considerations enter into all
measurement of physical thimgs, but he is misguided in raising
this to a-priori status.

Experience and Prediction

EF  begins by setting out the task of epistemology, which is
defined as “the rational reconstruction of the context of
justification [of scientific knowledgel"”. Reichenbach uses the
designation “context of Jjustitication”, as distinct from the
teontext of discovery?, as a means of distinguishing the
systematic presentation of an idea as an  integral component of
srience. The rational reconstruction must include an analysis of
thoss “decisions"  that directly affect the form in which
ecientific knowledge is presented. The "decisions" referred to
in this context are the ‘'coordinative definitions” of PST and
RAK, and it is noteworthy that Reichenbach has chamged his
nomenclature. He does indicate that it is not always easy to
discern where a "decision” actually has  to be made, — as with
Einstein‘s discovery of the relativity of simultaneity. He also
wishes to examine fully what is entailed by such epecific
"decisions', to avoid the misconceptions of "extreme
Convenrntionalism”. His criticiem of Conventionalism, &s defined
by Foincaré, is that, although it has served a useful function
in elucidating the volitional aspecte of krnowledge, it has not
sufficiently frursued the logical interconnections arnd
consequences through to the objective aspects of knowledge.

Analysis begins with a review of the function of language in
srience. This begimns with "meaning'-

Meaning is a function which symbols acguire by
being put inte a certain correspondence with facts.
(Reichenbach {12381, 17)

Thus Reichenbach is maintaining consistency with his earlier
petensive definitions of empirical concepits. Although "msaning”
cart  be defined in this way, he affirms that it is only
propositions which can express meaning. Reichenbach gives three
properties to propositionsi —  "meaning’”, "truth”, and "weight"”.
It is necessary to be clear how Reichenbach intends to use the
properties of “truth” and “"weight". A proposition can only be
thrue” or “false"  in relation to the facts. Thus the statement
"Tulive Cassar was in Britain.” is either true or false. With a
historical statement of this kind, we may not be certain which
value to give the proposition, but as a matter of fact there is
no doubt  that it is either true or false. On the other hand,
given the imperfect state of ow knowledge, we may wish to
attach a Tweight" to the proposition, and this weighting may
change as new facts are obtained. On the other hand, the notion
of weighting is redundant if we are dealing with immadiate facts
like "It ie raining outside.”



Truth-valus , therefore, is an absclute predicate
of propositions, and weight a relative predicate.
{(Reichenbach (19381, 27)

Introduction of the "truth” concept introduces us  to  a
consideration of verifiability and the Fositivist interpretation
Ya propositicn has meaning if, and  oanly if, it is verifiable &s
true or false”. Reichenbach wishes to add & second definition in

order to secure the essence of "meaning” rather than leaving the
definition only dependent on  truth-value; "two sentences have
the same meaning  IF they obiain the same determination as true

ar false by svery possible obssrvation”, (Reichenbach {(19387,31).

Feichenbach thus sets off on an analysis of  the possibility of
varification, which is crucial to his epistemology and provides
a sharp distinction of his empivicism from logical positivism.
True ke his patient method he carefully examines =ach concept
that ococurs. He begins with the "possibility” of verification,
and considers three standpoints, -~  technical, physical, and
logical. The most restrictive category is  that of technical
possibility, in that for example it is not technically possible
irnow) to specify the detailed structure of a human chromosome,
although it ie physically possible. Likewise, logical
possibility iz the troadest category, in that for example it is
logically possible to assess if life exists in a galawy 1in a
remote part of the universe, but it is physically impossible to
check this. Thus we have to be clear about how a process of
verifiability is to be applied. When these distinctions in types
of possibility are applied to the definition of "same meaning”,
they also apply differently. as in  the example Reichenbach
gives-

1t iz physically impossible to find facts which
confirm the statemsnlt, "A moves towards B", and do
ot confirm the statement, "B moves towards A", -
this is the content of Einstein’s principle of
relativity. ... {(but) it is logically possible
to imaginme a world in which the principle of
relativity does not hold.

{(Reichenbach [19381, 44,45)

Reichenbach therefore looks towards Positivism and Pragmatis
for further guidarce. He introduces the concept of indirect
vl T icatiarn, that is of indirect propositions which can be
converted into an squivalent series of direct propositions,— and

direct statementse are capable of wverification by direct
phservation or messurement. Reichenbach rejects that it is
possible 1in all casss that indirect propositions can be

converted to & series of direct observational propositions. For
gxample, the statement, "The tempesrature at the centre of the
Surn is  forty million degrees Centigrade”, can not be directly
verified due to our physical limitations, although it is
possible to make this statement and it has & meaning for a
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physicist in a verifiable sense. The Fositivist contention would
bee  that the statement i1s eguivalent to & chain of reasoning
trased on direct obsesrvation, and dincluding for example
statemernts about the measwrement of intersity of heat from the
Sun  at the swrface of the Earth, and measures of mass and
distance of the Sun. Reichenbach’ s rejection of this is that
sueh an indirect proposition contains elements that are
gereralisations and inductive reasoning, and is always more than
a finite set of simple observational propositions. An indirect
propositicon of this type contains probabilistic implications.

We are Yorced, thersfore, to make a decision:
gither to renpunce indirect sentences and consider
them as meaningless or to renounce absolute
verifiakility as the criterion of msaning.
{Reichenbach 193871, 533)

Reichenbach therefore recasts his  two definitions of meaning in
terms of “weight', rather than "truth”. He also restricts their
applicability to "physical possibility” as opposed to "logical
possibility’, becaussg -

those propositions which demanded logical possibility
for obtaining meaning within the truth theory receive
meaning within the probability theory as indirect
praopositions.

{Reichenbach [1938]3, &4)

His two definitions of meaning are therefore-

& propositicon has meaning if it is possible to
determine a weight, i.e., a degree of probability
for the proposition.

two sentences have the same meaning if they obtain
the same welght, or degrese of probability, by every
possible observation.

(Reichenbach [19381, 54)

This transfer from truth  to weight has resolved a  problem of
positivism which offers a narrower deTinition of "meEaning” than
is  accepted in  current use. Reichenbach has allowed that a
proposition has meaning if we can make a physical appraisal of
ites wvalidity as opposad to an  absolute judgment of it. The
positivist reply could be that "We have no right to make
statements if ws are unsure of  their truth, unless we include a
probabilistic gualification within them, which 1is then
verifiable”. This is a wvalid objection to Reichenbach, although
the consequence would be  to rephrase all scientific conclusions
based on  inductive ressoning. Relchenbach’'s definition is
pretferred, because in practice its consequences are simpler.

Reichenbach 1s concerrned to relate his redefinitions of
"meaning” in & positive way to both Positivists and Fragmatists,




but firs offers sharp criticism of Wittgenstein’ s radicalism.
Wittoenstein had mainteined that we have no knowledge of future
events, and therefore, although they are verifiable in the sense
that we can wait to test  them, we cannot emphatically give such
propositions a trutir-value now. Reichenbach is critical of this
"intellectual asceticiem which has suppressed all understanding
of the "bridging’ task of sciznce ~ the task of constructing a

tridge from the known o the unknown,from the past to the
future”, (Reichenbach [19387, 79). Reichenbach wants propositions
that he canm  ‘use”, and he approves of Carnap’s "degree of

confirmation”. He also offers to Pragmatism a recasting, -
Pihere 1s as ouch meganing in a proposition as can  be utilised
for action', {(Reichenbach [1%38], 89).

Feichenbach continues his analysis of "meaning” of a concept.
and wishes to contrast his position with a critical analysis of
positiviem. He creates an imaginary world for his reader to
illustrate more clearly the point he wishes to mahke, namely that
there is a surplus meaning in the statement
about the evistence of external things.
(Reichenbach [1738], 104)

In otbthaer words., & statemsnt aboult  an empirical object always
containsg  more mEarning harn does & finite collection of'
statements of subjsctive impressions.

Reichenbach gives us an image of & world -

in which the whole of mankind is imprisoned in a
huge cube, the walls of which are made of sheets
af white cloth, translucent as the screen of a
cinema but not permeable by direct light ravse.
Outside this cube there live birds, the shadows
of which are projected on the ceiling of the cube
by the sun rays;

{(Reichenbach [1938]7, 115,116)

The men inside the cube can’t direchtly sse the birds, anly their
shadows on the ceiling, and, because there is a system of
mirrors outside the cube, they can also see shadows on one of
the vertical walls. We are invited to enter this world and
nhzerve what the inhabitants make of it. The initial conclusion
will be that they are inhabiting & cube-shaped world: on whose
external walls black dots move. Reichenbach suggests  that at
some stage a "Copernicus” will emerge who will correlate the
shapes moving on the ceiling with the movements on the vertical
wall. Thus if & distinctive shape, - for example with a long
"heck”-, moves across the coeiling, then a similar distinctive
shape will move across the wall. Also, for example, if two
shapes on the ceiling appear to fight, there will be a
simul taneocus Tight bhetween similar shapes on the wall.
Copernicus will then suggest a novel theory that -



the strange correspondence .. cannolt be a matter
of chance .. but effects caused by ong individual
thing situatsd cutside the cube within free space.
He calls these things "birde’ and says that these
are animals flying outside the cube, .. ;having an
=wistence of their own, and that the black spots
are nothing but shadows.
{Reichenbach {19381, 118)

Reichanbach then sets out the oriticism of this theory that
would be made by the FPositivistes.

all that is said aboult yvour birds is inferred
from the black dots and 1s therefore eguivalent
to statemsents about the dots.

Thus although  the correspondence  ocbserved betwesn the dots on
the two swfaces i1s & discovery, no new content is  added by
postulating independent entities outside the cubical world which
is wnavallable to  the inhabitants. As it is  impossible to make
an  external wverificetion, rnoc new meaning is  added by the
hypothesis of external objects.

Reichenbach interprets this refutation by Fositivists as due to
thair holding to abscolute verifiability.

It is conclusive if we accept nothing but truth
and falsehood as predicates of propositions; but
it is no longer so i we introduce antermediate
values -~ if we introduce the predicate of weight.
{(Reichenbach [19381, 1Z0)

Reichenbach maintains, however, that & physicist would be
irnclined to accept "Copernicus’"  theory that it is  highly
improbable that correlations could occour  between the shadow
activity on the ceiling and that on the wall, unless they were
wach the conseguences of activity of some objects, - the
"hirde” ., In other words the physicist would be looking for the
common cause of these correlated effects. He therefore draws the
conclusion that -

This means that the physicist insists on the
surplus meaning of his interpretation not because
it has logical meaning but because it has physical
prabability meaning.

{(Reichenbach {19381, 121)

Felichenbach’ = contention is that if "weight! valuea
considerations  rather than  “truth” value considerations are
applied to the views of each of the Positivists and Copernicus,
hen the Copermnican view has  oreater weight tharn the view which
refuses to conceds the possible background causal connection.
Thus although  in terms of absoplute verifiability and



truth-value, tie hypothesis of  the birds 1s & wmeraningless
addition to the Fesitivist asnalvyeis, in terms of physical
probability and weight the hypothesis of  the birds gives
additional meaning to the facts.

Reichenbach concedss that the Fositivist is guite entitled to
madify his position to accept the correlated behaviour on wall
and ceiling withouwt adding to it the hypothesis of the birds. In
other words he would be accepting & causal connection between
the patterns on wall and ceiling. He would thus have the same
predictive potential  from his  theory as Copernicus  would have
from his. Reichenbach, however, insists that Copernicus’ wview
still registers a higher probability. - weight —, than does the
Fositivist s visw 1in thalt he provides & well-undersitood causal
mechanism for 1its realisation, ~ i.e. light projecting shadows
from objects -3 whereas the Fositivist will offer no such
tivpothesis which involves activity inm an inaccessible domain.

The probability conception of meaning, therefore,
allows uws to distinguish betwsen theories which
furnish, for all observable conseguences of a certain
domain, the same weight, even i1f nothing but facts
gf this domain ars at ocuwr disposal for the probability
inferences.

{Reichenbach [193871, 124)

Reichenbach’ s contention, therefore, is that a theory about the
world, or & concept used i its description, draws its
significance from the degree to which 1t is integrated with our
uwnderstanding of the overall causal structure of physical
reality. His position 1s akin to  that of Cassirer, who
interpreted the developmsnt of knowledge in terms of its
"orograssive unification”.

Reichernbach does not rest his case  against the inadeguacy of
Positivism, but wishes to pursus the chimera of "absolute
verification”. #He therefore supposes that +the rules of the
cublical world are broken and it becomss possible to penetrate
the ceiling and look  out. In sesing the birds, one might
BUDROSE 4 the hypothesis of Copernicus  would be upheld.
Reichenbach, however, offers us a theory that might explain the
birds as optical images produced by light coming from  the
shadows on the wall or ceiling, and from what vou see this could
not be  dismissed as  false, but anly "improbable”. Reichenbach
therefore clearly makes the point that there is no such thing as
a "direct observation'" of the facts, anly -

ar increase in weight for the theory of the birds
but not a verification.
(Reichenbach [193871, 125)

Reichenbach has demonstrated that the methods of Fhysics employ
atatemsnts whose meaning is based on definitions of weight or
higher physical probability. In particular -



Considering obssrvations of the physically
inaccessible domsin, we do not obtain facts which
verity statements concerning things situated theare
but only facts which confer higher welght to such
statements. RBut then there is only a difference of
degres with respect to statements based on facts
observed within the accessible domain.
(Reichenbach (193871, 127)

His conclusion is -

This awverreaching character of probability inferences
is the basic method of the knowledge of nature.
(Reichenbach 19387, 127)

Reichenbach makes scant reference  to Kant in EF, but his
refutation of the Positivist concept of  "meaning” is  based
entirely on  the Fantian premiss that knowledge must be given
form, and is not directly given in observations. He is not
taking issu2 with Conventionalism in this specific analysis, but
the dmplication is  that a system of knowledge is preferable
which provides higher “welight” to its theories, and in essence
provides a more integrated structure of causal explanation.

Feichenbach corntinues with his examination of the distinction
e tween "positivism'"  and "realism” by investigating the
respective  language structures  that each employ, with nis
conclusion that they employ distinct languages, — and he credits
Carnap with this observation, (Reichenbach [1738]1, 145). The
language that a Fositivist must adopt is not our normal language
and would limit us in its pracltical usefulness, whersas -

probability meaning ... leads to an unrestricted
language. This .. is & decisive argument for preferring
probability meaning. .. [this]l leads to the realistic
language of actual sciences

(Reichenbach [19381, 153)

He returns to  the concept of "meaning" itself. Eight vyears
hefore Wittogensteirn published his Phileoscophical Investigations
Feichenbach provides wus  with the concept of "meaning A%
function”.

Fropositions are tools with which we operate; all we
can demand is to be able to manipulatse these tools. ...
Meaning is a function of propositions; 1t is that
function which is expressed in bthelr usefulness as
anstruments for owr actions upon the world.
{Reichenbach {19387, 1§%%,160)

Thus when we discuss the "mganing” of a proposition, this is not
"eomething? that is a crystallised entity, -



"has meaning' s is always to be undsrstood in the
sense of the adjiectival term "is significant’.
{Reichenbach [19387, 138)

Reichenbach’ s  Tinal refutation of the positivist concept of
absolute verifiability is throwgh an examination of statements
of direct impressions. EBEven statemgnts of sensation contain more
than the sensation ditself in that they make reference to other
sensations, - they cateqorise. My present sensation of greenness
is only expressible in relation to 3 wider concept of greenness;
it is based on an appreciation of a potentially infinite class
af green experiences; 1t is bassed on presumptions of reliability
of memoryi and it is  based on hypoltheses of consistency of
Jjudgment. A Jhﬂfem 2t of impression may have great "weiaght"'", but
it ds not  absgolutely verifisble irn  the pure sense that
positiviem requlren.

Thers is no Archimedean point of absolute certainty
left to which to attach our knowledge of the world;
#ll we have is an elastic net of probability
connections floating in open space.

(Reichenbach [1938]1, 192)

From this point of his analysis, Reilchsnbach investigates how we
actually set about constructing  ouwr knowledge of the world,
differentiating beitween diffsrent classifications of facts as
having different "weights". The basis of owr physical knowledge
cames  from the "conoreta” that swround ws  in owr  everyday
gxistence. These are the objects present to wuse with immediate
effect. It is not that we have sensory impressions of them that
provides us with a secwe foundation in them, but that they are
reliable in an objective sense. It ie from observation of these
that we move on to other knowledge (inevitably of lower weight),
of other less accessible concreta, and of "abstracta" and
"illata”. As examples of other concreta, Reichenbach illustrates
with "foreign pegople” and "unsesn machines", — things for which
svidence is less direct for us  than, for example, this desk and
chair, but they are things of which we are fairvly sure given the
established trust we are enabled to build up in  our sources of
facts that are continually confirmed. As Reichenbach concedes,
there i no clear ismarcation between concreta and abstracta,
and our readiness to accept abstracta is  an extension of our
knowledge of concrete  things and is justified in its confirmed
and repeated usefulness. The "illata" are a further group with
no clear boundary separating  them from concreta, and we need
only return  to the lessons of the cubical worlid to appreciate
this. The Thards” . when inaccessible to us, were what
Reichenbach would defing as "illata", - i.e. probability
inferences -, bt  as he demonstrated, even when we are able to
"gsee'  them directly  through & bole in the ceiling, their
gxistence as concreta is =2till uestionable. Objects which we
infer - as for example atoms -~ are real objects, although their
"weight”  might not be as high as that of obiecte more
immediately available Lo direct sensory appreciation. Thus




Relchenbach sides with Boltzmann against Mach’'s denial of atomic
reality as "a& reducible complex of concreta”. We thus build up
pur "elastic net of probability connections" based on the most
familiar ohbiecte swrounding us. Reichenbach gives us  his
anthropological assessment -

fiur immediate world is the objective world of primitive
mar; ... This primitive knowledge furnishes the frame
of description into which we automatically press things
in sesing them.

(Reichenbach {19381, 222

We bhegin with knowledge of owr  immediate environment, and
through inferences from this open up the structure of the less
accessible waorld, tracing through the causal connections. This
is not possible on the basis of abscolute certainty, but is
achisveabls only it we emnploy the concept of inferring
probabilistically. Thus "truth" of an cobjiective state of affairs
is only equivalent to attaching a high "weight” to it.

Reichenbach s next task i to elucidate the concept of
probability that he has been using. In particular he wishes to
demonstrate that the colloguial use of "probable”, although
seemingly distinct {from the precisely defined mathematical use
of a limiting freguency, has the same implicit meaning. He takes

issue  with Keynes and Foppsr, for whom the concept of
probability is  an order of ranking of "more” or “less” -
easentially & topological consideration. He acknowledges,
howesver , hat it is  possible to differentiate between the
mathematical concept as a ‘“property of events, whereas the
logical corncept of probability states a property of

propositions”, {Reichenbach [1738], 3Z0Z). Reichenbach’'s dismissal
of  both  the topelogical concept of probability and of  the
concept of "rational degree of expectation” is that they can’t
be verified except by proceeding with the idea of a potentially
infinite series of ftrials, - and hence through the measuring
procedure  implied in  the mathematical "limiting freguency”
concept. What he must endeavouwr to illustrate is  that the
"gingle-case" cocourrence can be incorporated within this.

Reichenbact, fulfilling his requirement of meaning as function,
defines his task as -

the meaning of probability statements is to be

detsrmined in such & way that our behaviour in

wtilising them Tor action can be justified.
{Reichenhach [19328]3, 30%)

In order te  investigate the single-case instance of a
probability prediction, Reichenbach introduces the concept of a
"posit’, - a term that had been used in & similar context by the

neo-kKantian Natorp. Reichenbach likens a posit to a wager by a
gambler; it is an appraisal of the likely cutcome of a trial or
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of a process of verification. Making posits is an integral part

of an active life, it is the besis on  which we make choices
relevant to our NDIthlﬁg, When we make such an appraisal of the
outcome of & single evernt, it is ot done in dsclation from

other considerations but effectively calls on classes of similar
and related instances. A posit is a subiective appraisal of an
objsctive event, and, although this generally takes the form of
an  instinctive appraisal, uwunderlying it is the statistical
me thod that is appliad to determination of objective
probability. Thus a doctor’s appraisal of the terminal stats of
a patient is bhased on objsctive recorded evidence of the outcome
of people whose r"1,/:1'¢:J'{:c3r.1<:' have been eimilarly categorised,
together with assessment of the relevance of the specific
symptomns to the lliﬁ@%% categoary. Implied in  such reference to
stablished data and its use in projecting future states of
affairsg is the concept of the statistical limiting freguency.

Two concepts intertwine in  Reichesnbach’'s analysis of posits and
weighted Jjudoments. On  one hamtd  there iz the subjective
assessment of an objective state of affairs through an applied
weighting, which evernn in a single-case assessment can be
understood to be based on & statistical summary — instinctive or

wplicit — of previous experience or measurements. On the other
hand therse is the practical wse to which this weighting is putl,
in the sense of a wager, where consideration is alsc given to
value dJudgments of the conssgquences. Reichenbach gives the

gxanmple of an asesessment of 174 that & friend may arrive at the
railway station, and our reaction that it is worth going to meet
fim on these odds as a balance of inconvenience to us of three
in four wasted trips as gpposed to his inconvenience of one in
four wiwelcomed arrivals. IT the odds were 17100, however, we
would not contemplate making one  hundred trips to  the station
for only one welcoming arrival.

Feichanbach’ s analvsis of the human predicament in being unable
to be absolutely sure of the ocutcome of any future event is
clear. It is also clear that potential ouwtcomes are assessed on
the basis of experience avallable to the person predicting the
outcome, and that this experience is most useful if organised in
& statistical manner. Such statistice relating to objective
states of affairs, governed by underlying causal factars, will
provide a probability based on the limiting freguency in a
potertially infinite series of seasurements. The subjective
assesenent of the individual outcome therefore utilises the
conceplt of mathematical probability. For knowledge, where we
arg andifferent to the likely outcome, therefore, our posit is
an assessment of obijective probability., and its weight will bhe
increased or reduced on the oputcome of the single trial. As a
hasis for commitment, as a wager, the posit must be subjected to
cost—bernefit analysis. Reichenbach presents us as., actively
involved in  the world, continually making such posits and
Judgments, and seven the development of knowledge itself reguires
that we commil ourselves to test the weight we give an outcome
in order to dincrease  the statistical level of certainty.




Reichenbach draws ©the analogy of & man wishing to fish 1n the

sEa -

There is no one to tell him to fish in this place.
Shall he cast his net? Well, ... I should advise him
to cast the net, to take the chance at least. It is
preferable to try even in uwncertainty than not to try
antd be certain of getting nothing.

(Reichenbach [173831, 3&63)

In discussing the issue of induction throwgh the concept of
posits, Reichenbach ramines Hume's  criticism. He defines
induction to conform with his analysis of the probabilistic
infaerence

The aim of irgfuction is to Fing series of events
whase Freguency af ococurrence converges towsrd
Timzit.

(Reichenbach [1938]1, 350)

Reichenbach summarisss MHume's criticism of  inductive inference
irn that we have no logical grounds for accepting it, nor does
any a-posteriori demonstration add any evidence that is relevant
to its logical necessity. Reichenbach, like Hume, has shown that
we can have no sacure objective krowledge, but he would maintain
that we need to get on with owr lives, and to this end knowledge
is a utilisable basizs Tor action. Knowlesdge of objective events
is not a secure logical comstruct, but  is  needed "for  the
i pose af  action", (Reichenbach 19381, 46y, Hume had
maintained that induction couwld crly be justified if 1t could be
shown Lo be absolutely true, whereas Reichenbach is able to
accept it as & basis for our best "wagers'.

the principle of induction ... signifies nothing
but the mathematical interpretation of what we
mean by predictability.

{(Reichenbach [19381, Z&0)

Whilst looking at Hume's position, Reichenbach dismisses Kant's
arsweEr -

It was the intentiomn of Kant's syntheltic a priori
tn secuwre this working procedure against Hume's
doubtes: we know today that Kant's attempt at rescue
Tailed.

{(Reichenbach [1938]1, 346)

an objection against owr theory of induction: that
there appears something like "a necessary condition
of krnowledge” - a concept which is accompanied since
Fant’ s theory of krnowledge by rather an unpleasant
flavour.

(Reichenbach [19381, 360)

s
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Wesley Salmon summarisss  the significance of Reichenbach’=
accommodation of the inductive process,

One of the key steps in Reilchenbach’s solution to the
problem of induction was his recognition that what is
mesded is the justification of & rule, not the proof
of & fTactual proposition such as the wniformity of
nature. He realised, in addition, thait it is impossible
to juetity the rule in guestion by proving that it will
always, or sven sometimss, yvield true conclusions, given
true premisses. He argued, nevertheless, that his rule
af ingduction shouwld be adopted because one has everything
to gain and nothing to lose by employing it. ... 1t seebks
not to justify belief in & proposition but rather to
justifty a practice.

{(Salmon [1991]. 100)

Reichenbach, in  EF, has demonstrated +that there can be no
logical necessity about obiective krowledge, nor can there be
any cerbtain facts. He has, however, demonstrated that knowledge
is necessary for us  to cope with the world and  that the
inductive procedurs through probabilistic inference is the best,
arnd perhaps necessary, tool to acquire this. In wusing
probabilistic inference, & regularity of empirical hehaviour is
presumed becauwse there are no limiting freguencies for random

outcomss. Contiguous caunsal connection  1s a necessary
reguirement of regulated behaviours - which is Kant's

conclusion. Reichenbach's disregard for Kant in 1938, compared
with his careful appreciation in 1920, presumably stems from his
rejection of the ‘'synthetic a-pricri”. For Reichenbach no
ghisctive knowledge has absolute certainty, and yet if we strip
away Kant’'s specific adherence to the certainty of belief in his
time in the wunigue applicability of Euclid's axioms and
Mewtonian mechanics, we have an analysis of Lthe necessary
conditions For knowledge which also removes cbjective certainty
from specific facts. Kant demonstrated the necessity of the
causal presupposition, and Reichenbach’'s analysis effectively
alsn presumes this as a general principle, even though he does
claim that isolated instances of wncaused behaviour can  be
accommodated.

Given the position of both  kant and Reichenbach, that empirical
knowledge is formed, then a specific fact can have no logical
certaintys hence Reilchenbach’'s appeal to probabilistic reasoning
and the cancept of weighting has great attraction. 0Our
difficulty in accepting this is not that we are thereby obliged
to deoubt everything we know about  the world, bult that it is
doubtful whether Beichenbach’ s interpretation of a measurement
of weight of truth of a fact is really practicable. Although he
dismisses Fopper’'s “"Fropensity” explanation of probability and
Fopper's concept of ranking the likelihood of outcomes, on the
grounde that these are only valldated under a strict limiting
frequency,. the msthods of sclence and the inductive process do
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proceed on  the basis  of being wmore or less probable. Science
does not establish relative weiohtings of theories and conclude
that Theory & has a weighting factor of 8.2 as opposed to a
weighting factor of 7.3 in Theory B, and therefore Theory A is
to be preferred. Boiencs, as Fopper would analyse, rejects
Theory B because, having takern account of &ll conceived
extraneous influsnces, it fails in a trial of its predictive
ability, whereas Thﬁmry # continuesz to correspond  to observed
facts. Relchenbach gprovides us with schemas through  which
weighting measures can be allocated, of concatenations, and of
probability lattices, but, although these may provide procedures
for an objective measure of weiaghting, they are not actually
employved in physics.

As  an empiricist. Reichenbach is determined that we shall
watablish objective “truths" about the physical world. His
analysis in  EF, and his Kantian inheritance, demonstrates that
auch  truth can have no logical foundation, and, instead of
therefore lockirng for principles of "best fit" of knowledge to
the world, he reguires to give objective validity through the
concept of objective probability. Cassirer, on  the other hand,
had besn content to define objective truth in  terms of its
consistency and its contribution to uwnification of knowledge.
Cassirer acknowledged that empirical  truth was of different
status from logical truth, and in a sense was a system of posits
af  only probable validity, but it is questionable whether
Cazsirer would have attempted the task of ascribing a measure to
this probability. In Cassiver’s terms 1t is not possible  to
allocate a measure of certainty of knowledoe.

Reichenbach, has compounded trogethsr two uncertainties about the
physical world, both or which he identifies in EF  but does not
segregats them  in his analysis. On  one hand we have, from the
vivid example of the cubical world, the uncertainty of the
empirical reality of the birds, and our dilemma of never being
able to establish  this beyond all doubts; and on the other hand
we have the uncertainty attending any measurement, — of accuwracy
and of elimination of extraneous infTluences. The measurement
situation is analyseable through the methods of statistical
analysis. from which we can say, as Reichenbach does, that "The
probability  that the velo Llfy of light lies between 299792
Em/sec  and 99800 kmfsec dis  2/37: but we can’t allocate a
meaningful probability measuwre to the concept of light itself as
a physical entity, just as we can’'t give & weighting to the
eristence of atoms. Concatenation of probability measures of
physical constants provides the physicist with real information,
bt nothing can be achieved with respective weightings on the
applicability of physical concepts. Reichenbach correctly
illuminates us about the way imprecise measuwrement can  be
incorporated  into knowledge, but he misleads us  in xtending
this method to cover the generality of scientific concepts and
hypotheses. We can  employ the concept of relative werighting to
concepts and hypotheses, as the example of the birds illustrates
clearly. by comparing them in the terms of the physicist against
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the causal connections that we understand in the physical world.
This weighting, howsever, has no measuwwrsg 1t is  a topological
comparison  only. Thus, although we can confer objective
probability on measurement, and on predictions of measurement,
their wvery objective naturs i1s still subiect to Cassirer’s
structuwre of causal umity.

In his analysis of probability implications in EF, Reichenbach
compares probability logic with the operation of the logic of
absolute truth and falsehood. Whereas the logic of absolute
truth 1is & binary systeo, of "TY @r "F" , praobability
combinations aive an infinitely divisible scale of outcome from
O to 1. We can choose to woark with probability logic as
two-valued by arbitrarily deciding a number above which a
probability measure is Lo be regarded as trus, and for measures
of equal or below to be regarded as false. Alternatively, we can
introduce a bhres-valusd - logic where measures close tu one are
accepted as  twrue, those close to zero acoepted as  false, and
ather intermediate measures to be regarded as indeterminate. He
dogse not make positive use of these ideas in the development of
the thesis of EF, but he returns Lo three-valued legic  in
Fhilosophic Foundations of Ouantum Mechanics.

In EF Reichenbach has demonstrated that knowledge is possible
only on the application of probabilistic considerations to our
empirical experience. It 1s interesting to contrast his analysis
with that of Kant. Both accept that knowledge has to be formed
Trom edperience; it does not present itself ready—made. kKant
affirmed that this "Torming” of knowledge necessarily conformed
to basic  logical principles which were immutable, whereas
Felchenbach rejects this and substitutes a pragmatic requirement
for knowledge in that it must be useasble or relevant to the task
in hand. Reichenbach distinguishes his position from that of the
conventionalist by emphasising how Enowledge "grows” out of the
obiects of ow immediate environment. By emphasising the
application of  the probabilistic nature of EkEnowledge, however,
e 1w only able to procesd against the presumpltion of a causally
cormmnected world. Thus  although he clearly presents  the human
predicansnt of never being able to verify absolutely bthe causal
structure of the world or even of the objective Histence of
familiar concepts, the basic presupposition of knowledge itself
is causeal order. Thus, Kant's analysis gives us causality as a

logical pre-supposition of browledge, - and Reichenbach’'s
analysis effectively supports thisy Reichenbach’s analysis

denonstrates that in using the causal presupposition, we employ
probabilistic consilderations.,
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HUANTUM MECHANICS

The Philosophic Foundations of fuantum Mechanics was published
in 1244. In his FPreface, Reichenbach contrasts the Theory of

fluanta with the Theory of Relativity, the two physical
constructions which "have shaped the face of modern

physics”  (Reichenbach [19441, v). He observes that whereas the
Theory of Relativity was largely the result of the inspiration
of one man, Einstein, fGuantum Theory has been developed through
the work, and collaboration, of several individuals. Although
Feichenbach briefly describes the development of Quantum Theory
in  fouwr main stages, it  is perhaps irnstructive to  trace the
chronological development of the theory.

At the end of the Ninteenth Century, physical explanations were
easentially conceived in the concepts of mechanics introduced by
Newtonrn, although the experimental work of Faraday on electrical
phenomena had been incorporated into the electromagnetic field
theories of Maxwell and Lorent: which appeared to offer the
prospect of a generalised description of natural phenomena. The
e@lectromagnetic theories indicated that the physical properties
of space could bhe characterised by Field eguations which defined
an  electromagnetic field potential at each point, and which
affected the behaviowr of transmitted waves of electromagnetic
energy. Madwell’' s eguations of electromagrnetic wave propagation

weare filrst presented in 18462 before the possibility of
physically demonstrating the existence of such waves, but these
waire substantiated in 1887 in a saries of physical

demonstrations by Hertz. Thus, radiation of energy in all forms
was identified as a propagation of waves, and the Newtonian
concept of light as corpuscular was generally disregarded.

It was consideration of an  apparently emall anomaly in physical
theory, however, which led toc a challenge to the concept of a
continuous energy waveform and led to the development of guantum
mechanics. The anomaly related to the exchange of energy in a
container with properties of perfect energy absorption and

emission, — & black body. In classical theory., based on
continuous absorption and emission of energy of all freguencies,
predictions indicated an infinite enerqy level with a

preponderance of energy in  higher frequencies of radiation. Max
Flanct was able to resclve this  in 1900 when he proposed that
energy edchange was & discontinuous process and occurred in
discrete packets whose energy content was a wmultiple of the
frequency times a constant, — Flanck’'s constant. This hypothesis
was given additiomal weight in explaining the specific heats of
substances at low temperatures. Albert Einstein, in 1905,
gxtended this corpuscular nature of energy to explain  the
photoslectric effect in which light of sufficiently high
fregquency displaces electrons  in metals to generate electric
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currents. He revived the Newtonian concept of corpuscles of
light, —~ photons. Energy was thereby characterised as being both
wavelike and continuous, as well as corpuscular and discrete.

#  significant development occwrred 1in 1911, when Ernest
Futherford demonstrated that when he bombarded a metal foil with
aipha particles, most passed straight through: and only a small
proportion were deflected, leading to his hypothesis of a small
positively oharged atomic nucleus surrounded by a swarm  of
planetary electrons. This provided the basis for Niels Bohr's
theory of the hydrogen atom which he formulated in 1913, He
accommodated Flanck ' s concept of discreate packets of energy into
his atomic model by postulating discrete potential orbits fTor
the planetary electron, only those orbits being allowed whose
angular momentum is a multiple of Planck’'s constant. The
conseguence of this theory, that absorbed energy by the hydrogen
atom corresponded to  the difference in energy levels between
pernissible elsctron orbits, was confirmed in  the spectral
freguencies of hydrogen. Extension of this mechanical model to
more complex atoms proved to be more difficult.

Significant Turther development of the atomic model and gquantum
mechanics was arrested until 1923, when louis de HBroglie began
publication of a series of papers in which he ascribed wave-like
properties to particles. He substituted wave packets for
particles, with momentum of Flanck’'s constant divided by the
associated wavelength. This work was then utilised by Erwin
Schrddinger who, in 1926, produced his celebrated wave eqguation
to  represent the behaviour of fundamental particles. At this
stage the visualisable mechanical model of the atom, that had
been generated by Rutherford and Bobr, began to disappear, as it
became clear that in representing electrons as waves they were
not physically localised but spread ouwt through their atomic
oriites. Schirddinger proceaded to demonstrate that tis
formulation accommodated the independent work done by Werner
Heisenherg in 192% who had formulated the atomic model in matrix
form in terms of fransition probabilities between potential
electron states. The basis of the mathematical formulation of
aquantum mechanics was completed with Schrddinger ‘s equations,
what Tollowed becomess chiefly & matter of interpretation and
application. What is surprising is that a theory which evolved
largely throuoh inspired hypotheses should have been so
resilient and successtul in its application to gquantum physics.

It ie apposite to describe  the features of this formulation
which differentiate it from formulations of classical mechanics.
The Ffundamental departure is that this model has dual
interpretations of fundamental particles, which can be
represented either as discrete particles or as wave packets.
There 1is als the concept that change in nature occurs  in
discrete guanta rather than as & continuous Process.
fadditionally the representalbion of a particie via the
Sohrodinger formulation is & wavefunction which represents the
state of the particle against a continuous time dimension. This
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does  not, howaver, give a dirsct magnitude of measurable
properties of the particle, such as its energy, momentum, or
pasition. These measurable properties can only be calculated by
applying appropriate mathematical operators to the wavefunction,

which then provide numerical measures af the relevant
gquantities, — these measures being referred to mathematically as

eigenvaluss. The dilemma, however, is that the sigenvalues
associated with, say, the momentum operator, are nolt paired with
the eigenvalues for the position aoperatori; - in  other words it
is rnot possible to obtain simultaneous measures of position and
momentum  of a particle. This 1is a direct consequence of the
mathematical fTormalism, and &lso relates to the practical
situation where measuwrement of one characteristic disrupts the
behaviouwr of the particle and precludes & measuwrement of other
characteristics.

The wse of & wave function to represent a particle and the
consequent lack of precision  in determining measurable values
led developers of the theory like Max  Born and FPauwl Dirac to
regard the wavefunction, not specifically as a physical
manifestation, but as & probability function. Thus the fumction
is used to determine the probability that a particle is within a
specific space—time range, or that its momentum should be within
specified limits. This form of representation, though, does
provide a problem of physical interpretation.

The most oclear exposition of the peculiarities of the new
guaritum  formulations came from the Copenhagen 8School, and
particularly from Werner Heisenbesrg and Niels Bohr. In 192

Heisenberg introduced his Uncertainty Frinciple, which he
derived by considering the measuring process itself, and which
declared that it is impossible to specify exactly the measures
of complementary properties of a body, - for example position
and  momentum. In Hfact the product of the inaccuracy of
measurement of position and momentum is inevitably greater than
Flanck's Constant divided by ‘twice pi. Thie applies to all
bodies subject to measurement bul only has significance in the
world of fundamental particles for which Flanck’'s Constant is a
relevantly  large quantity. In 19#8 Eohr introduced his
Complenentarity Frinciple which stated that the wave and
particle representations of guantum occwrrences complement each
ather, that in some situations it is preferable to use one form
as  a description and in  obher situations the other would be
preferable, but in rno instsnce would it be possible to falsify
gither as an adegquate representation. In other words 1t is
impossibkle to make & telling physical intervention in  the
subi-atomic state that wona ld discriminate bestwesan these
representations; the degree of uncertainty in the measurement is
too great for such discrimination. These two principles led to

the Copenhagen Interpretation of guantum mechanics, which
specified that it is meaningless  to ascribe physical reality to
the mathematical fTormalism of the state of a particle;
description is only relevant when appliad to an actual

measuwrenegnt in which only the property beirng measured bas
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relevance. This interpretation is  essentially an application of
logical positivism to the situation.

Although this interpretation was largely accepted by practical
physicists, Einstein regarded the theory as incosmplete in that
predictions of ©the outcone of & situation could only be
grpressed in probabilistic terms  even though initial conditions
could be completely specified. He was unhappy that causal
egxplanaticons  of guantum processes couwld not be effected, and
that non—~local events appeared to affect each cther without the
possikbility of causal interaction. He debated the issues with
Rohr through the medium of "thought experiments”, but was unable
g give a convincing counterdiction af  the Copenhagen
Interpretation.

Feichenbach was actively attentive to the development of quantum
theory in  the 1920°s, and in fact in April 1927 produced an
up~to-date summary which was published in Die Umschauw 31 no. 15,
as "Ein neuss Atommodell” (Reichenbach (19783.v.1, 219-223).

For discursive treatmernts of quantum mechanice ses Folkinghorne
(19847, Squires {19861, or Gibbkins [17987], or for a more
thorough study ses Schiff {19681,

Flhidlosophic Foundations of fuantum Mechanics

Feichenbach presents his exposition in three distinct sectionsg

- the first cCconcerns a gansra plucidation of the concepts
involved in Quantum  Theory, the second gives an ocutline of the

mathematics of the theory, and  the third section explores the
implications of the theory for the epistemology of phvsical
krnowledgs. This analysis will pay little attention to the
mathematical sgretion except o indicate how particular
conclusions result from the mathematical modelling.

Reichenbach summarises the challenge posed by Quantum Mechanics
tn Philosaphy as  firstly a replacement of causal laws by
probability laws, and secondly in  terms of treatment of
unobserved objiects.

He begins by lookimg at the probabilistic naturs of physical
krowledoe as explored previously in EF, but initially refers to
Boltzmann s work on the thermodynamices of gases as the point of

departure from our  securs  acceptance  of astrict physical
determninism T EX! understanding that probabilistic

interpretation of micro phenomena  is  compatible with  causal
regularity at the macro level of everyday cbjiects. He makes the
point that if elementary particles are subject, not to laws of
strict causal determinism, but to laws of & probability



character, then, becauss of the very large numbers of such
particlies, their aggregate behaviowr will conform toe  an
apparantly regulated pattern. He also identifies that regular
behaviowr at the macro level does not of necessity imply regular
detarministic behavior at the micro lsvel. Reichenbach does not
enlarge on Boltzmann's work, who did not reject mechanical
determinism at the micro level, but in fact presumed it in order
to present & statistical model that he could work with. Even
though the Second lLaw of Thermodynamics was  derived from
Boltzmann s statistical analvsis, the analysis was founded on
aktoms  subisct  to  Newtonian iechanics  but considered &s  a
statistical aggregate. Reichenbach, therefore, doegs not make
clear what he impliss by probabillistic behaviouwr as opposed to
pausal behaviowr at the micro level when he refers to Bolizmann.
He evidently is not referring to the fact that a convenient way
of treating large agoregates which behave according to apparent
deterministic mechanical principles is offerred by treating them
orobabilistically, but  that if causal determinism in a strict
sense dees not apply to individual particles, determinism at the
aggregate level may still appear. He does not clarify that this
situation only applies if the behaviour of the particles is not
random and therefore constrained by some objective laws.

He proceeds to examins causal relationsghips as they are
understood in  the physical world accessible +to direct

ohservation and measurement. His basis of analysis in many
respects is similar  to that of Cassirer who would consider the
accumilating systam  of knowledge of approximating more closely
to arn ddeal, but  in FFEOM Reichenbach makes no reference to
pither Cassirer or Fant. He thus regaerds  the causal laws of
Fhysics as bheing understood to hold betwsen idealised physical
states, whereas statements about the physical world must  be
verifiable in observational terms of states of affairs that can
only approximate to the ideal situations expressed in the laws.

Just as  in his  previous analyzes o©f the application of
probBabil ity consideraticons to @mpirical bahaviouwi, he
illustrates that practical measurement and observation is

understocd to be only an  approximation to an ideal situation as
expressed by the laws of physics. He therefore summarises his

position as -

The statement that rnature is governed by strict causal
laws means that we can predict the future with a
determinate probability and that we can push this
probability as cleose to certainty as we want by using
a sufficiently elaborate analysis of the phenomena
under consideration.

{Reichenbach [19441, 2.3

On this basis he claims that 1if causality is wmerely a limit of
probability implications. then it loses its a-priori character

and becomes an empirical hypothesis.

Freichenbach procesds  to examine the conseqguences for  the



prifnciple of causal connection implied by Heisenberg’'s Frinciple
of Indeterminacy. He clarifies that the classical causal laws of
physics are temporally directed, and that even sinultaneous
coourrences ars regarded  as consequences of temporally prior
causss. The Principle of Indetsrnilnacy, however, relates to
simul taneous measurement of independent parameters, and - in
Reichenbach’ s tersinelogy — 1t 18 quite separate  from causal
laws and is a crogs-—section law. The Frinciple of Indeterminacy
states that the more precissely we measure, say, the position of
a  Tundamental particle. the less precise we can be in our
briowledge of its  momentum, and vice versa. Thus, if we have
incomplets knowledge of  the particle, we are unable to make
testable predictions of its  Futuwre behaviowr; and hence &
statement of casusal connection between states of the particle at
different Ltimsse I8 unverifiable, and therefore physically
meaningless. It is with this argument that Reichenbach 18 at
variance with his analvsis of "meaning’” in EF. where he argued
that physical meaning should be related to "weighting" rather
than to absolute criteria of wverification. His analogy with the
hypothesis of the birds ocutside the cubical world, was used to
demonstrate that the concept of causal connection leads us to
prefer  the concept of real birds to & mysterious connection
hetwesen shapes onn ceiling  and wall. Even though 1t was
impossible to verify the reality of the birds, or to distinguish
between the predictive values of the rival theories, we were
happy to employ  the concept of causal connection to strengthen
belief in one theory. This is at odds with his conclusion on

According to the verifiability theory of meaning,
which has bzen generally accepted for the interpretation
of physics, the statement that there are causal
laws btherefore must be considered as physically
meaningless.

{Reichenbach [15443, 4)

Reidchsnbach  then makes & potential concession to the causal
principle, that although it is necessarily inpossible to measure
the values necessary to describe the events in guestion, -

we can attempt to assign definite valuss to the
unmeasured .. entitiss in such a way that the
chserved resulits appear as the causal consequences
of the valuss introduced by cw assumption.
{Reichenbach (19443, 4)

He classifiess this use of causal connection as a convention or

gdefinitian. 1t is not olear,. however, how  this use of causal
caonnectedness differs in any way from the causal connections we
make in  obther situations where we are unable to establish

criteria for wverification. Foar aramplea  the statistical
measuranents of  Mendel led to & theory of irnherited

characteristics, based on an wunderlying causal principle, but
without the possibility of verification in & direct sense and
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certainly not on an individual outcoms, but predictable only on
a probabilistic basis. Reichenbach’'s intention, however, in
conceding this possibility of a causal convention that can be
assigned to an underlying determining function of behaviour of
fundamental particles is to demonstrate that it is inappropriate
in fuantum Theory.

Im explaining the Frinciple of Indeterminacy. FReichenbach
illuminatingly uses an sxample derived Trom his experience as a
radio engineer, where he illustrates how it is impossible to
adjust a receiver for both high fidelity and high selectivity.
He is a practical man with & physical instinct Afor empirical
behaviour.

Reichenbach proceeseds to consider the relationship between the
obssrver and quantum object, and the disturbance caused in the
act of observation. He asserts that this is not a subject “Tor
metaphysical speculation about the effects of human beings as
obeservers, but is entirely a physical effect between physical

cthings. He moves through his analysis with the firm
determination of the practical man who knows his subject, and
wiio  dogsn’t wish Lo he side—tracked by speculation from
academics who lack physical "fepl". He places before us

Heisenherg ' s statement that

the uncertainty of predictions is & Cconsgquence
of the disturbance by the means of abservation.
{Reichenbach [19447, 16&)

Reichenbach points out that this is not sufficiently precise in
glucidating  the indeterminacy involved, In many physical
measwrenants  the act of measuring disturbs what 1is  being
measured, for example in measuring the temperature of a glass of
water the introduction of the thermometer has an effect on the
temperature; but in such  instances we can use established
physical  theory to  take account of the effect of the
disturbance. With Guantum Theory, however, this is not possible.
The physical theory that is used to  take account of  the
disturbing influences of the measuwrement process, itselfdf
containsg the principle of indeterminacy. it is therefore
necessary to recast Heisenberg's statement in the form

We have no exact knowledge of physical states
hecauss the observation disturbs in an unpredictable

WAV .
(Reichenbach [19443, 17)

It is necessary now for Reichenbach to discuss the way in which
we describe objects, and, as in  EF. he demonstrates that we can
employ different conventions for this, although wherever
possible we maintalin descriptive simplicaty that avoids
extraneous hypotheses of empirical behaviour. He summariszes the
two principles  that classical physics employs in dealing with
uwriobserved entities -

“rer
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I} The jaws ?f nature are the same whether ar nat
the ohijects are observed.

2} The state af the objects is the same whether or
rrt the obijects are ohserved.
{Reichenbach [19443, 193

Thus we maintain that an objsct like a tree persists  and
maintains its physical characteristics when we turn  away from
looking at it. The tree is an obliect thdt is directly accessible
to us and our experience of it is immediate. Observation of the
guaritum  world however , 1s not s readily accessible  to
observation. Experience of quarntum objects is provided through
the interaediation of scientific measuring systems. We don’ i see
gquantum obiects in the sane sense thalt we see a tree, but we may
register traces of their effects on ouwr instruments. There are
prourrences which  are registered relatively directly "by short
causal chains” (Reichenbach [1944], Z1), such as on a Geiger
Cownter or in & Wilson Cloud Chamber, which Reichenbach
describes as phenomena, but the oococwrrences which happen between
such phenomena  are uncohservable by ws, and can be regarded as
interphenomena. Thus the phenomensa are verifiable occurrences,
whereas interphenomena are the subiect of Guantum Mechanics
which includes the principle of indeterminacy, and they are
therefore uwnverifiable.

e
B

Frior +to the start of the Twentieth Cerntury, matter was
generally regarded as consisting ultimately of fundamental
particles, whereas electromagnetic radiation consisted of waves.
The development of Guantum Theory disturbed this conception as
light was shown to have a corpuscular identity and material
particles were shown to behave like waves. Thus explanation of

SOME S pEr Lments WaE given satisfactorily by a wave
interpretation, whsreas othars were only satisfactorily

explained by particles. The most consistent explanation  was
provided by Born who  interpreted the waves &s probability
packets to explain the statistical behaviour of particles, but
this could not be applied in all instances. Bobr's principle of
camplementarity resolved the apparent contradictions by
demonstrating that both concepts were equally valid in that
contradictions only ocour  within  the range of  indeterminacy
specified by Heisenberg s principle. Thus both interpretations
can be userd to explain all ocourrences, since it is impossible
to construct an experiment that discriminates between them.

Reichenbach construss  this explanation as offerring us  two
conplete classes of description of interphenaomena. Thus although
we  have opre normal system  of rplanations for ordinary
macroascopic occuwrrences, which also  includes the observed
phernomerna  ofF the guantum world, for interphenomena  two
eguivalent systers of description are quite compatible. It is
NECERRARTY, however, to demcnstrate that beth explanations
satisty the principle that the laws of nature are not changed by
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ohservation. The principle of classical physics, that objects
are unchanged by the process of observation, is not, however,
applicable to intevrphsnomena.

Witk this introduction it is appropriate to consider a classic
paradosr  of guanta, and Reichsnbach investigates in detail. A
low—-intensity source of electrons  or photons {light}) is
projected towards a scresn, and between the source and screen is
interposed an opague  barrigr. A narrow slit "AY is made in the
barrier se  that some electrons will pass  through illuminating
thes screen with tiny flashes. Thus  the phenomena, in
Reichenbach’ s terminology, are the flashes on the screen and the
pattern of distribution they make there, whilst explanations of
what is occurring between source and scresn must be in terms of
the unobserved interphenomena. Using the corpuscular description
of electrons we can describe what is occocurring in terms  of
glectrons  being projected towards the barrier, some passing
through the slit, and being deflected as they do  to impinge on
the screen  in a probability distribution. This is a perfectly
congistent exwplanation and satisfies the rules of the normal
systemn of explanation  of classical physics. If the wave
description of electrons  is applied to the eystem, then the
sperical wave—fronts emitted from the source are interrupted at
the barrier with only a small progression allowed at the slit.
This continued progression  subseguently spreads out as &
wave-tront from  the slit and generates an interference pattern
of intensity on the screen. This explanation is only at odds
with the facts of {the case in that i1t fails to account for the
flashes on  the screen. There is therefore a causal  anomaly in
the wave explanation of what is ccocurvring.

It iz now necessary to add  to the configuration with a second
slit YEY in the barrier parallel to slit "A". There now obtains
a pattern of flashes on the screen which is different from that
obtaining in  the one-slit case, and it is different from the
pattern that would be generated if the one-slit pattern from A
were supplemsnted by the same  petiern that would originate from
EY, The pattern  from two slits in fact is  consistent with the
interference fringes of wave fronts being diffracted through two
mlits. Thus for this configuration +the wave explanation. of
slectrons again provides an  explanation, apart from the anomaly
o  the flashes of light on the screen. I the corpuscular
explanation LS attenpted, however, we  have groblems of

.

gxplaining the interference fringes, — of alternating dark and
light bands on the screen. By the corpuscular explanation we
would expect  the two-slit pattern to be the direct sum of the
patterns from one-slit when first "AY  and then "B" is open with
the other slit closed: but it isn’t. The behaviour of an
plectron leaving the source and passing through & slit appears
to be affected by the second sl1it  being open. No causal
mechanism can be detected that accounts for such an influence,
and so although the corpuscular  theory accounts for the flashes
on the scresn it doesn’t provide a coherent causal explanation
of the process through which they ocour. Reichenbach considers a
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third possibility of explanation using De FBHroglie's concept of
pilot waves. In this esxplanation a wave field is emitted by the
gsourcs and undergoes diffraction at  the two slits to form a
probabiliity  interference distribution on the sCcreen. The
intensity of the wave field determines the probability of
firmding & corpuscle at that point, and effectively serves to
"milot” the particles from souwrce Lbo screen. This theory appears
to offer the attractive compromise of explaining both  the
dependence of the interference pattern on the screen on  the
configuration of slits, togesther with the phenomena of the
discrete flashes on the screen. Relchenbach dismisses this as an
inadequate "causal’ explanation through its use of a determining
wave field devoid of @nergy to do the job.

it this stage of his analysis FReichenbach has not demonstrated
that soms sxplanation, not previcusly considered, may describe
the situation without causal aromaliesy but  later he
demonstrates from the mathematics how the system of quantum
mecharics incorporating Bohr's principle of complementarity must
inevitably include causal anomaly under a normal description.
Reichenbach therefore proclaims the principle of snamaly -

The class of descriptions of interpheanomena
contains no normal system.
{Reichenbach [19441, 332

He embarks on a means of incorporating such descriptions into an
acceptable system of physical explanation. He asserts that
although a normal system of explanation of behaviour is not
possible in all situstions  involving  interphenomena, every
phenomenal  ocourrence is  euxplicable by one system. In other
words in the two-slit ruperiment the interference  fringes are
gpuplained on the wave description, whereas the flashes of light
are suplicable on the corpuscular description. He further makes
the point that each system of description, that is wave or
corpuscle, in itseld is cawsally coherent. As  an analogy be
considers a geomsbtrical system of orthogona coordinates drawn
as the lines of longitude and latituwde on a sphere. These are
functional  for navigators at all  points except at the Foles
where longitude is indeterminate. At these points of singularity
at the Foles, there is no physical difference, only a problem
with the coordinates, and a navigator can continue by imposing a
localised alternative set at these places. Thus we can  have a
furictional set of coordinates to cover every extended area on
the sphere, but no one system that covers all areas. Thus for
Guartum  Mechanics we can  have & system of interphenomenal
concepts which provide esxplanation over a range of situations,
but which become snomalous when applied to every situation.
Reichenbach accradits this fact to the principle of
indeterminacy.

We are thus encouraged by Reichsnbach o accept that, just &as a
navigator may use a different coordinate system when his normal
system is inappropriate. & physicist may choose to employ either




the wave interpretation or the corpuscle interpretation  to
provide an explanatory answer to a specific guestion concerning
interphenomena. The justification for this is solely on the
grounds of eliminating causal anomaly, as Reichenbach admits.
Thus, hg concludes that

in the world of atomic dimensions the postulate of
unchanged laws of nature cannot be carried through
for the totality of interphenomsna, and therefore
does not determine one interpretation as the normal
interpretation of all interphenomena, although it
determinegs ong normal interpretation for every
interphenomenon.

(Reichenbach [19447, 39)

Faichenbach azserts that this is not a breskdown of our system
of concepts, but  happens to be an objective property of the
world in the microcosm. He conceives that 1f such behaviowr were
manitest at the macro level we would adjust owr interpretations
of behaviour to take account of it.

He  +then considers  the restrictive interpretation favoured by
Bobhr  and HMeisenberg. They claimed  that only statements about

meEasurecd esntitiss, ~  phencmena —a  Were admissible, and
statements involving intsrphenomena were meaningless. They
thevreby adopted a strictly positivist view of physical
paplanation. This retuwrns wus Lo the argumsnits against

positiviem that Reichenbach employed in EF, and although he
ackrnowledges the advantage of the Bohr-Heisenberg approach in
geliminating causal anomaly, he criticises it in that we lose the
potential of manipulating concepts that connect statements about
nheserved entitiss with unecbserved sntities. Thus, in EF, the
gxplanation of the moving shapss on the walls of the cubical
world  as  the effects of uncobserved birds, was regarded by
Reichenbach as preferable to a positivist interpretation besrause
it Furnishes us with a useable hypothesis that connects with our
concepts of a causally integrated world.

The restrictive interpretations do not ssy the

causal amnomaliss, but they do not remove them.

The causal anomalies cannot be removed because

they arse inherent in the nature of the physical

world. ... It is positive knowledge, desp insight

imto the nature of the atomic world, which constitutes

the basis of this strange network of rules, formulated

as rules limiting descriptions, bul expressing

implicitly rules holding for &ll physical ccourrences.
{(Reichenbach (19443, 44)

Michasl Redhsad iz more forthright  in his  denunciation of &
restrictive interpretation of guantum events

Betting dogmatic limitations on scientific theorizing,
on the basis of obscure philosophical preconceptions,



is a dangerous prejudice from the standpoint of a
conjectural~fallibist approach to the nature of
scientific activity.

(Redhead [1987]1, 51)

That Reichenbach should be more constructive in his criticism of
the positivist view held by Bohr, probably reflects his
closensss to that philosophical school and a degree of respect
for a view that demanded an empirical demonstration of theory.

With this statement Reichenbach concludes the first part of his
analysis before proceeding to a mathematical wposition of
guantum mechanics. [t is remarkable that he has not referred any
of his epistemological investigation to contrast with Kantian
concepts, nor, as opposed to EP, has he maintained a position
explicitly against logical positivism or conventionalism. It ig
as  i1f these were ghosts of his past which he has finally
excorcised, and he i free to pursue a straightforward
investigation of the philosophical dimplications of his subject.
His position at this juncture, however, appears to be somewhat
at odds with what we would expect from this vigorous empirical
realisty his advocacy of the eguivalence of wave and corpuscle
descriptions of fundamental particles would appear to be more
consistent with the position of & transcendental idealist,
despite his protestation that this is a "deep insight into the

nature of the atomic world.”

s he ewplains in his Freface, Reichenbach’'s objective in
presenting, in the second section of this book, an outliine of
the mathematices of guantum mechanics, is

to open a short cut toward the mathsmatical foundations

of guantum machanics for all those who do not have

the time for thorough studies of the subject.
{Reichenbach [19443, wvii)

He subsequently usBses SOome of the mathematical concepts
introduced here in  his analysis in the third section of the
book, but this detail is not relevant to an wunderstanding of his
epistemological  argument. This is Reichenbach the teacher at
work, improving our grasp of a diffuse subject.

Feichenbach begins his mathematical lecture with introductory
units on handling complex functions, attempting to give the
reader a qrasp of the means to manipulate them. He proceeds Trom
thigs to an  exposition of the derivation of Schrbdiner’'s
Eouation, and explains  its origin. The equations for Quantum
Mochanics werse conceived as  being gengralisations of  those of
classical mechanics, but without thesre being & clear logical
directive for establishing a rule of generalisation. Given wide
scope, therefore, development proceeded heuristically and on the
bazsis of bold assumptions. Without a clear logical theory behind
the work, the single justification Tfor the conclusion is that
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the mathematics has provided suceptional predictive accuracy.

De Broglie began the process by extending the concepts of the
dualism inherent in  the wave-corpuscle theory of light to
fundamental particles of matier. Schrddinger then used this to
svtend classical mechanics into wave mechanics, and Heisenberg
concluded that lack of direct verifiability implied that the
gquations represented probabilities of transition only and were
expressible  in matrix  form. Reichenbach again illustrates a
point that theories should be assessed in  their "context of
justification” by their coherence and predictive value,; rather
than in their "context of discovery’.

He then sketches through a derivation of Schrbdinger’s eguation,
and proceeds to show that solutions will provide discrete energy
levels consiztent with Bohr’'s atomic model. Furthermore, it we
@xamine the properties of position and momentum of a particle,
it can  be shown that these are non-commutative properties and
therefore provide separate and distinct sets of eigen—functions
and eigern-values, with the cornseguence that it  is not possible
ta establish a measwring situation that provides simultancous
values of these properties. Schrddinger’ s sgquation provides us
with & wave representation of a fundamental entity, not in
corpuscular form  but represented as & wave with properties of
amplitude measuwred against space and time coordinates. This can
be interpreted into corpuscular  terms through transformation to
give a relation of time-dependence for commutative properties.
Different transformations are required for properties which are
non-commatative.

Reichenbach procedes in the third section of FFAM to examine the
implications for causality of the dualist interpretation of the
gguations of guantum mechanics. He requires a "causal law” to
meat two conditions -

Firet, it is required that the cause determine the
effect univocally: second, it is demanded that the
effect spread continuously through space, following
the principle of action by contact.

(Reichenbach (194471, 117)

Az & wave theory alone guantum mechanics provides a system of
causal ordering that applies to interphenomena, but breaks down
only at  the level of the discrete phenomenon which is located
spatially and temporally. The corpuscular theory, on the other
hand, can not provide a continuous spatial and temporal account,
due to the non-commutative properties of the space and momerntum
vectors within the controlling function. [t does, bhowever,
ernable the construction of class models, for rwample of the
hydrogen  atom, &gainst which discrete measuwrement can be
obtained, but we are not enabled to pursue the development of
thie model through time as a physical structure against causal
interactian.

Reichenbach therefore locks to the languages that we are using.



There are two, an obssrvational language relating to the
phernomena, and & guantum  mechanical language which relates to
the interphenomena. These languages are related inasmuch as the
truth or felsshood of statements made in the guantum mechanical
language can only be determined in terms of measuwrsments in the
cheervational language. Thus “meaning” in the quantuwnm mechanical
language relates to statemsnts in the observational language, as
for example a statemernt of a position of an electron is
relatsable  to an  obssrved flash on & screen or a blip on a
Geigesr Counter. I we pursue this, howsver, we must conclude
that if we have a statement of position of an 2lectron, then a
statement abouwt a simultanecous momentum of  that electron is
effechtively meaningless, in that in measuring position we are
physically uwunable to measure momentum. Reichenbach wishes to
avoid the conssguences of  a language which generates physically
meaningless statements, and he therefore extends his definition
af truth-valus to accommodate +this, by introducing a third
value, — neither true nor  Jalse, but indeterminate. He compares
it to the case of two dice players, "AY predicts a six if he
throws rmext and "R" predicts a five if he throws next. "A"
thirows four, and his prediction  is thsrefore false; but "B"’'s
prediction  can be neither true nor false, bul indeterminate.
Boichernbach does continue by  asserting that in this "macro”
situation it would have been possible perhaps to re-cast the
situation for "EY  then to test his hypothesis, whereas the
guantum situation does not allow this.

Feichenbach continues, to demonstrats  that this three-valued
logic can be applied consistently to the guantum—mechanical
language in & manner that provides a8 more complete description
of wvents  than does, far example, the Bohr—Hegisenberg
restrictive interpretation. It avoids the explicit announcement
of causal anomaly in & description, but classifies groups of
statements as indeterminate. It is questionable if his analysis
using thres-valued logic has either added to understanding of
the quantum-mechanical domain or enabled wus to operate with

apparent causal anomalies. He introduced the concept of
thres-valued logic in EF  to account  for  the concept  of
"weighted” rather than “absclute” truthy  in this case he is riot
invalved in  probabilities or waightings, but purely with
indeterminate measurement. The one virtue of using the

"indeterminate” wvalws is  that the alternative in  two-valued
logic is a desigrnation of meaningless. Thus we would expect Bohr
to  assert that the concept of a value for momentum of  an
glectron as its position is sstablished, is meaninglessi whereas
Reichenbach’ s designation of ‘“indeterminate” dogs provide &
clearer and more relevant statement.

Reichenbach makes a summary of the book’ s analysis. He reflects
that indeterminzcy is &  fundamental  physical law, involving
disturbance of the objiect by measwresment. The physical world

therefore divides into phenomena which are accessible to
obhservation and inferential reasoning, and interphesnomena which

are based on  interpolation and which gererate systems not free



from causal anomaly. He then advances into & Conventionalist
position -

Instead of speaking of the structuwre of the physical
world, we may consider the structure of the languages
in which this world cam be described:; such analysis
pxpresses the structuwrz of the world indirectly, but
in & MOre precise way.

Feichenbach’'s intention in this book was to replace causal laws
with probability laws, and to explore  the interpretation of
unobserved obiects. He has not demonstrated that in the guantum
world, probabilistic connection supplants cawsal connection. He
has illustrated physical causal anomalies, buat he has only been
able to adiust the logical structure of language to accommodate
them, he has not provided probabilistic support for this. One of
Feichenbach’ s enduring passions has  been his  recognition that
actual knowledos 1w obtained imprecisely and sifted through a
statistical filter to give it substantial form. He was
fascinated by Boltzmann who effectively reversed the traditional
process by deliberately using probabilistic imprecision on large
aggregates, to produce measureable predictions at the aggregate
ievel. The development of guantum mechanics with its modelling
interpreted in probabilistic terms would appear to offer him an
opportunity to establish  a probabilistic conception of the
physical world, but  he appears unable to achieve this. We must
also be oritical of his conclusions regarding unobserved guantum
obiects where he appears to  withdraw from his empirical realism
into a conventionalist irnterprstation. In this book he was not
setting out specifically to defend & philosophical position
against others, rather ©to provide an elucidation of a physical
theory, and the consequences 1in his  philosophy are not clear
even though he provides a clear exposition of the apparent
anomalies inherent in guantum mechanlos.

Hee has concerned himself szclusively with the expression  of
guantum theory in terms of functions related to the behaviour of
individual particles. As an  extension of classical mechanics,
guantum mechanics examines the bshaviowr of individual particles
in electromagnetic fields. The consequences give a basis for
models of atoms  and energy emissions that conform well with
obhsarved physical effects. He ohserves that ©the sole
justification of guantum theory ie its ability to provide
conciusions which correspond with the factsi; but just as kKant's
ohilosophy was distorted by his acceptance that Newtonian
mechanics appeared to provide a conclusive final theory, there
is a danger that Reichenbach’ s epistemclogical conclusions
arising out of guantum mechanics may be over—hastily drawn. A
conclusion he could have perhaps emphasised, relating back to
Boltzmann, ie that despite apparent causal anomaly at the level
of the individual guarntum particle, the conseqguence of
considering particles  in aggregate provides no  such anomalous
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behaviowr. Thus the absorption spectrum of hydrogen gas is
predicted by the theory at the macroscopic level, and we can
draw concliusions on the emitted light of stars to conclude that
the presence of hydrogen gives us the measurements we obtain. We
understand the causal comnections in this phenomenon right down
to the structure of the individual hydrogen atom. Causal anomaly
only intervenes when we attempt to track an  individual photon
contributing to the total phenomenon. The causal  anomalies in
the two-slit experiment arise through the interaction of the
observations with the guantum description of the electron. If we
describe it as a corpuscle we have to explain how its behaviour
in paesing  through one slit is  apparently affected non-locally
by the presence of a second slity and 1f  we describe it as a
wave we have to wplain specific localised flashes on  the
soreen. The anomaliss may disappear, however, with a different
concept or a different guantum model.

His classification of non-messured nla unmeasureable
interphenomenal properties as  indeterminate does provide a
felpful reconciliation with the macro world. As he points out in
EF, meaning is & basis for usefulness, and the Bohr-Heisenberg
restriction on unobserved interphenomenal properties as
meaningless concepts, deprives us of a language for relating
gquantum events. [f we describe the momentum of impact of a
particle with a spatial determination as irndeterminate, we have

a  means  of  eccommodating this understandingy whereas its
designation as meaningless actually limits our understanding of
what it is whose position we have measured. The concept of an

indeterminate event ls familiar to us. Take the example of a
dice thrower; the potential outcome of a throw is indeterminate,
ard we are oquite unable physically to take account of all
possible causal influences on it, - even though there seems a
feasibility “For this. We know that in aggregate a six will
appear with & fregusncy that gets closer to one-sixth as the
number of throws Ancreases, but each next throw is
irndeterminate. The indeterminacy of guantum mechanics  arises
fram  a phvsical inability to determine all parameters of &
quantum event without upsetting them in the measuring process,
and  we therefore can’'t provide a positive prediction of an
individual occouwrrence. We can, howsver, pravide accurate
predictions of the agaregate of such occurrences. The individual
autcome 1 not meaningless, it is indeterminate. Perhaps it
mesded  an  empirical realist to  provide this more pragmatic
understanding.



Chapter 8

THE DIRECTION OF TIME

The Direction of Timse was published posthumously in 175&6. In
this book are represented Reichenbach’'s later conclusions on the
subjects of his writing that we have been considering, and
particularly on the relationship betwesn causal determination
and the physical world., In his Introduction he declares his
intention  to wamine the objective property of time as it
manifests itself in physics, a5 opposed to owr subjective
temporal experience, and he makes a criticism of Kant’'s concept
of time for its subjesctivity. He attributes this to Kant's wish
to free man’'s will Ffrom a deterministic world, and as a
consequancs Kant’'s philosophy asserts the dominance of man over
time and causal order

Fant' s philosophy of subiective time and subjective
causality i1s a Torm of escaplsm.
(Reichenbach [19%36]1, 13)

Of course it is peossible to interpret Kanlt’'s philosophy of space
and time as a subjective construct, and Eant's analysis is that
we impose causally ordered form on experience; but  Kant would
aleo assert that this is a real property of the empirical world.
kant’'s case is  that we can’'t come to terms with empirical
knowledge unless we structure it in & necessary way, and in his
publications prior to this Relchenbach has been unable to
demonstrate that & spatic—temporal structure with causal
connection is not a necessary pre-condition. Following his break
with kKantian philosophy in 1921, and since moving from Istanbul,
Relchenbach haszs been operating within a different philosophical
tradition, dominated by the works of the American Fragmatists,
arnd  perhaps influenced also by Russell. Russell’'s method of
analysis was not sympathetic to Kant, and he was particularly
impatient with Fant s grasp of concepts like "infinity” and his
presumption that an infinite series necessarily has an infinite
sum. We can therefors understand Russell’'s dismissal of Kant's
concept of time a5 purely subjective whern we read in Russell’'s
Our Enowledge ogf the Exterinal World -

"With'a cynical smile he pointed the revolver at
the hreast of the dauntless vouth. "At the word
three 1 shall fire,’ he said. The words one and
two had alrveady been spoken with a cool and
deliberate distinctness. The word three was forming
orn his lips. At this moment a blinding flash of
lightriing rent the air.” Here we have simultaneity
- not due, as Kant would have us believe, to the
subjective mental apparatus of the dauntless vouth,
but given as objectively as the revolver and the
lightring.

(Fussell [1976]1, 1322)
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In 1929, in an article in Obelisk Almanach entitled "Bertrand
Russell”, Reichenbach writes -~

the real philosophy of our day has developed along
with the positive sciences and can only be discovered
if we kesp our eves open for the special form of
philosophical thinking that is an owtgrowth of the
construction of scientific concepts and the mental
apparatus of the sciences. ..... There are probably a
goond many philosophically minded professional
scientists, but there are few philosophers. The
following remarks are dedicated to one of these, the
worthiest representative of such & philosophy of the
positive sciences: Bertrand Russell.

{Reichenbach [1978]1., 298)

Given his admiration for Russell in 1929, it would be
unsurprising if he wasrn't influenced by him, when, eleven yesars
later, he shared a room with him at UCLA.

Although Reichenbach may appear too readily dismissive of Kant,
however, this observation does mark the fact that Reichenbach
has besn able to free himself from the traditions of his early
philosophic education, and that he has established a direct
unfettered approach to philosophy. This final major work of his
is  marked by & thoroughness and divectness, and without an
intention to support or attack other systems of philosopby. This
is Relichenbach the philosopher-engineer at work.,

Reichenbach begins his study of physical time by emxamining its
gualitative, or topeological, properties. He refers the reader to
FST for a study of the qguantitative properties of time. He sets
down six statements as markers for topology

1. Time geoes from the past to the future.
2. The present, which divides the past from the future,

is now.
Ae The past never comes back.
4. We cannot change the past, but we can change the future
. We can have records of the past, but not of the future.
6. The past is determined; the futuwre is undetermined.

{Reichenbach [195%6], Z0-23

He proceeds to summarise that these indicate that time has not
only order, but direction. He then turns to causal relationships
as the basic determinants of temporal order, and defines these
a5 -

A oevent & 1s cesusally connected with an event B if

Aode a cause of B, or B is a cause aof &, or there

erxisets an event C which is a cause of & and B.

(Reichenbach [19361, 29)
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In dealing with time, however, he indicatss that causal
cormection itself does not oive a complete topology. as such
connections apply to both reversible and irreversible physical
processes. With a reversible process we can reverse the time
coordinates and still have a satisfactory description consistent
with the physical world; this would be analogous to reversing a
film of an  sngine ranning along  tracks.  Such instances  are
Common in classical physical laws, as for instance the
trajectory of a ball being thrown through a frictionless
environment. In an irreversible process, on the other hand, this
dogs not apply, — as fTor example in the mixing of two gases or
liguidse., or the movement of heat from bodies of higher
temperature to those of lower temperature. He doess point out,
however , that although only irrevercsible processes give a
direction to time, reversible processes do define a temporal
ordering  and hence an  asymmetrical relation. It is arguable
whether the asymmetry of a reversible process, however, has any
relevance unless & direction defined by an dirreversible process
has already been established, and Reichenbach later concedes
this., A reversible process does, however, specify an ordering in
termes of between, but without specifying a necessary direction,
s0 that it is possible to conmect such processes in & network in
which, onceg & direction is given Lo one element, a unigue
direction is given for every element. We can now travel through
this network, at each node selecting a line  to travel through.
Reichenbach calls such & route & causal chain, and observes that
i following such a route we never return to the starting point:
"there are no closed ceusal chains”, (Reichenbach [19561. 36).
Reichenbach observes that this is  an agpen net, which property
also holds it directions are reversed, thus

the openness of the net is an order property,
not & direction property.
(Reichenbach [1956], 36)

This openness property 1s an empirical fact, as there is no
logical reason why it may not be closed. and he illustrates the
paradoxes of identity that would ensue from moving through a
causal chain  and returning to  the original starting point. It
gensrates the paradoxes of travelling backwards in time with the
problems of @ self-identity (of self or object) that results
pereistence of identity through Ltime, he classes as genidentity.
Gernidentity is only possible in a world with an open causal
network. The causal nelt thereby defines a time order for the
world, but not a time direction. The structure of the net may
not alwavs provide determinate relationships of  order between
some  events, —  fTor example events AR,C,D connected only by
causal links AR,BD.AC.CD provides no relationship of order
between events B and € which are therefore indeterminate in
relative time order; they can be considered as simulltaneous.

Reichenbach then considers irreversible processes. These are
characterised, within & completely closed system, by an increase




in  Entropy, - as characterised by the Second l.aw of
Thermodynamice., The measure of entropy of a closed system is a
measure of its degree of equalisation. Thus in a system
exhibiting disparities in thermodynamical properties, there is
an irreversible tendency towards tiigher entrapy and
aqualisation. Even what we have been regarding as reversible
processes are  in fact ildealisations, in  that physically no
closed system operates without generating friction, and hence an
gntropy increase in dissipated energy. Reichenbach then returns
to Boltzmann, and his daerivation, from probability
considerations, of the Second lLaw. That entropy increases
through statistical necessity rather than through a strict law
leaves open the possibility of temporary entropy reductions,
but, bescause when we consider thermodynamic systems the active
unite are large numbers of atoms, the overwhelming probability
is  towards an  lncrease in entropy. In this connection
Relchenbach makes the observation that has besn implicit in much
of his work, without being expressed so clearly

We have no proof that the motion of atoms is
governaed by strict laws. Ferhaps we should explain
all causal laws of macrophysics as the product of
the law of large numbers, which transforms the
limited probability of elementary occurrences into
the high probabililty of processes in large
assemblages,

(Reichenbach [19361. 56)

This is the vision that has propelled him since, as a schoolboy,
he first encountered Boltzmann’'s work. This is the most clear
gxposition of it, although in his work "The Aims and Methods of
Fhysical Ernowledge” published in  Handbuch der  Fhysil v.4 in
1229, he wrote -

the law of entropy .. originally appeared as a
purely causzl law in thermodynamics, yet .. it
revealed itself as & statistical law presenting
the macroscopic form of many interacting elementary
processes. We cannot exclude the possibility that
this will turn out to be the fate of all causal laws;
recent conditions in guantum theory have, indeed, made
a reality of this conjectuire ... No & prigri
pronouncement is possible., of course: we must await
the judgment of physical experience.

{(Feichenbach [1978].v.2. Z207)

The formulation of quantum theory of course was not effected in
terms of assemblages, and so although & probabilistic element
was introduced into that theory, 1t was not aggregated into a
form that generated the explapation of causal necessity at the
aggregate level as Roltimann had achieved for the Second Law.

Feichenbach takes us  through the outline of EBoltzmann's
derivation, drawing attenticon to the basic presumption only of
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an initial probability mebtric, that is of equiprobability of all
arrangements of gas molecules. The problem that we face is that
Lhe presupposition itself, which reguires the ergodic hypothesis
that all microstates are asagually probable, can only
satisfactorily be demonstrated {as by Birkhoff and Von Neumann
in 1931 and 1932 respectively) by the applicability of the laws
of classical mechanics to the bebhaviowr of the molecules. In
other words the probability hypothesis itself depends on
applicability of a strict causal law. We have the phenomanon of
demonstrating the necessity of the irreversible process on the
basis of application of reversible mechanical laws. Reichenbach
points out, however, as a practical man, that isolated systems
ars unachieveable, and therefors any apparently closed system is
still subiesct to minute sxternal perturbation, which in itself
will generate equiprobability of all microstates. At the limit,
however, the Universe is & comprehensively closed system, and
therefore subject anly to strict causal laws, undisturbed by
impacts Trom outside. In cther words the Universe as a whole is
governed by debterministic laws, which Reichenbach must now
investigsate.

FReichenbach states that Determinism is not an observational
fact, but an extrapolation from the great predictive powers of
physical laws, which are themselves substantiated from
observations. Although we are limited in  the precision with
which we observe and measure -

-

foset of ultimate causal connections is supposed

to be hidden behind observable relationzships.

Determinism is thus based on an extension of observed

regularitiss to unobserved ongsy and it is assumed

that the flaws of atltasirnable predictions would vanish

iT we could only uncover the ultimate causal structures.
{(Reichenbach [19361, 82)

Thus, in & predictive situation, we attempt to take account of
all major causal influences, and effectively supplement this
with & probability hypothesis that potential influences not
accounted for behave within a constrained distribution of
divergence. We expect that we could achieve higher predictive
accuracy by  taking account of even more influences, with the
wltimate physical, {although not technical). possibility of
accounting for all of them. Determinism implies that this
possitility of absolute predictability is potentially
achieveable.

Johm Earman in A Primer on Determinism attempts to analyse the
concept of Determinism without involving the concept of causal
determination, and introduces the concept in  terms of  a
hypothetical cther worids definition -

if two worlds agres Tor all times on the values of
the conditioning magnitudes and 1if they agres at any
instant on the values of the other magnitudes, then



they agree at any other instant.
{(Earman [1986]1, 14)

As a tool of  analysis  this definition generates  fruitful
discussion, but Reichenbach’'s more direct attack on the concept
maintaine a direct relevance to traditional preconceptions.

Feichenbach next examines how we would set about obtaining
greater accuracy by reducing the influences not accounted for.
He proposes three primciples which are summarised below -

1. Extend the environment to account for potential
external influences.
2. Make more precise measwements of the parameters
within the system.
Z. Use improved causal laws.
(Reichenbach [1256], 83,84)

He considers these factors, looking first at the potential for
accounting for an  extended environment. In pre-relativistic
terms, wultimate predictability cam only be achieved by extending
the domain  considered to  the whole Universe, because anything
less includes the possibility of some  external factor
unaccounted for. An infinite universe implies a potentially
infinite number of parameters, which makes it impossible ‘o
specify the initial conditions. Following Einstein, we now
appreciate that we only nesd to account for that part of the
Universe that can interact causally within the time pericd
regquired of the prediction. In practice this again becomes
physically impractical, because gathering the information from
such a sector of the Universe 1s itself limitsd by the speed of
light, and the delay reguired to gather this also implies that
the causally related sector itself must become bigger, — we are
chasing our tail. IT, however, the Universe is spatially finite,
it is theoretically possible to locate & maximum environment
From which & fTinite number of paramegters would specify an
initial state, although this “might be billions of years ago”,
{Reichenbach  [19%&67, 8&). From this it could be possible to
predict any future state in a deterministic world. The practical
feasibility of such a total measurement is  highly improbable,
and in  any case it relies on the universe being finite, so an
alternative must be examined.

Feichenbach therefore accepts that & guarantee of perfect
browledge of any claosed syatem is uwnachieveable, and he
therefore looks at serial methods of obtasining information.

Having identified a small spatial region which is to be the
pbject of predictional analysis, Reichenbach encloses it within
a larger region with a finite boundary surface. His purpose in
doing this is ambiguous, and he doesn’'t explain how to use it
affectively in the ensuwing analysis. For the practical
fFeichenbach, this iz wunusual. This can serve two purposes; — the
outer surface can be considered as & boundary of effective



causal influences on the smaller spatial domain being studied,
or  extranecus causal interference can be identified at this
puter boundary. The subseguent analysis presumes tha first of
these, but Reichesnbach dose not make it clear practically how

this could be effeclted.

He then cornsiders & series of assessments of the small domain
being studied, sach serial assessment taking a more detailed
account of the initial conditions and relevant causal factors
affecting a particular predicted measurement. In a Deterministic
World there is a presumed ultimate description which can act as
a hasis for certain predictions, s that the series of
assessments can be  seen  as converging  towards this ultimate
description. In an Indeterministic World, on the other bhand, we
have no reason  to presume  that such  an ultimate description

ists. Heichenbach alsn considers, associated with each
assessnent, a series of estimates of the reguired measurement
for succesding times. If we assign a probability of prediction
to each of these estimates, thern the probability of prediction
af the valua for an earlier time will be higher than the
probability for a later time. We also expect that for a given
time of measurement ©the probability assigned to a prediction
based on  a more detailed assessment of causal factors will be
higher than that for a prediction based on a less detailed
assessment. Reichenbach therefore presents us  with a
potentially infinite matrix whose top row presents the series of
assessments of irnitial conditions  and causal factors, and whose
suceceeding rows give the assigned probability of prediction for
each of theze at succeeding time intervals: -  thus column
position, from left to right, indicates the detail of assessmant
of cauwsal factorsy; and row position, from top to  bottom,
indicates the time sequence for the predicted value. The
probability of prediction used in  this matrix can be defined as
the probability that the predicted value differs from the actual
value subsequently realised by less than a pre-defined small
2rrar.

It we consider any row of probabilities, representing the
probability of prediction for a time on the basis of succeeding
more detailed assessments, then we have a series which converges
towards & probability value of one in & Deterministic World
provided that the time from assessment to measurement precludes
sxtraneous influences. If we ignore the conclusions of guantum
mechanics and yet don’t presume determinism, Reichenbach
proposes that ouwr smpirical evidence still suggests that the
probability series measured along a row will still converge

towards the probability value Qe ., For a possibly
Indeterministic World, therefores, in which we can’t presume a
convergence of  initial assessments, our physical evidence

indicates that we can still predict subseqguent measurements with
a probability converging to one. Each lower row, of course,
representing & longer period of time between assesement and
measurament, has lowsr probability values in each column
comparsd with the row above, but in a Deterministic world these



values in  @ach row would still  converge to the value ones; and
this appears to apply in ouwr physical world where determinism
can not bz presumed. [f, on  the other hand, we proceed down any
columt, representing increasing time interval between assessment
and measurement, then the probability of prediction converges to
& limit "p” . which is the objective probasbility of that
measuremant  occurring independently of gpacifying initial
conditions. An example of this is & prediction that at least one
inch of rainfall will ococur in any week in County Durham.

I we therefore look at Reichenbacoh’'s matrix, we have values of
probability measures  in rows  converging towards the value one,
and valuss in columns converging  towards “pY. If the world is
deterministic, we wouwld expect that although left-hand columns
convergs towards  Yp", the lower rows would still converge
towards one as  they progress to the right, representing fuller
information of initial conditions a&and the causal structure of
the situation. The existence of such a probability maitrix would
not., however, represent a proot  that & limiting dinitial
description exists (i.e. that the world is Deterministic), since
this could alsc be compatible with there being no limiting
descripbion. On the other land, if we  have a mabrix
demonetrating  non-uniforsm  convergence, with the higher rows
converging towards the value one as we move to the right, whilst
pach columm as we move down progresses to the limit "p"; this is
not & proof  that an ultimate description doesn’t exist or that
e world is not deterministic.

1

This doss not mean that the schema represents
evidence against the assumption of a limits it
mErely does nob support this assumption. It makes
the assumption of a limiting description appear
as an emplty addition, which does not manifest
itseld in observable relationships.

{Feichenbach [1¥361., 93)

Feichenbach illustrates his thesis by returning to the Boltzmann
model of a gas, and pointing out  that even 1f classical
mechanics iz not presumed but that & probability distribution
im, then we get converging predictions without the presumption
of determinism.

Determinism is logically compatible with classical
physics: but determinism is by no means proved by it,
nor made probable by inductive evidence. Even for
rlassical physics, determinism is a redundant addition
to the system of hypotheses which formulate the basic
laws of the physical world.

{Reichenbach [1936], 93)

Reichenbarh had examined Determinism in  an article he wrote for
the Ravarian Academy of Sciences in 1925, "The Causal Structure
of the World and the Difference between Fast and Future”. He had

emploved & similar argument, based on the empirical ability to



male increasingly ilmproved ansessments af  a particular
situation, to arrive at the conclusion -

the deterministic hypothesis is completely emply

for physics: and while it canmot be directly refuted,

there is also nothing to be said in i1ts favour.
{Reichenbach [1978]1,v.2, 83)

Reichenbaoh’ s  argument, in  brief, iz thal becawse we can
describe the physical world in & manner that allows us to make
opredictions as accurately  as  we  regquires, this does notl
demarnstrate that the world is deterministic. This can similarly
he expressed by saying that indeterminism of detail can still be
consistent with overall uniform, or predictable, behaviour.

It mav be instructive to examine a physical situation where our
ability to predict is constrained, such as the tossing of a
coin. The presumption that Reichenbach makes in his matrix of
probabilities is that more detailed information provides us with
the ability to make better predictions, and that in  the
coin-tossing case we should therefore be enabled to have enough
information to progress from a  probability of one half  in our
predictive potential to & probability of one. In other wordes,
even in an  indeterministic world, if we have a macro situation

with twe positions of stable sguilibrium - heads or  tails — we
carn  always collsct anough information to establish which

position will result. For a Realist like Reichenbach this is a
dangerous pre-supposition, and  is  not borne  out by his own
analyveses of probabilistic situations. Foincarg had indicated, in
his analyses of three body dynamice in a gravitational field,
that classical methods of analysis of the problem were
inadeguate to provide predictive models; and in the last decade
simpler physical situations bhave been shown to be predictively
intractabls. &n example, analagous to  the tossing of & coin, is
a frictionally damped pendulum swinging over two attractors, -
magnets for  instance. There are two positions of potential
stable equilibrium as the pendulum comes to rest, one above each
attractor. The initial conditions, with the pendulum released
from rest, can bg specified with great accuracy, and the
mechanical eguations of subseqguent motion can again be specified
closely: but the fimal predicted positiorm of equilibrium can not
always be determined by sny degree of adocuwracy we choose to
gmploy,.~ the probability remains one half. It we were to plot a
two-dimernzional chart representing the initial position of the
pendulum bob  that produces a final position  above one of the
attractors, we could find in some regicns a complex pattern of
fractal geomstry. In other words adjacent initial positions,
separated by a distance smaller than any distance we care to
specify, will produce different final positicns of gquilibrium.
Ir obther words  in these regions it is  physically impossible to
specifty  initial parameters accurately enough  to increase the
prabability of  the outcome above one half. Thus, although we
understand the causal laws operating in this situation, we are
unable to predict the final outcome. Common sense seems to

ST



indicate that this canncot apply, that Laplace’s Demon could
determine a relationship between absolute initial position and
fimal equilibriumy but the natwre of fractal geometry precludes
this, givern that space is infinitely divisible, - that it is
continuous and not discrete.

We thereforse have the potential combination of accurately
specified causal relationships providing indeterminacy of
outcome. Whereas Reichenbach would replace the causal connection
hetwean succeeding events with a probabilistic connection,
fractal analysis indicates that we should perhaps retain the
concept of causal connection, but operating on an indeterminate
situation.

Reichenbach continues by looking at mixing processes; processes
which move from ordered to disordersd states, states of higher
entropy. He wamines what he describes as "probability
lattices". Given an aggregate, each row of a probability lattice
represents an individual, and each column represents a
succeeding temporal state, so that the probability of an
individual having a specified value or position at a point in
its history is  located at  the corresponding point. As A
practical example, we can look at the mixing of two gases from
parts "A" and "B of a container after a partition has been
removed. The probability function can  be regarded as the
probability of finding & specific molecule in part "A"  for
wample. For & molecule of the gas originally in "A", the column
one probability will be one, as will succeeding columns until
the temporal interval has been reached at which the molecule
could have first entered, at the speed of sound, into part "B".
For columns to  the right of this the values in  the row
corresponding to  this molecule will progressively tend towards
the value one half, as it becomes physically eguiprobable that
the molecule could be in either A or B. Thus a particular column
as o oa whole represents the probable distribution of &ll
molecules, whilst a particular row represents the probabilistic
transition of one molecule. Reichenbsch designates a row as a
time ensemble and a column as a space ensemble. He also draws
attention to the initial columns,. where in the above example the
probabilities are in transition from value one to aone half, and
describes this as the aftereffect. We have an example of the
aggregate moving from its initial ordered position, through the
perind of aftereffect of increasing entropy, to the position of
relative stability and maximum disorder.

Reichenbach row uses this model of & mixing process to consider
the problem of the direction of time. He has shown earlier that
we can order reversible processes in  a causal net, and he now
wishes to explore whether this net can be given a direction in
relation to statistical processes. He is confronted with the
paradox  that the equilibrium position of maximum disorder 1s
based on statistical probabilities. Thus the conclusion of
maximum entropy is based on the probability premiss  that all
states for sach individual in  the aggregate are equally likely,



and therefore all possible combinations of the space ensemble
are achisveable. This must therefore include states of relative
order, or relatively low entropy. He also offers the paradoxical
gxanple. as applied to the mixing of molecules in A and B, of &
simultaneous reversal of all molecular velocities after mixing,
o that we recover the initial state of the two gases separated
it sach of A and B. As the probability of a molecule’s velocity
is dndependent of  the sign {direction) of that velocity, we
could conclude from this sxample that “"separation processes must
be exactly as freguent as mixing processes”, (Reichenbach [193&67,
1i0). Reichenbach’'s diresclt examination of this paradox is only
partial, and he contends that we don’t 1ave perfectly isclated
systens, so  that random  extranecus influsnces will affect the

midarg o separating process. He contends that & minor
disturbance to a process of separation can have a major effect
o it, since this  can destroy the implicit order being

established, whereas a minor disturbance to a mixing process
wonld not  impede the transition to grester disorder. This
argumsnt, although plausible to  a practical man, doesn’'t really
apply to an idealised situation where the reversibility premiss
Mas hesn accepted that mixing processes are equally as likely as
separating processes. BGiven that premiss, an  ewtraneous random
influsnce is as likely to push & mixing process inko reverse as
it iz a ssparating process. A more satisfactory examination of
the paradox must follow  the instincts of the practical man
rather than the compulsions of the legician. We are dealing with
aggregates, and the impact of an aggregate on its environment or
on an cbserver can not be  an "instant slice of space ensemble;
but of necessity is a time-weighted effect. Although we can have
probabilistic states of relative order exemplified in & matrix

T

lattice, these states af order are  actually temporary
transitions between states of relative disorder, so that the
ohaerved mffect is masked by the enveloping disaorder.

Reichernbach doss point out a physical case where indications of
temporary bransitions through ordered states are observable, -
namaly in Brownian Motion of small particles in  suspension —,
but he dossn’ t develop ths case as outlined here.

Havirng noted this paradox, Reichenbach begins to consider
further the implications for tims direction. Given any
particular spsce ensemble and level of entropy in equilibrium,
it is more probable that the succeeding state of this aggregate
will have a higher entropy. But it is also more probable that
the preceding state will also have higher entropy. On this basis
we must  concludes that if =state "B' has a higher entropy than
state “A", this still doss not tell us which of the two states
iw later in time.

Having appeared to lead his reader again into an impasse in the
lagic of mixing processes, Reichenbach looks at  physical
manifestations. For example, if two gases have been observed by
e ohserver in containers A and B relatively ssgregated, and
sesn by another observer in a well-mixed state, we would



conciude that the gases had originally been partitioned and that
the second observer was later in time than the first. In other
words, we make the presumption  that although we have now an
apparently closed system, it has been subject to significant
interaction with its environment.

Our environment is rich in processes which, either
as a natural product or through the intervention of
marn, create as part of their results ordered subsystems,
which from then on remain isolated and run through an
evolution toward discrder

(Reichenbach [195361, 117)

Reichenbach thereafter creates another lattice representing such
subsystems, which he sees as branch systems, branching off from
& more genseral interaction into relatively closed systems. His
jattice provides a row for each such branch system, with columns
representing successive states of  the sntropy measure of each
bramct., Reichenbach’'s argument is that in lochking at & single
oW owe  ars  unable  to counter  the reversibility objections
outlined above, but in  looking at  an ensemble of branches
together with the presumption that branches start from positions
of relatively low entrapy, we can detect & basic asymmetry in
the znesemble as a whole. Effectively this argument provides a
probabilistic basis for time direction, that if several rows
exhibit left to right asymmetry then this is a more campelling
reason  to explain  this as  a time direction than an apparent
instance of temporary asymmetry in  one row. What we are in
gffect doing is looking at combinations of aftereryects to give
general time direction. Reichenbach does not look in detail at
the sequence through a period of aftereffect, where a system is
initially liberated, -~ as in withdrawing the partition between A
and EB. If a series of chservations were made during this initial
period, we would conclude that it is a highly imprubable set of
ococurrences in & closed system unless it is immediately
consequent to a branching opzration. Application of Boltzmann’'s
distribution to the molecular arrangements would indicate that
such a szries is highly improbable in a state of eguilibrium. Ry
extending this to Reichenbach's ensemble of parallel branch
systems, wa merely strengthen the degree of improbability.

Reichenbach therefore defines -

The direction in which most thermodynamical processes
in isclated systems occcur is the direction of
positive time.

{Reidchenbach [1986]1, 127)

Feichenbach’'s further conclusion from this is that if we look at
the Universe as a whole closed system, then we cannot always
pupect & continuous increase in entropy;  the reversibility
argunent applies. Therefore

we carnnot speak of a direction for time as a wholej




anly certain sections of time have directions. and
these directions are not the same.
{Reichenbach (19561, 127)

He ocontinues. having given coredit  to Boltzmann for his
gbhssrvations Lhat there 1is no causal law which demands
continuing increasses  in the entropy of  the Universe, by

observing that a reversal in the total entropy of the Universe
would be separated by states of high disorder "in which living
erganisms  cannot  exist?, (Feichenbach [1928&7, 128). Thus no
practical problems are posed by this potsntial phenomenon.

Mz then examines what is meant by an apparent reversal in the
direction of time. Eariy in this book he had demonstrated that
time is given an  order by reversible processes, but not a
direction. It is against this order that we can meaningfully
speak of the direction potentially alternating. It is possible,
however, by studying the causal interactions of that part of the
Universs accessible to us, to conclude  that we are moving
through a pericd of entropy increass; that a relatively highly
ardered Universe provides branch systems that display increasing
entromy.

Time direction is sxpressed for ws in the directions

of the processes given by the branch systems with

which owr envivonment abundantly provides us.
{Reichenbach [17561, 131)

Feichernbach concludes  this argument with a summary of  time
dirvection as a function of entropy.

A statistical definition of tims direction presupposes
a plurality of systems which in their initial phases
are not isclated, but acguire their initial improbable
states through interaction with other systems, and
From then on remain isolatesd for some time. ... The
direction of time i supplied by the direction of
erntropy, because the latter direction is made manifest
i bhe steatistical behaviowr of & large number of
separate systems, generated individually in the
general drive to more and more probable states.
{Feichenbach [1983&61, 13%)

In his many references Lo Holtzmann during these arguments he
makes & statement in  relation to  Guantum mechanics,  which
perhaps illustrates a lack of confidence in the theory and which
is evident in  Reichenbach’'s lack of convincing analysis in his
w2l treatment of that subject. He writes, without further
substantiation -

the quantum physics of ouwr day is in need of Boltzmann's
ideas just as much as the physics based on Newton's
mechanics, for the very reason that this modern

physics, too, did not discover irreversibility in



its elementary processes.
{Reichenbach [193&1, 1354)

He returns to look at  time dirsction in guantum mechanics later
in the book.

Having based his analysis so far on comnsidering the behaviour of
asystems of aggregates, Reichenbach turns his attention to macro
events and the relationship with causality. He begins by looking
at familiar "shuffling" processes, as with playing cards or
snattering billiard balls. Our conclusions on finding order in
such assemblages, would be that an act of intervention had taken
places: that & straight line of billiard balls had been
deliberately positioned thus, and had not come about by chance.
If we find humarn  footprints in the sand, we conclude that
somenns  has recently walked here; that this explanation far
outweighs in probabilistic terms any other, and is & consequence
of the statistice of macro-systems. We see the footprints as a
record of an interaction on the branch-system of the sand.

the footprints take over the function of a record.

They allow us to infer that at some earlier time an

intsraction took place, that a person’s steps caused

the ordered state of the sand; because this state was

ot "shuffled away”, it is & record of the interaction.
{Reichenbach [19536]1, 151}

We have thus introduced & causal explanation to explain  an
instance of improbable order. Reichenbach therefore looks at
altermative ways of describing the phenomenon, and particularly
on the premiss of timeg direction moving in the reverse way. The
description in  reverse is of prior footprints, followed by
someone stepping  into them, after which an immediaste shutfling
takes place to restore the esguilibrium of the sand. We can only
gxplain such  instances on  the basis of purpose, in  which the
Ffubtuwre determines  how the past should behave. Such  a language
can be consistent, but it is urnatural and appears to contradict
the time direction of our psychological experience. Reichenbach
warns the Conventionalist at this point that in selecting a
convention Tor uwuse vyou carnnot divorce vyourself from  the
Bmpirical CONSequUences.

It ds an empirical fact that in all branch systems
the entropy increases in the same direction. For this
empirical reason, the convention of defining positive
time through growing entraopy is inseparable from
accepting causality as the general method of
@uplanation.

(Reichenbach [19%6], 154)

With this concept of cause as the interaction that produces the
branch system, which is thereafter committed to the probability
of entraopy incregase, Reichenbach indicatess that thereby "the
past progduces the Tuture”, (Reichenbach [175%6], 1§55). We can
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thus demarcate the present -

The present is intermediary betwesen past and futures
it contains the active agent that produces the future,
and it contains the records of the past. which is
completed and irvratrieveable.

{(Reichenbach [19561, 153)

1

Having provided this clear elucidation of the ralationship
between causation and temporal order, Reichenbach provides &
brief summary of causal structure and time.

an order of time can be defined (without reference to
a dirsction) by means of causal chains, and that,
Furthermore, the causal net is ordered as & whole. It
follows that if we assign the positive direction of
time to one causal chain, such & direction is assigned
to all causal chains. By this relationship, the direction
of time is determined for amny two svents that are
connected by a causal chain, even i1f the process is
reversible.

(Reichenbach [1956], 156)

Reichaenbach diverts temporarily to consider the relationships
betwesen the concept of informetion and entropy, «lthough this
is irrelevant to the development of his overall argument. This
is  Reichenbach the engineer at work, fascinated by the
application of mathematics to modern information technology.
Buibbsequent Lo this he re-examines the concept of order in a
causal net, given that knowledge of causal laws is not absolute
but based on probabilistic assessments. He demonstrates that an
ordered net can be constructed from probabilistic rather than
causal dimplications. He subsesguently describes a "marking"
process as  oan  irreversible event that establishes causal
ordering, and hence a means towards & causal net. A mark is
effectively a tracer that separates the time sequence of a
subsyetem, as for instance a chalk-mark on an cbject. He defines
that -—

I & mark in an event A(L) shows in an event A(k),
thern A(L) is causally relevant to A(R).
{Reichenbach [1956], 200)

This development does not add to his previous argument, but
serves to introduce  the concept of genidentity that he employs
in his subseguent analysis of time direction in the gquantum
world.

The final section in DT is cormcerned with the quantum world.

Reichenbach’'s PuUrpose is Lo extend his analysis af
time-direction through incliusion of quantum phenomena. He

.

clarifies initially that although Schrddinger’ s esquation takes a
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different form Trom that of classical mechanics, it still
represents a reversible relationship, and therefore in itself
does not add a fundamental insight into time direction. That the
solutions of the eguation to provide observable measurement are
prabability implications, however, doses involve us with causal
indetgrminism. Thus the probability lattice that would be
constructed round a guantum system would epecify a limiting
description of the initisl conditions, but the probabilities
associated with predictions based on incre2asing knowledge of
this description would not converge to & limit of one, but to
some probability dependent on the esperimental arvrangement under
the principle of indeterminacy. He continues &s in BEOM  to

analyse the Heisenberg Frinciple of Indeterminacy as  an
pbiective property of the world inherent in the guantum
formilation, rather than as being dependent on  observational

disturbance. He again justifies the formulation of the theory on
the strength of its predictive power, and further concludes that
in dits existing form it removes causal anomaly from  the
observable world and contains it within the warld of
interphenaomena.

He proceeds to investigate the genidentity of guantum objiscis.
He begins by contrasting two modes of speech, — speaking of
things, or speaking of svents. The two modes are translateable
into each other, and this relationship is important because we
define & "thing” in relation to events succeeding each other in

time. Thus Reichenbach asserts that YA thing is a series of
events succeeding one another in time”, (Reichenbach [19236],
F24 . He continues by gualifying a definition of macroscopic

material genidentity under threes conditions, which we can
summarise as below -

1. Genidentity requires continuwity of change; for example
a continuous transition betwsen spatial locations.

2. Spatial exclusion; two objescts cannot occupy the same
SPACE .

%. Distinguishability of identity during changed location.

He points out that although these conditions are necessary to
the concept of genidentity, other factors may a&lso be reguired
when dealing with, Tor edample, an assembly like a wall. He then
illustrates what he describes as functional genidentity, where
the last two conditions may be violated, as, say., in the
identity we assign to waves, or to a transferable package of
kinetic energy. When weg get involved in concepts like a river or
a flame we have problems in rescuing our concept of genidentity,
and Reichenbach points out that introduction of the concept of
atoms restored our ability to trace concepts of unchanging
identity through such apparently ephemeral occurrences

atoms are those last units which in their immutable
sameness draw lines of material genidentity through
the physical world.

{Reichenbach [1956], 227)



Thus the example of the two gases mixing in & container appears
to reguire that two substances occupy the same space, until the
conceptualisation in  terms of discrete atoms is realised. The
problem arises in the microscopic domain when we attempt to put
an observational meaning on  the concept of identity of
fundamental particles. We cannot test for continuity of motion
in a domain where the principle of indeterminacy applies, ot
attempt to trace identity by marking. Our only resource is
through statistical measure, whereby the principle of
genidentity leads to certain observable characteristics.
Reichenbach therefore loaoks at the application o f
Maxwell-EBoltzmann statistics, where, given "n” particles and "m"
states or compartments, we have “"m" to the power '"n" possible
arrangements. This 1is substantiated at the wmolecular level
through Boltzmann's analysils of gases and the consequent
derivation of measurable properties like entropy. When these
statistics are applied to quantum entities, they no longer
provide wverifiable results. In the quanitum domain, it is
recessary to categorise the space by gquantum  energy states. Tt
is illustrative to look at & trivial statistical example to
differentiate the different statistical properties of the
gquarntum  domain. Divide the space into three states to be
occupisd by two particles. Under Maxwell-Boltzmann statistics we
have nine possible arrangenents, under the premiss of material
genidentity and hence the individuation of particles. In guantum
mechanics, however, we arrive at a different total number of
arvangements. For some processes we would have only six possible
arrangements, and for other processes only three. These can be
shown to  develop from different statistical treatments of the
particles.

For the case of six arrangements we have correspondence with
Bose-Einsteln statistics which disregard the identity of
individual particles; where for example under the classical
statistics we would differentiate between the arrangement of
particle "A" in state 1 with "B" in state £, from the
arrangement of particle "B in state 1 with "A" in state 2,
Bose-Einstein statistics makes no such differentiation. Thus all
particles are indistinguishable. As an  analogy Reichenbach
suggests tossing two coins simultaneously, whereupon we wpect
one in four outcomes to give two heads, the same frequency for
two tails, and two in four owtcomes to give a head and tail
together. If Hose-Einstein statistics were to apply to this
situation we would in fact get one in three occurrences for each
of the outcomes, two heads or two tails or a head and a tail
together. We know that the coins are distinguishable, sO0 that we
would interpret the effect of & Bose-Einstein outcome as due to
a cauvsal conmection between the coins, - a mysterious action at
a distarce. Thus an  assignment of physical  identity to  a
Bose-Einstein outcomse must lead to apparent causal anomaly.

Referring back to the previous example, there are processes
which would be consistent with providing only three possible
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arrangements of two particles between three states. This would
conform to Fermi-Dirac statistics which would reguire a maximum
of one particle in any state. These statistics do not generate a
direct couwnterdiction of genidentity, but this concept leads to
a vausal anomaly of mutuwal exclusion of particles abt a distance.
Thus the qguantum formulation precludes the concept oY
genidentity unless causal anomaly is to be accepted. Only a form
ot functional identity camn be accepted in the guantum domain.

Reichenbach subssqguently sets owt  to construct an entropy
concept for guantum systems, characterising the syvstem by states
rather, as in his gas-molecular analysis, than by particles. He
thereby builds a lattice of the time—dependent development of
parallel states. The conclusions for the two different
statistical systems introduced with quarntum mechanics differ
significantly from those emploving olassical statistics when
state occupancy is dense, but are similar at relatively low
denzities. This is consistent wilth empirical observation, where
the greatest discrepancy from the Boltzmann predictions ccocur in
gases at low temperature with & limited number of ococupation
states and a correspondingly high density of occupancy.

Reichenbach’'s claim 1is that 1f we alttempt to distinguish the
identities of guantum particles, we are involved in causal
anomaly of a non-local nature.  He therefore selbs out, as in
FEQAM, to establish & descriptive language for interphenomena
that preserves genidentity whilst changing the causal anomaly to
a more manageable nature than that incurring non-locality. His
conceptual hypothesis for the interphenomena with genidentity is
that they can persist in either an "active' state cor a "frozen"
gtate in which they are unable to interact. On this basis he is
abhle to construct an interphenomenal model that does not include
non—-local causal connection. He is  able to justify this form of
Conventionalism when dealing in the interphenomenal world, and
is careful +to  aveoid accusation of suggesting a physical
hypothesis.

thie interpretation does not constitute a physical
hypothesis ... [1t] represents merely a mode of
speech. The assumptions on which it is based ... are
all true by definition. They represent conventions
o which this interpretation is based; these conventions
are admissible, because they are compatible with the
observed statistics. The interpretation shows that
whan we wish to introduce material genidentity into
gas statistics, the resulting causal anomalies are
still subjiect Lo our choice.

{Reichenbach [198&1, 26%&2)

Bas Van Fraassen, writing in Guantum Mechanics: An Empiricist
View, and commenting on Reichenbach’'s analysis of time as
applied to guantum phenomena, is clear that the concept of
identity of quantum particles canm not be sustained -
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iderntity through time-history or, in Reichenbach’s
terminology. "genidentity” -~ loses at least its
empirical significance in guantum mechanics.

(Van Fraassen [19%71]. Z0)

Me then concludes

imdividuation ... is by characteristics not
describable in guantum—mechanical terms, as well as
being empirically szuperfluous

(Man Fraassen [1991]. 432,433

Whereas Reichenbach wishes to pursue anomalies and to identify
alternative approaches to spme  overall accommodation, Van
Fraassen, & honest empiricist, provides a clear exposure that
cant be reflected back to the physicists, and  leaves the matter
thera.

In his analysis of the quantum world Reichenbach has strayed
from his thesis on the direction of time as if to partly make
amends for the brevity of his guantum analyesis in FEQM. In the

final section of the ook, however, he picks up the
interpretation of some quantum  phenomena by Stuckelberg and
Faynman, whose interpretation requires particles to move
bachwards  in timg. A particular seguence to which this
description is given would be classically described in  the
following way, — & gamma ray spontaneously generates an electron

and a positron, subsequent to which the positron quickly
collides with a second electron for both to vanish leaving only
a gamma ray. Such a series has been observed on photographs from

a Wilson cloud chamber. The Feynman description would start with
the second electron, which disappears to release a gamma ray and
a positron,  which  then travels backwards in time before

cotliding with a gamma ray to disappear and release an electron,
which then proceeds in positive time. Thus the causal anomalies
af creation from nothing and wvanishing into nothing are

@liminated, but the anomaly of reverse time direction is
introduced. Reichenbach’ s obsesrvation is that -

fia always in guantum mechanics, an exhaustive
description of interphenomena is associated with
rausal anomalies; we have merely the cheolice where
to place them.

{(Reichenbach [193&8]1, 266)

Reichenbach also observes that in the Feynman example, it is not
crly time direction which is  reversed, but time order itself is
abandonead in terms of the relations of "betweenness" of events.

Frevious analysis has related macrocosmic time direction and
causal  intervention to statistical concepts, and in a sense
these interphenomsnal  events pose no direct threat to  this
analysis, but thay challenge the fundamental concepts of time
order and genidentity. Reichenbach offers no answer to these



challenges, but recommends that —
A logical analysis of these problems is highly desirable.
His firnal conclusion is therefore -

Time appears to be a completely macrocosmic phenomenon,
which cannot be traced inte the microcosmy it is
born anew at every moment from the atomic chaos
as a statistical relationship. Strangely enough, this
origin from disorder dogs not make macrocosmic time
inferior. On the contrary, it will be seen that the
Birth from an atomic chaos endows the statistical
caosmos with & time of exactly those properties which
commonsense and everyday experience have always
regarded as intrinsic characteristics of temporal
flow. '

{(Reichenbach [195&], 269)

Reichenbach had intended to write a final chapter to this book
on the relaticnship between the subjective experience of time
with its obiective properties. His death intervened.

The Direction of Time displays the pragmatic Reichenbach in his
most conscientious analysis of causal order. Although some of
his arguments invite criticism, the thoroughness with which he
analyses the concept of determinism and the relationship between
entropy in  isolated systems following causal interaction, adds
significantly to ow understanding of temporal oaorder in the
pbiective world. The analysis is empirical, and makes no
reference to other philosophical systems, and yet underlying is
the presumption that temperal direction is & concept that is
imposed on experience. The topological order that we impose on
the time manifold is demonstrated to be inextricably connected
to the causal ordering through which we relate events in the
world.
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Chapter %

CONCLUDING REMARES

We have beesn able to  trace the develepment of Reichenbach’'s
philosophical writings from his  initial attempts to incorporate
probabilistic concepts and the relativisation of space-time into
& kantian context, through to the practical empirical analysis
he employs in The Direction of Time. Although he rejects the
logical structuwre that Kant used as a context of justification
for his transcendental method, Reichenbach has continued to
employ  the Karntisn method of investigating how empirical
knowlasdge is  derived through imposing formal order an
unstructured experience. Thus The Direction of Time is  an
analysis of the rules esmployed in determining empirical time
order and direction, and the Fhilosophic Foundations of GQuantum
Mechanics investigates the relationship between the rules we
apply to the interphenomenal world of guantum mechanics and the
rules we apply to the world of objiects of immediate experience.
Despite his rejection of the Kantian schema, Reichenbach resorts
to the rule of causal connectedness as the guiding principle
through which we form obiective knowledge. Although he dismisses
Kant's a-priori necessity for empirical causal ordering,
Feichenbach’'s uwltimate coriterion for choice between rival
scientific theories and explanations is in the degree to which
they exhibit causal connectedness. His justification is that of
the pragmatic engineer; that if we are to come to terms with the
empirical world then we need to operate on the basis of its
being orderly, that it is subject to causal connection, and that
inductive methods are our best strategy. Hilary FPutnam, in
reviewing Reichenbach’'s work, observes

I¥ we picture Reichenbach’'s system as an arch, with
the causal theory of time, ©Lthe probability theory of
causality. and the thesory of the spzcetime metric as
one side, and the theory of the epistemological
primacy of physical things and the inductive inferences
te unobhserved things and to illata as the other side,
the keystone of the arch is his celebrated pragmatic
vindication of induction.

{Futrnam [1991], 71)

Reichenbach, as emplrical philosopher, looks beyond Hume's
ascetic scepticism on the grounds that we have a need to deal
with the world, and although experience can never provide us
with urreviseable empirical truth, dinductive assessment does
give us a workable basis. He rejects kant’'s appeal to the
logical necessity for specific a-priori  principles that must
apply to knowledge, but he accepts the premiss that empilrical
knowledge only arises  through the structure we impose on
guperience, -~ and objective causal structure is a prime
requirement. The practical Reichenbach has the benefit of



developments in  mathematics and physics through the ninteenth
and early twentieth cerntury, which he can assess against fant’'s
system. He is Lthereby enabled to appreciate that the rules we
employ to structure knowledge are reviseable. He would thus
agree with David Hume that absolute and sure knowledge of the
phiective world is unattainable, but he is prepared to commit
himself to obtaining improved Jformulations of knowledge that are
useable, and thereby vindicates Kant’'s transcendental method
without, however, appealing to a logical Justification of
a~priori principles. Gernot Boehme discusses the Kantian method
in Y"Kant's Epistemology as a Theory of Alienated knowledge',

The aim of & transcendental theory of knowledge is
to comprehend the conpection between the rules of
cognition that one follows and the constitution of
an object.

{Boehme [19861., 338)

Reichenbach uwused a transcendental methodology throughout his
philosophical work, even though, influenced by Moritsz Schlick,
fe wisbhed to distinguish hiis work from neo-kKantian
scholasticism.

Wesley Salmom, in  his resume of Reichenbach’'s work in "The
Fhilosophy of Hans Reichenbach" (Salmon (ed) [19791, 1 - 84),
ohserves onn Reichenbach’'s epistemology

Since,for him, empirical verification is probabilistic
ar inductive, the way became clear to adopt a
thoroughgoing empiricism without bescoming involved
in any form of phenomenalism.

(Salmon (ed), [1979]., 45,44)

This over—-simplifies Reichenbach’'s approach, in that bhis
analyeis is always directed towards the constitutive rules
employved in concepts related to empirical description.

The two contemporary developments in philosophical method, which
reac ted to kant’'s systemn, were logical positivism and
conventionalism. Reichenbach was sympathetic with both, but was
urnable to embrace either as viable philosophical systems. His
most  cogent rejection  of logical positivism is enunciated in
Experience and Frediction whers e demonstrates that
verification of statements about empirical events cannot be
absolutely realised in  terms of simple truth or falsehood. Ay
statement about objective events carries with it concepts which
have probabilistic and predictive elements embedded in them, and
an  appeal to direct verification must presuppose either the
primacy of unstructured sense-impressions or of a directly given

ohiective realism; — both of which, Reichenbach demonstrates to
be mistaken simplifications. Differentiating his position from
- < . . w o . .

Foincare’ s converntional ism 18 rnot S0 straightforward.

Feichenbach was uneasy abouwt a philosophical system that gave
eouwal weight to alternative descriptions of realitys; that all



salf-consistent sets of conventions or coordinative definitions
are @opual ly ralic. Feichenbach offers two meEans of
discriminating bhetween scientific theories employing different
vonventions: in Fhilosophy  of Space and Time he recommends the
adoption of +the theory thalt eliminates universal forces, thus
preferring Einstein’'s Special Theory of Relativity to that of
Lorentzy; and his second criterion is that & normal scilientific
sxplanation showld conform to spatio—temporal causal ordering.
As a pragmatic transcendentalist, Reichenbach necessarily adopts
a conventionalist point of view, but as & practical engineer his
analysis aims to provide the most useful and conceptually simple
description of the worid. Althouwgh conventions are arbitrary,
the language which employs them relates to an objective world
which is nots; —

There are somg essential features of language which
are not arbitrary but which are due to the
correspondence of language with facts; the task of
philosophy i to point out these features and to show
which features of language reveal structural Teatures
of the physical world.

{(Reichenbach [19381, 271)

Thus any system of conventions which ascribes more than three
dimensions to space is gquite wrong.

Reichenbach’ s most distinctive achievemsnt 1is in  rescuing the
transcendental method from scholastic neo—Kantianism and
updating it  against the developments of twentieth century
scignce. His sducation as an  engineer prepared him as master of
modern mathematics and physical science to take account of the
impact of twentieth cemtury science on philosophy. His analysis
is  always hased on a thorough understanding of the relevant
scientific subject-matter, and his objective is to provide
complate explication of the concepts involved.

in reading Reichesnbach’'s analysis of a scientific theory, we are
being led by the enginsar with his avid thirst to understand,
and which as a boy he had expressed

true science doess oot consist of the knowledge of
a certain amount of facts and numbsrs but of the
imner appreciation for the great interconnectedness
of mature.

{(Reichenbach [19781.,v.1, 11)
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