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A B S T R A C T 

T h i s t h e s i s r e l a t e s Hans Reichenbach's philosophy of science 
b o t h t o h i s h i s t o r i c a l c o n t e x t and t o h i s i n t e r e s t i n the 
p h y s i c a l w o r l d . 

The t h e s i s begins w i t h a review of h i s l i f e , and notes the most 
s i g n i f i c a n t i n f l u e n c e s on him„ His e a r l y a m b i t i o n t o become an 
e ngineer s t i m u l a t e d i n him an a c t i v e i n t e r e s t i n understanding 
p h y s i c a l t h i n g s , and h i s enjoyment i n d i s s e m i n a t i n g what he knew 
e n t a i l e d t h a t he m a i n t a i n e d a keen i n t e r e s t i n contemporary 
i d e a s . By t h e age of twenty he had t u r n e d t o philosophy t o 
enhance h i s a p p r e c i a t i o n of s c i e n c e , and was i n f l u e n c e d by Kant 
and t h e neo-Kantian i n t e r p r e t a t i o n through E r n s t C a s s i r e r . 

His subsequent work i s concerned w i t h p r o v i d i n g p h i l o s o p h i c a l 
e x p l i c a t i o n of the? major i n n o v a t i o n s of t w e n t i e t h c e n t u r y 
s c i e n c e , and p a r t i c u l a r l y of t h e i m p l i c a t i o n s of E i n s t e i n ' s 
T h e o r i e s of R e l a t i v i t y and of Quantum Mechanics. The t h e s i s 
proceeds by summarising Kant's 3.nd C a s s i r e r ' s w r i t i n g s on the 
p h i l o s o p h y of s c i e n c e b e f o r e examining E i n s t e i n ' s t h e o r i e s . 
Subsequent c h a p t e r s analyse Reichenbach's most s i g n i f i c a n t 
p u b l i c a t i o n s i n c h r o n o l o g i c a l o r d e r , namely The Theory of 
F ^ e l a t i v i t y and A P r i o r i Knowledge (1920), The Philosophy of 
Space and Time (192 3 ) , Experience and F-'rediction (1938), 
P h i l o s o p h i c Foundations o f Quantum Mechanics (1944), and The 
D i r e c t i o n of Time (1956). The c h a pter on Quantum Mechanics i s 
i n t r o d u c e d w i t h a summary of t h e s c i e n t i f i c concepts i n t r o d u c e d 
p r i o r t o Reichenbach's w r i t i n g about them. 

A l t h o u g h he demonstrates t h e shortcomings of Kant's 
p h i l o s o p h i c a l j u s t i f i c a t i o n , the o b j e c t i v e Reichenbach s e t 
h i m s e l f t h r o u g h o u t h i s work was t o i d e n t i f y the p r i n c i p l e s t h a t 
r e g u l a t e our e m p i r i c a l knowledge. Despite? h i s c l o s e f r i e n d s h i p 
w i t h Rudolf Carnap and M o r i t s S c h l i c k , he d i f f e r e n t i a t e d h i s 
E m p i r i c i s m from L o g i c a l P o s i t i v i s m , and he r e f u s e d t o accept 
t h a t C o n v e n t i o n a l i s m c o u l d o f f e r a s a t i s f a c t o r y a n a l y s i s of 
knowledge of t h e o b j e c t i v e w o r l d . The f i n a l c hapter summarises 
th e impact of h i s w r i t i n g and h i s major c o n t r i b u t i o n t o 
p h i l o s o p h y . 
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Hans Reichenbachs Philosopher—Engineer 

INTRODUCTION 

The o b j e c t i v e o f t h i s t h e s i s i s t o t r a c e t h e development of Hans 
Reichenbach'5 p h i l o s o p h y of sci e n c e from h i s e a r l y i n f l u e n c e s 
and t h r o u g h h i s major p u b l i c a t i o n s . 

As a boy Reichenbach's a m b i t i o n s c e n t r e d on being an engineer, 
and h i s a c q u i s i t i v e search f o r knowledge was t o r e i n f o r c e h i s 
un d e r s t a n d i n g o f physicaxl t h i n g s necessary t o a p r a c t i c a l 
e n g i n e e r . As a s t u d e n t h i s i n t e r e s t s extended i n t o understanding 
the s t r u c t u r e of s c i e n t i f i c knowledge., and he became absorbed i n 
Kant's p h i l o s o p h y . With h i s un d e r s t a n d i n g of mathematics and 
p h y s i c s i n t h e e a r l y years of the t w e n t i e t h c e n t u r y , he 
recog n i s e d t h e p o t e n t i a l c h a l l e n g e o f f e r r e d by Boltsmann's 
s t a t i s t i c a l methods t o the e s t a b l i s h e d d e t e r m i n i s t i c science 
based on Newtonian p r i n c i p l e s t h a t had a l s o served as Kant's 
b a s i s of r e f e r e n c e . H i s e a r l y p h i l o s o p h i c a l work., t h e r e f o r e , 
c e n t r e d on an a t t e m p t t o r e c o n c i l e Kant's w r i t i n g s w i t h the 
c h a l l e n g e o f t w e n t i e t h c e n t u r y s c i e n c e . His l a t e r work r e f l e c t s 
t h i s r e c o n c i l i a t i o n , a l t h o u g h he can j u s t l y c l a i m t o have 
dev£?loped an e p i s t e m o l o g i c a l method of L o g i c a l E m p i r i c i s m t h a t 
i s i n f l u e n t i a l i n contemporary w r i t i n g s i n the philosophy of 
sc ience„ 

Reichenbach's p h i l o s o p h i c a l development ran p a r a l l e l t o the 
development o f l o g i c a l p o s i t i v i s m , i t s e l f a r e a c t i o n t o the 
s c h o l a s t i c t r a d i t i o n s of European p h i l o s o p h y a t the end of the 
n i n t e e n t h c e n t u r y , and he was a c l o s e f r i e n d of two members of 
the Vienna C i r c l e , - M o r i t z S c h l i c k and Rudolf Carnap. His 
i n t e r e s t i n s c i e n c e , and p h y s i c s and mathematics i n p a r t i c u l a r , 
l e d him t o g i v e p a r t i c u l a r a t t e n t i o n t o t h e two contemporary 
i n n o v a t i o n s o f major i m p o r t , - r e l a t i v i t y and quantum mechanics. 

The f i r s t t h r e e c h a p t e r s e s s e n t i a l l y p r o v i d e t h e e a r l y c o n t e x t 
f o r Reichenbach's work, b e g i n n i n g i n Chapter one w i t h a summary 
of h i s l i f e and e a r l y i n f l u e n c e s on him. The second chapter 
r e v i e w s t h e Kantian p h i l o s o p h i c a l i n f l u e n c e , and the t h i r d 
c h a p t e r examines t h e t h e o r i e s of R e l a t i v i t y which were the 
i n s p i r a t i o n f o r h i s e a r l i e s t p u b l i c a t i o n s . 

The n e x t f i v e c h a p t e r s are devoted t o an a n a l y s i s of h i s major 
w r i t i n g s i n t h e p h i l o s o p h y o f s c i e n c e . Chapter f o u r concerns h i s 
1920 p u b l i c a t i o n The Theory o f R e l a t i v i t y and A P r i o r i Knowledge 
which i s F^eichenbach •'s a t t e m p t a t d i r e c t r e c o n c i l i a t i o n of Kant 
w i t h E i n s t e i n ' s t h e o r i e s . Chapter f i v e i s devoted t o h i s f i n a l 
p u b l i c a t i o n concerned w i t h t h e p o s t - r e l a t i v i s t i c p h ysics of 
space and t i m e , - The Philosophy o f Space and Time p u b l i s h e d i n 
1928. Chapter s i x r e l a t e s t o the work t h a t g i v e s the c l e a r e s t 
e x p o s i t i o n of h i s ep i s t e m o l o g y , namely Experience and P r e d i c t i o n 
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p u b l i s h e d i n 1938, but the chapter i s i n t r o d u c e d w i t h a review 
of Reichenbach'&• i n t e r e s t i n t h e a p p l i c a t i o n of p r o b a b i l i s t i c 
c o n s i d e r a t i o n s t o e m p i r i c a l e v e n t s . Chapter seven i s i n t r o d u c e d 
w i t h a review o f the development of quantum mechanics, b e f o r e 
pro c e e d i n g t o P h i l o s o p h i c Foundations of Quantum Mechanics 
publishejd i n 1944. F i n a l l y , c h a p t e r e i g h t i s concerned w i t h 
Reichenbach's posthumous p u b l i c a t i o n The D i r e c t i o n of Time. 

The c o n c l u d i n g n i n t h c h a pter i s an o v e r a l l review of the 
p h i l o s o p h i c a l impact o f Hans f^eichenbach. 



Chapter 1 

REICHENBACH'S LIFE AND EARLY INFLUENCES 
Childhood and y o u t h 

Hans Reichenbach's c h i l d h o o d was spent i n c o m f o r t a b l e 
c i r c u m s t a n c e s i n Hamburg. He was born on 26 September 1891 as 
t h e t h i r d i n a f a i m i l y o f f i v e c h i l d r e n . 

H i s f a t h e r , Bruno, had a s u c c e s s f u l g r a i n i m p o r t i n g wholesale 
busine?5s i n which he had immersed h i m s e l f s i n c e t h e death of h i s 
own f a t h e r vjhen he was twenty t h r e e . Bruno was born i n t o a Jewish 
f a m i l y but c o n v e r t e d i n h i s t w e n t i e s t o the Reformed P r o t e s t a n t 
Church which he saw as a f u l f i l l m e n t of h i s Jewishness. His 
e a r l y p r e - o c c u p a t i o n w i t h working l i f e , which had been a 
n e c e s s i t y on h i s f a t h e r ' s death, prevented him adopting a 
s c i e n t i f i c c a r e e r , and t h i s was a source of r e g r e t . 

Hans' mother, Selma, nee Menzel, was from a f a m i l y whose 
P r o t e s t a n t h e r i t a g e wasi t r a c e a b l e back t o the Fceformation and an 
abbot Bernhard von Senden who was one of the founders of the 
E v a n g e l i c a l Reformed Church. The von Senden f a m i l y had spawned 
g e n e r a t i o n s o f d o c t o r s , clergymen, and pharmacists, and Selma's 
own mother Wendelina von Senden, grew up i n the von Senden 
Pharmacy i n Emden i n East F r i e s l a n d b e f o r e her marriage t o a 
C o n s t r u c t i o n Engineer - Hermann Mensel. Selma was p a s s i o n a t e l y 
i n t e r e s t e d i n music and b e f o r e m a r r y i n g Bruno she had been a 
s c h o o l m i s t r e s s . She generated a keen c u l t u r a l , but s u p p o r t i v e , 
f a m i l y environment f o r her f i v e c h i l d r e n . 

The household was f i n a n c i a l l y secure and t h e r e was a common 
£5ager awareness o f contemporary c u l t u r a l events d u r i n g Hans' 
boyhood. The f a m i l y members played musical i n s t r u m e n t s and 
a t t e n d e d c o n c e r t s i n Hamburg and they enjoyed a v i d d i s c u s s i o n of 
contemporary works of l i t e r a t u r e by a u t h o r s l i k e Ibsen and Shaw, 
Hans' e l d e r s i s t e r Maria was f o u r years h i s s e n i o r ; h i s b r o t h e r 
Bernhard, w i t h whom he' remained c l o s e i n h i s younger yea r s , was 
t h r e e y e a r s o l d e r ; s i s t e r Wendelina was f i v e years younger? and 
b r o t h e r Hermann was seven years younger than Hans. Comments on 
Hans as a boy d e r i v e e i t h e r from Bernhard or Wendelina, or from 
l e t t e r s or r e c o l l e c t i o n s from Hans h i m s e l f . 

Hans showed e a r l y a p t i t u d e i n both h i s t h i r s t f o r understanding 
and h i s p r a c t i c a l a b i l i t i e s . His mother would t u r n t o him t o f i x 
minor household r e p a i r s , and he adopted the r o l e of t u t o r i n 
s c i e n t i f i c u n d e r s t a n d i n g t o both h i s o l d e r b r o t h e r and younger 
s i s t e r . Based on r e c o l l e c t i o n s i t i s d i f f i c u l t t o e s t a b l i s h the 
c h r o n o l o g y of e a r l y development of Hans and h i s r e l a t i o n s h i p s 



vgith h i s s i b l i n g s , but the r e c o r d i s of a l i v e l y and precocious 
boy, i j l i v e t o t h e w o r l d and t o h i s own ego. He developed w i t h 
complete c o n f i d e n c e i n h i m s e l f and h i s a b i l i t i e s , and when very 
young e x h i b i t e d sharp t u r n s of temper when prevented from 
p u r s u i n g h i s own course of a c t i o n . Hans recognised t h i s weakness 
i n h i m s e l f and as a schoolboy succeeded i n imposing h i s w i l l t o 
cu r b h i s t a n t r u m s . T h i s quickness o f temper was a f e a t u r e he 
shared w i t h h i s f a t h e r , but i n appearance and m o t i v a t i o n he had 
i n h e r i t e d t h e c h a r a c t e r i s t i c s o f the Wenz£?l f a m i l y . C e r t a i n l y 
from t h e age o f s i x he a s p i r e d t o be an Engineer or Technician 
and he regarded h i s s c h o o l i n g as p r e p a r i n g him f o r t h a t r o l e . 

H i s a p t i t u d e f o r c o n s t r u c t i v e and coherent reasoning gave him an 
e a r l y a p p e t i t e f o r board games, and as e a r l y as f i v e years o l d 
he was a b l e t o beat h i s p a r e n t s a t checkers. When he was tw e l v e 
he was i n t r o d u c e d t o chess a t s c h o o l , and q u i c k l y e s t a b l i s h e d 
h i m s e l f as an o u t s t a n d i n g t a l e n t , but by the time he was f i f t e e n 
he had g i v e n i t up because' i t d i s t r a c t e d him from h i s s e r i o u s 
p u r s u i t of knowledge. De s p i t e t h i s apparent seriousness and 
d e d i c a t i o n t o h i s c a r e e r , r e f e r e n c e s i n d i c a t e t h a t he was a boy 
of g r e a t energy who r e l i s h e d p h y s i c a l r e c r e a t i o n . This energy 
appeared t o c h a r a c t e r i s e him t h r o u g h o u t h i s l i f e , and a l t h o u g h 
almost chubby i n appearance, he i s remembered whether as 
breather, c o l l e a g u e , or t e a c h e r , as an a c t i v e , engaging, and open 
p e r s o n a l i t y w i t h a j o y of l i v i n g and keen sense of humour. 

D e s p i t e t he r e l i g i o u s grounding of t h e f a m i l y w i t h a f a t h e r who 
had c o n v e r t e d from t h e Jewish f a i t h and a mother of s t r o n g 
P r o t e s t a n t o r i g i n s , Hans never appe^^rs t o have had any a f f i n i t y 
w i t h r e l i g i o u s s e n t i m e n t s , and h i s e x t e n s i v e recorded w r i t i n g s 
are marked by absence of r e f e r e n c e t o r e l i g i o u s concepts. His 
e a r l y i d e n t i f i c a t i o n of h i m s e l f as an engineer focussed h i s 
a t t e n t i o n on e x p l a i n i n g how t h e World of d i r e c t , experience 
works, and t h i s p r e - o c c u p a t i o n l e f t no scope f o r metaphysical 
r e l i g i o u s s p e c u l a t i o n . As a s t u d e n t i n h i s e a r l y t w e n t i e s he 
regarded t h e C a t h o l i c E s t a b l i s h m e n t as a t h r e a t t o t h e freedom 
of s t u d e n t s t o pursue o b j e c t i v e knowledge, and i n an a r t i c l e i n 
1912 i n Das N o n i s t i s c h e J a h r h u n d e r t No 16 he w r i t e s under the 
t i t l e " S t u d e n t e n s c h a f t und Katho1izismus" -

Th63 a s s e r t i o n tha^t t h e dogmas c o n t a i n t h e t r u t h 
i s t o t a l l y unproven and vague i n t h e eyes o f a 
t h i n k i n g person, who must t h e r e f o r e r e j e c t 
them as c o m p l e t e l y u n s c i e n t i f i c . For Science 
d e s i r e s c o h e r e n t knowledge? what i s known 
th r o u g h s o - c a l l e d s u p e r n a t u r a l means i s not 
worthy of b e a r i n g i t s name. 

(Reichenbach C19783,v.l, 105) 

His d i s d a i n as an engineer f o r r e l i g i o u s concepts, however, 
d i d n ' t exte^nd t o h i s f e e l i n g f o r p o l i t i c a l i s s u e s , and through 
h i s l a t e r y e a r s i n Hochschule and thr o u g h o u t h i s s t u d e n t years 
he was a c t i v e l y i n v o l v e d i n i s s u e s r e l a t i n g t o i n d i v i d u a l 
freedom. His a c t i v e p a r t i c i p a t i o n w h i l s t a t school began w i t h 



t h e "Wandervoge 1" whose creed was a r e a c t i o n a g a i n s t thp 
c o n s t r a i n e d and o v e r - s p e c i f i e d system of ed u c a t i o n i n Germany. 
At t he age of e i g h t e e n i n a review o f h i s years a t s c h o o l , 
Reichenbach w r i t e s -

To be s u r e , I have learned much, very much 
i n s c h o o l , but I have a l s o l o s t a l o t . School 
does n o t end w i t h t he i n s t r u c t i o n p e r i o d a t 
2 p.m., but because of the homework i t takes 
up t he b e t t e r p a r t of the a f t e r n o o n . The 
wo r s t o f i t i s t h a t homework i s p r e c i s e l y 
p r e s c r i b e d . .... I must c r i t i c i s e t h i s pressure 
which i s c o n s t a n t l y being e x e r t e d on the mind. 
Wouldn't i t be much b e t t e r i f , a t home, the 
s t u d e n t c o u l d do the k i n d of work he r e a l l y 
likes'? 

(Reichenbach C1978],v.l, 12) 

The "Wandervogel" movement i n c o r p o r a t e d t h i s r e a c t i o n t o the 
encroachment of t h e S t a t e Education System on the t o t a l l i f e of 
young people, but i t was n o t a c t i v e l y r e v o l u t i o n a r y , r a t h e r a 
means of w i t h d r a w l . Thus h i k i n g groups were formed which went 
o f f i n t o t he c o u n t r y s i d e , and camps were o r g a n i s e d . Qf course 
o l d e r g e n e r a t i o n s of Germans d i d not r e a c t t o t h i s as a t h r e a t 
t o the? e s t a b l i s h e d o r d e r , p e r c e i v i n g i t as a wholesome German 
t r a d i t i o n of " d i e Gesundheit". The c u l t u r e t h a t developed i n the 
e a r l y years o f the 1900's i n v o l v e d a mystique of f e l l o w s h i p of 
young people, f r e e from e x t e r n a l c o n s t r a i n t s , and w i t h a common 
enjoyment of n a t u r a l t h i n g s . As the movement became more 
e s t a b l i s h e d , however, d i v e r s i f i c a t i o n o ccurred and n a t i o n a l i s t i c 
s e n t i m e n t s dev£?loped, as d i d the b e l i e f t h a t t he movement should 
be more p r o - a c t i v e i n changing t h e e s t a b l i s h e d o r d e r . 

There? i s no r e c o r d o f what Hans Reichenbach expected o f the 
"Wandervogel", nor of the e x t e n t of h i s inv o l v e m e n t , o n l y t h a t 
he was i n v o l v e d , and t h i s i s e n t i r e l y c o n s i s t e n t w i t h h i s 
b e l i e f s and energy. The antagonism towards i n t e l l e c t u a l 
d i s c i p l i n e s t h a t developed w i t h i n the movement would n o t , 
however, have met w i t h h i s a p p r o v a l . His r e a c t i o n a g a i n s t the 
system of e d u c a t i o n v̂ gas t h a t i t i n h i b i t e d h i s o p p o r t u n i t i e s f o r 
e x t e n d i n g and d e v e l o p i n g h i s own i n t e l l e c t u a l p u r s u i t s . L a t e r , 
a t U n i v e r s i t y , he was t o apply h i s energy t o the " F r e i e 
S t u d e n t e n s c h a f t " , whose aims were t o develop o p p o r t u n i t i e s f o r 
l i b e r a l i n t e l l e c t u a l development f o r s t u d e n t s . 

Hans Reichentaach l e f t Highschool i n 1909 a t the age of e i g h t e e n . 
He had had a d i s t i n g u i s h e d school r e c o r d and was a t the top of 
h i s c l a s s i n a l l s u b j e c t s . H i s passion was f o r mathematics and 
sci€?nce -

The g r e s i t e s t j o y I d e r i v e d from lessons i n 
mathematics and n a t u r a l s c i e n c e s . ... o n l y 
s i n c e I have known of a n a l y t i c geometry, 
d i f f e r e n t i a l and i n t e g r a l c a l c u l u s , have I 



understood why mathematics i s of such 
tremendous importance f o r t h e t e c h n i c a l s c i e n c e s . 
In Chemistry and Physics c l a s s e s I learned t h a t 
t r u e s c i e n c e does not c o n s i s t o f the knowledge 
of a c e r t a i n amount of f a c t s and numbers but of 
the i n n e r a p p r e c i a t i o n f o r the g r e a t 
i n t e r c o n n e c t e d n e s s o f n a t u r e . 

(Reichenbach [ 1 9 7 8 ] , v . 1 , 11) 

But he had d e r i v e d g r e a t s t i m u l a t i o n from h i s s t u d i e s i n German 
l i t e r a t u r e and f o r e i g n languages -

here d i d I leearn t o speak French and E n g l i s h 
f l u e n t l y , and, above a l l , t o graisp the s p i r i t 
o f these languages . ... Goethe and S c h i l l e r 
became no b l e men t o me .... I got an idea of the 
monumental i n t e l l e c t u a l s t r u g g l e s of humanity. 

(Reichenbach C i 9 7 8 ] , v . l , 11) 

Student years 

In 1910 and 1911 Hans s t u d i e d E n g i n e e r i n g a t the Technische 
Hochschule i n S t u t t g a r t , t h e n a t u r a l dev6?lopment of h i s 
a m b i t i o n s . But -• 

During t h i s t i m e I f i r s t r e a l i s e d t h a t my 
i n t e r e s t s were p r e d o m i n a n t l y t h e o r e t i c a l . 

(Reichenbach C1978],v.l, 1) 

Reichenbach had been f r e e d from t he narrow c o n s t r a i n t s of 
t r a d i t i o n a l German s c h o o l i n g about which he had complained, and 
i n r e a d i n g beyond what was r e q u i r e d o f an Engineer he stumbled 
on o t h e r i n f l u e n c e s , p a r t i c u l a r l y Boltsmann and Kant. He decided 
t o abandon t h e s u b j e c t t o which he had seemed p r e - d e s t i n e d and 
went t o t h e U n i v e r s i t y of Munich i n 1911 t o study Mathematics, 
P h y s i c s , and P h i l o s o p h y . A l t h o u g h i t was t o the Philosophy t h a t 
he looked f o r " t h e i n n e r a p p r e c i a t i o n f o r t h e g r e a t 
i n t e r c o n n e c t e d n e s s o f n a t u r e " , he found t h a t t r a d i t i o n a l 
p h i l o s o p h y as t a u g h t i n U n i v e r s i t i e s was -

i n e x a c t and t o o l i t t l e connected w i t h t h e 
n a t u r a l s c i e n c e s 

(Reichenbach C1978],v.l, 1) 
and 

I was n o t too i n t e r e s t e d i n h i s t o r i c a l p h i l o s o p h e r s ; 
I read some of them w i t h g r e a t r e s p e c t , such as 
Descartes and Spinoza; y e t , my own p h i l o s o p h i c a l 
work always r e l a t e d d i r e c t l y t o p h y s i c a l problems 
w i t h o u t c o n s i d e r a t i o n f o r h i s t o r i c a l c o n n e c t i o n s . 

(Reichenbach [1978.1,v.1, 1) 

He was discippoin t e d i n the approach of the t e a c h i n g 



p h i l o s o p h e r s , and had r e s p e c t o n l y f o r E r n s t von Aster a t 
Munich. A s t e r had a p a r t i c u l a r i n t e r e s t i n E n g l i s h philosophy 
and i n p a r t i c u l a r Locke? and Hume. In h i s book on the h i s t o r y of 
E n g l i s h p h i l o s o p h y p u b l i s h e d l a t e r i n 1931, As t e r s p e c i f i c a l l y 
c r e d i t s these p h i l o s o p h e r s as "having promoted the s t a n d p o i n t of 
e m p i r i c i s m " and proceeds -

s o b r i e t y and c l a r i t y , a c l a r i t y which r e p u d i a t e s 
n o t h i n g so keenly as i n c o m p r e h e n s i b i l i t y and 
o b s c u r i t y masquerading as p r o f u n d i t y , a s o b r i e t y 
which wishes t o see t h i n g s o n l y as they 
r e a l l y are 

T h i s i s a p h i l o s o p h y of d i r e c t appeal t o a young engineer. 

A s t e r , however, was influe?nced p r i m a r i l y by Kant, and averred 
t h a t t h e "Knowable" had t o be s t r u c t u r e d . He was t h e r e f o r e 
concerned f o r a v a l i d p h i l o s o p h i c a l f o u n d a t i o n f o r scienc e . 

In a d d i t i o n t o h i s s t u d i e s a t Munich the young and r e s t l e s s 
Reichentaach a l s o spent some time a t the U n i v e r s i t y of B e r l i n . 
Evidence f o r t h i s appears i n a l e t t e r t o h i s o l d e r b r o t h e r 
Bernhard w r i t t e n i n November 1911. In the l e t t e r he advocates t o 
Bernhard what r e a d i n g he should undertake as an i n t r o d u c t i o n t o 
th e w r i t i n g s o f the major p h i l o s o p h e r s . He a l s o mentions t h a t he 
i s a t t e n d i n g a seminar o r g a n i s e d by t h e p h y s i c i s t Max Planck -

I bette?r h u r r y and g e t t o bed; o t h e r w i s e 
I won't be a b l e t o pay enough a t t e n t i o n i n 
Planck's seminar. 

(Reichenbach [ 1 9 7 8 ] , v . 1 , 15) 

I t i s h i g h l y p robable t h a t w h i l s t i n B e r l i n a t t h i s t i m e , he 
a l s o encountered t he t e a c h i n g of E r n s t C a s s i r e r , C a s s i r e r was 
c e r t a i n l y an i n f l u e n c e on the young Reichenbach's e a r l y s t u d i e s 
of p h i l o s o p h y , as he w r i t e s i n h i s a u t o b i g r a p h i c a l memoirs i n 
1932 -

The p h i l o s o p h e r s Von A s t e r , i n Munich, and 
Cassire?r, th£?n a t E i e r l i n , however were e x c e p t i o n s ; 
they showed u n d e r s t a n d i n g of the problems of 
n a t u r a l p h i l o s o p h y and were encouraging and 
stimulating„ 

(Reichenbach [ 1 9 7 8 ] , v . 1 , 1) 

C a s s i r e r was deeply rootg?d i n the p h i l o s o p h y o f Kant, and, 
ac t i v e s l y i n t e r e s t e d i n the sc i e n c e of the l a t e n i n t e e n t h and 
e a r l y t w e n t i e t h c e n t u r i e s , he worked t o a s s i m i l a t e the new ideas 
i n t o a K a n t i a n framework. 

At some stage between 1911 and 1915, Reichenbach's i n t e r e s t i n 
mathematics took him t o the U n i v e r s i t y of Qo t t i n g e n where he 
at t e n d e d l e c t u r e s g i v e n by the mathematician, David H i l b e r t . At 
t h i s t i m e t he Mathematics department t h e r e was o u t s t a n d i n g , and 
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had i n c l u d e d l e a d i n g p r a c t i t i o n e r s l i k e Minkowski and 
K l e i n . H i l b e r t had been r e s p o n s i b l e f o r d e v e l o p i n g a general 
system of Geometrical axioms from which the t r a d i t i o n a l 
E u c l i d e a n model c o u l d be regarded as a s p e c i a l case. 
Reichenbach was l a t e r t o make use of the H i l b e r t f o r m a l i s m i n 
h i s a n a l y s i s of Space p o s t - E i n s t e i n . 

Reichenbach s t u d i e d Kant w i t h c a r e , and Boltzmann, w i t h h i s 
s t a t i s t i c a l approach t o the K i n e t i c Theory of Gases. This e a r l y 
f a s c i n a t i o n w i t h a p r o b a b i l i s t i c assessment as a basis f o r a 
p h i l o s o p h i c a l a p p r e c i a t i o n of the n a t u r a l sciences i s a 
r e c u r r e n t theme t h r o u g h o u t h i s l i f e , and h i s d i s s e r t a t i o n i n 
1915 -

"Der B e g r i f f der W a h r s c h e i n 1 i c h k e i t f u r d i e 
Mathematische D a r s t e l l u n g der W i r k 1 i c h k e i t " 

concerned t h e a p p l i c a t i o n of the laws of p r o b a b i l i t y t o 
s c i e n t i f i c knowledge. S t r o n g l y i n f l u e n c e d a t t h i s time by the 
work of Kant, he used a Kantian approach t o s e t a c o n t e x t f o r 
what was contemporary P h y s i c s . He c o u l d f i n d no teacher who was 
i n t e r e s t e d i n these problems and t h e r e f o r e produced the 
d i s s e r t a t i o n w i t h o u t guidance and s u b m i t t e d i t i n the U n i v e r s i t y 
of E r l a n g e n , which awarded him h i s D o c t o r a t e . T h i s d i s s e r t a t i o n 
comprised a mathemaitica 1 s e c t i o n on p r o b a b i l i t y t h e o r y f o l l o w e d 
by an e p i s t e m o l o g i c a l a n a l y s i s , and a t Erlangen he had been able 
t o f i n d a P h i l o s o p h e r and a Mathematician who between them were 
a b l e t o accept i t . 

T h i s d i s s e r t a t i o n i s t h e o n l y p u b l i s h e d work by Reichenbach on 
h i s P h i l o s o p h i c a l work p r i o r t o 1919, taut he generated many 
puhDlished i t e m s i n c o n n e c t i o n w i t h h i s r o l e i n the " F r e i e 
S t u d e n t e n s c h a f t " , and a view of the whole man r e q u i r e s an 
e x a m i n a t i o n of h i s r o l e i n t h i s o r g a n i s a t i o n i n the years 
between 1911 and 1919. Much can be o b t a i n e d from h i s own 
p u b l i c a t i o n s , but a l s o from reminiscences from s t u d e n t 
c o l l e a g u e s C a r l and H i l d e Landauer. 

The F r e i e S t u d e n t e n s c h a f t o r i g i n a t e d around 1900 and was a c t i v e 
i n s e v e r a l U n i v e r s i t i e s by the time Hans Reichentaach became 
i n v o l v e d i n 1911. T h i s was a m i n o r i t y s t u d e n t o r g a n i s a t i o n which 
had developed c o u n t e r t o t h e p r e v a i l i n g campus o r g a n i s a t i o n , -
the? K o r p o r a t i o n e n . The Kor p o r a t ionen r e f l e c t e d the v a l u e s of the 
C-Berman F<eich, and were c o n s e r v a t i v e , s o c i a l l y e x c l u s i v e 
f r a t e r n i t i e s , and a n t i - s e m i t i c . Whereas t h e Korporationen 
regarded the; U n i v e r s i t y p r i m a r i l y as an I n s t i t u t i o n of the 
Reich, t h e F r e i e S t u d e n t e n s c h a f t p e r c e i v e d i t as a community of 
s t u d e n t s and t e a c h e r s , opposed t o a l l r e s t r i c t i o n s of academic 
freedom w i t h equal r i g h t s f o r a l l students,, A s s e r t i n g t h i s i n 
1912, Reichenbach w r i t e s -

t h e t r u e academic freedom i s t h e freedom t h a t 
makes one's w i l l ths supreme a u t h o r i t y . ... 
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I f I come t o a c o n c l u s i o n t h a t c o n t r a d i c t s 
ancie^nt t r a d i t i o n s or even dogmas, I w^^nt the 
r i g h t t o advocate my view ....... The s t u d e n t ' s 
most p r e c i o u s possession i s h i s freedom . ... 
"the s t u d e n t " i s s t i l l a dream of the f u t u r e . Yet 
we can come c l o s e r t o t h e goal ~ i f we f i g h t f o r i t . 

(Reichenbach [ 1 9 7 8 ] , v . 1 , 103) 

Hans Reichenbach's e a r l i e r a s s o c i a t i o n w i t h the Wandervogel 
sho u l d have d i r e c t e d him i n t o the Akademische F r e i s c h a r , which 
was t h e U n i v e r s i t y branch o f t h e Wandervogel movement. The f a c t 
t h a t he? d i d n o t become involvesd w i t h t h i s i s probably due t o the 
i m p o s s i b i l i t y o f r e c o n c i l i n g t h e Wandervogel philosophy w i t h a 
U n i v e r s i t y environment. C e r t a i n l y t he F r e i s c h a r movement lacked 
a p o s i t i v e d i r e c t i o n , d e r i v i n g as i t d i d from a movement whose 
tendency was t o b e l i t t l e academic development. 

The F r e i e S t u d e n t e n s c h a f t , as a democratic s e l f - h e l p 
o r g a n i s a t i o n , spawned c i r c l e s o f f r i e n d s o r g a n i s e d i n d i s c u s s i o n 
groups. I n Munich, Reichentaach was i n v o l v e d i n an earnest group 
which o r g a n i s e d i t s own l e c t u r e s and a c t i v e l y debated and 
s t u d i e d academic and s o c i a l i s s u e s . The group i n c l u d e d lawyers, 
economists, and h i s t o r i a n s , and i n Hans i t l i n k e d i n t o the 
p h y s i c a l s c i e n c e s , mathematics, and p h i l o s o p h y . As r e p o r t e d by 
C a r l Landauer, t h e group was p r e v a i l i n g l y r a t i o n a l i s t i c , - a p a r t 
from Hans who had a "romantic s t r e a k " . The group met p r a c t i c a l l y 
every day t h r o u g h t h e years 1911 t o 1913. S u b j e c t s of c o n t i n u i n g 
debate i n c l u d e d a n a l y s i s of t e a c h i n g methods, the r o l e of the 
f a m i l y as e i t h e r s h a c k l e or l i b e r a t o r of i n d i v i d u a l development, 
and the-? e f f e c t of t h e C a t h o l i c Church as an impediment t o 
Research. On a i l such t o p i c s Hans Reichenbach was committed t o 
th e r a d i c a l view which puts i n d i v i d u a l freedom and development 
above a l l s o c i a l and E s t a b l i s h m e n t i n s t i t u t i o n s . I n h i s paper of 
1912 " S t u d e n t e n s c h a f t und K a t h o l i z i s m u s " he a s s e r t s -

From t h e b e g i n n i n g , t h i s o r g a n i s a t i o n [ F r e i e 
S t u d e n t e n s c h a f t ] has supported a c e r t a i n form 
of s t u d e n t e d u c a t i o n , demanding t h a t every 
s t u d e n t become f a m i l i a r v j i t h every p o i n t of 
view, t h a t he develop h i s own p o i n t o f view i n 
the b a t t l e o f minds, independent of every a l i e n 
a u t h o r i t y . 

(Reichenbach [ 1 9 7 8 ] , v . 1 , 106) 

F u r t h e r than t h i s , he opposes the r i g h t o f membership t o 
C a t h o l i c s t u d e n t s w i t h t h e i r i n a b i l i t y t o pursue u n f e t t e r e d 
i n t e l l e c t u a l e n q u i r y , and a f f i r m s t h a t -

the movement u r g e n t l y needs t o l i m i t t h e r i g h t t o 
v o t e and t o take a c l e a r p o s i t i o n w i t h a f i r m l y 
d e l i n e a t e d programme; .....May the Free Students 
succeed i n c a r r y i n g o u t t h e i r c u l t u r a l m i s s i o n 
d e s p i t e i n t e r n a l and e x t e r n a l enemies. 

(Reichenbach [ 1 9 7 3 ] , v . l , 107) 

- 9 



I n 1913, t o g e t h e r w i t h F-reie S t u d e n t e n s c h a f t c o l l e a g u e s C a r l 
Landauer and Hermann Kranold he p u b l i s h e d what he described as 
an a t t e m p t t o s y n t h e s i s e t he Philosophy o f the Movement, as "The 
Free Student Ideas i t s U n i f i e d Contents". The s t y l e and 
s e l f - c o n f i d e n c e o f t h i s document are d i s t i n c t i v e l y 
Reichejnbach' s 5 and n o t o n l y does t h i s draw t o g e t h e r a coherent 
s t a t e m e n t o f h i s s o c i a l views, but i t uses the p h i l o s o p h i c a l 
methodology t h a t he employed i n l a t e r work on the Philosophy of 
Ph y s i c s . 

He begins w i t h a statement of t h e "Moral I d e a l " of the F r e i e 
S t u d e n t e n s c h a f t and looks a t the o r i g i n s of the movement, where 
the concept of such a s p e c i f i c i d e a l was not a conscious i s s u e . 
He i n e f f e c t , but w i t h o u t u s i n g t h e t e r m i n o l o g y , e x p l a i n s t he 
I d e a l of the Movement i n terms of "The Context of J u s t i f i c a t i o n " 
as opposed t o an e x p l a n a t i o n from "The Context of Discovery", -
ideas he used l a t e r i n a n a l y s i s of t h e o r i e s i n p h y s i c s . As i n 
h i s l a t e r work he s e l f - c o n f i d e n t l y p r e s e n t s h i s a n a l y s i s as a 
d e f i n i t i v e s t a t e m e n t -

That a c u l t u r a l movement r e q u i r e s f i f t e e n years 
.. t o develop and c l a r i f y i t s p h i l o s o p h i c a l 
f o u n d a t i o n s does n ot t e l 1 i n any way a g a i n s t the 
v a l u e o f t h a t movement., Cin the c o n t r a r y , t h a t 
a c t i o n r e s t i n g upon c e r t a i n d e f i n i t e v a l u e s 
precedes a c l e a r r e c o g n i t i o n of these v a l u e s , ... 
Vet t h a t does n o t mean t h a t a c l e a r f o r m u l a t i o n 
o f one's own v o l i t i o n a l d e c i s i o n i s unnecessary. 

(Reichenbach [ 1 9 7 8 ] , v . 1 , 108) 

The I d e a l t h a t he draws up i s -

The supreme moral i d e a l i s e x e m p l i f i e d i n the 
person who determines h i s own v a l u e s f r e e l y and 
i n d e p e n d e n t l y of o t h e r s and who, as a member of 
s o c i e t y , demands t h i s autonomy f o r a l l members 
and of a l l members. 

(Reichenbach [ 1 9 7 8 ] , v . 1 , 109) 

He i s t h u s n o t p r e s c r i b i n g a s p e c i f i c creed or s e t of values 
t h a t 3.n i n d i v i d u a l ought t o adopt, but r a t h e r t h a t each must 
f r e e l y choose a s e t of v a l u e s and c o n s i s t e n t l y f o l l o w them i n 
complete freedom. He th e r e b y d e f i n e s immoral behaviour as -

an i n c o n s i s t e n c y between goal and a c t i o n . To f o r c e 
a person t o commit an a c t t h a t he h i m s e l f does not 
c o n s i d e r r i g h t i s t o compel him t o be immoral . 

(Reichenbach [1978-J,v.l, 110) 

Thus the task f o r the F r e i e S t u d e n t e n s c h a f t i s d e f i n e d as -

t o educate s t u d e n t s t o t h e acceptance of t h i s 
e t h i c a l i d e a l . ... The e d u c a t i o n a l work of the 
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F'ree Students ought t o c u l m i n a t e i n the s u c c e s s f u l 
r a i s i n g of f r e e , s e l f - d e t e r m i n i n g people w i t h i n 
t h e s t u d e n t body, 

(Reichenbach [ 1 9 7 8 ] , v . 1 , 110) 

F o l l o v j i n g t h i s i s presented a r a d i c a l programme t o reform 
s t u d e n t l i f e w i t h i n the U n i v e r s i t y , and i n c l u d i n g , -
o r g a n i s a t i o n of open l e c t u r e s ; l e c t u r e s by prominent p u b l i c 
f i g u r e s o t h e r than academics; mutual p r o v i s i o n t o support poorer 
s t u d e n t s ; work by s t u d e n t s i n the community and, i n p a r t i c u l a r , 
i n t h e j u v e n i l e c o u r t s and i n workers' e d u c a t i o n ; the r i g h t of 
l e c t u r e r s t o d e c l a r e t h e i r p o l i t i c a l c o n v i c t i o n s as w e l l as 
a l l o w i n g S o c i a l Democrats t o become l e c t u r e r s ; mutual d i s c u s s i o n 
of t e a c h i n g methods and t i m e t a b l e s between teachers and 
s t u d e n t s ; r e f o r m of the s t u d e n t d i s c i p l i n a r y system; and, 
f i n a l l y , t he i d e a l of a g e n e r a l s t u d e n t committee t o r e g u l a t e 
the a f f a i r s of t h e U n i v e r s i t y , 

Reichentaach i s seen i n t h i s a r t i c l e as an i n d e f a t i g u a b l e 
p o l i t i c i a n . A f u r t h e r p u b l i c a t i o n of h i s a t t h i s time "Why do we 
advocate P h y s i c a l C u l t u r e ? " a f f i r m s the v a l u e of p h y s i c a l 
e x E ' r c i s e , w i t h p a r t i c u l a r emphasis on h i k i n g . In 1914 i n h i s 
a r t i c l e "The Meaning of U n i v e r s i t y Reform" he pleads t h a t the 
U n i v 6 ? r s i t y -

must be t h e s p i r i t u a l home of the s t u d e n t body. 

(Reichenbach [ 1 9 7 8 ] , v . 1 , 131) 

and t h a t U n i v e r s i t y i s the p l a c e -

i n which s c i e n c e can f i n d i t s ultimeste f u l f i l l m e n t 
For Reichenbach a U n i v e r s i t y i s a f r e e I n s t i t u t i o n open t o a l l 
i d e a s , whose r o l e i s u n f e t t e r e d p u r s u i t of u n d e r s t a n d i n g . 
S t u d e n t s a t t e n d i n g are f r e e t o make t h e i r own d e c i s i o n s on what 
s t u d i e s they pursue, and the t e a c h i n g s t a f f are t h e r e i n support 
of t h i s . 

P o s t — q r a d u a t e 

F o l l o w i n g p r e s e n t a t i o n of h i s D o c t o r a l D i s s e r t a t i o n i n Erlangen 
i n 1915, Reichentaach was c a l l e d i n t o m i l i t a r y s e r v i c e i n the 
Army and was deployed i n t h e S i g n a l Corps on the Russian F r o n t . 
He vie?wed the war as a t r a g e d y and wrote ~ 

t h a t s c i e n t i f i c - m i n d e d people have the p a r t i c u l a r 
d u t y t o f i g h t t he s p i r i t which breeds such 
c a t a s t r o p h e s f o r humanity. 

(Reichenbach [ 1 9 7 8 ] , v . l , 2) 

He l e a r n e d the p r i n c i p l e s of r a d i o technology, but became 
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s e r i o u s l y i l l a f t e r .2 1/2 years and was t r a n s f e r r e d from a c t i v e 
d u t y . 

He r e t u r n e d t o B e r l i n where he supported h i m s e l f from 1917 t o 
1920 by w o r k i n g f o r a f i r m s p e c i a l i s i n g i n r a d i o technology. 
H i s fath(-:r d i e d i n 1918, l e a v i n g him e n t i r e l y s e l f - s u p p o r t i n g , 
and he became D i r e c t o r o f the Loudspeaker L a b o r a t o r y . Despite 
t h i s work he a t t e n d e d l e c t u r e s a t the U n i v e r s i t y where he 
s t u d i e d P h ysics under Planck and Kantian Philosophy under 
C a s s i r e r . He was accepted i n t o the " K a n t g e s e l I s c h a f t " e a r l y i n 
1918. 

The R e v o l u t i o n i n Germany a t the end of the War brought t o g e t h e r 
s t u d e n t s i n I-Jerlin w i t h a v a r i e t y o f S o c i a l i s t views. Hans 
Reichentaach was i n s t r u m e n t a l i n c o i ^ l e s c i n g t h i s group i n t o 
"The S o c i a l i s t Student P a r t y B e r l i n " -*SSPB. "He was e l e c t e d 
Chairman and s e t o u t the P l a t f o r m Statement i n " P l a t f o r m of the 
S o c i a l i s t S t u d e n t s P a r t y " , w i t h t h r e e main o b j e c t i v e s , - t o seek 
the c o o p e r a t i o n of every c i t i z e n i n b r i n g i n g about s o c i a l i s m 
w i t h i n the S t a t e ; t o c o n v e r t the i n t e l l e c t u a l c l a s s t o 
s o c i a l i s m ; and t o r e f o r m t he U n i v e r s i t y along s o c i a l i s t l i n e s . 
The two developments on h i s ideas from h i s days i n the F r e i e 
S t u d e n t e n s c h a f t were, - h i s a d o p t i o n rjf t he s o c i a l i s t i d e a l as a 
means of a v o i d i n g war brought about by c o n f l i c t s i n the 
c a p i t a l i s t system; and t h a t e d u c a t i o n should be s t r u c t u r e d from 
school t h r o u g h t o U n i v e r s i t y t o enable s t u d e n t s t o proceed on 
grounds of competence r a t h e r than w e a l t h . The programme, 
however, was accepted by o n l y a s m a l l m i n o r i t y of s t u d e n t s and 
b e f o r e t h e end of 1919 i t had e f f e c t i v e l y petered o u t . 

Thus i n 1919 Reichentaach i s anchored i n B e r l i n , a young man of 
2S, secure i n a r e s p o n s i b l e and t e c h n i c a l j o b , and p a s s i o n a t e l y 
concerned w i t h i s s u e s of personal freedom and a s o c i a l i s t 
s o c i e t y . I t i s an i n t e r e s t i n g s p e c u l a t i o n whether he iti i g h t not 
have developed from here as a p o l i t i c a l animal as a shaping 
i n f l u e n c e towards t he S o c i a l Democratic P a r t y t h a t emerged a f t e r 
t h e Second World War. I t appears t h a t the events which led him 
away from t h e p o l i t i c a l l i f e were the l e c t u r e s on R e l a t i v i t y by 
E i n s t e i n , which Reichenbach attended i n 1919. C e r t a i n l y , from 
then on t h e r e a r e no r e c o r d s o f p u b l i c a t i o n s by him on p o l i t i c a l 
i s s u e s , and over t he n e x t f o u r years the papers he publisheod 
were e i t h e r d i r e c t l y r e l a t e d t o h i s p h i l o s o p h i c a l e x p l i c a t i o n s 
of R e l a t i v i t y o r were r e l a t e d t o h i s e a r l i e r work on a p p l y i n g 
p r o b a b i l i t y c o n s i d e r a t i o n s t o s c i e n c e . 

Teacher and P h i l o s o p h e r i n ' S t u t t g a r t 

In 1920 Reichenbach moved s q u a r e l y back i n t o Academia; he gave 
up h i s j o b i n the Loudspeaker F a c t o r y and accepted a Post a t the 
Technische Hochschule i n S t u t t g a r t as Docent. This e n t a i l e d h i s 
being accepted as an u n s a l a r i e d t e a c h e r , paid d i r e c t l y f o r the 
l e c t u r i n g he a c t u a l l y d i d . Hans Reichenbach brought i n t o p l a y 
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h i s complete p o r t f o l i o o f t e c h n i c a l knowledge, l e c t u r i n g on 
t e c h n i q u e s of p h y s i c a l measurement, w i r e l e s s t e l e g r a p h y , 
r e l a t i v i t y , and p h i l o s o p h i c a l t o p i c s . He remained f o r s i x years 
i n S t u t t g a r t , d u r i n g which time he was appointed Associate 
P r o f e s s o r of P h i l o s o p h y . In 1924 he made a few notes on h i s 
s i t u a t i o n as an u n s a l a r i e d t e a c h e r . Whether he has been caught 
i n a moment of s e l f - p i t y , or whether, a t the age of 
t h i r t y - t h r e e , he i s b e g i n n i n g t o yearn f o r the acknowledgement 
of t h e e s t a b l i s h m e n t , i s u n c l e a r , taut the f o r c e f u l r a d i c a l 
w r i t i n g o f h i s F r e i e S t u d e n t e n s c h a f t and SSPB days i s not 
e v i d e n t . Thus he w r i t e s -

A worker once t o l d mes " I f I had learned as 
much as you, I would n o t work f o r t h i s s a l a r y . " 
He d i d n o t know t h a t one does not work f o r the 
s a l a r y but i n spite of the s a l a r y . 

(Reichenbach [ 1 9 7 8 ] , v , l , 25) 

A s i g n i f i c a n t event had o c c u r r e d , however, which may have 
r e - a l i g n e d h i s r e l a t i o n s h i p s w i t h t he s o c i a l World; i n 1921 he 
had m a r r i e d a teacher E l i s a b e t h Lingener. I t i s d i f f i c u l t t o be 
p r e c i s e about t h e a c t u a l year of marriage; 1921 i s the year 
r e p o r t e d by Wesley Salmon i n h i s b i o g r a p h i c a l s k e t c h , but 
R:eichentaach h i m s e l f r e f e r s t o t h i s i n h i s " A u t o b i o g r a p h i c a l 
Sketches f o r Academic Purposes" i n 1932 whe3n t a l k i n g about h i s 
work i n B e r l i n between 1917 and 1920 -

I directe?d t h e loud-speaker l a b o r a t o r y of t h i s 
f i r m . I a l s o g o t m a r r i e d . Soon t h e r e a f t e r , my 
f a t h e r d i e d and f o r the time being I c o u l d n o t 
g i v e up my e n g i n e e r i n g p o s i t i o n because I had t o 
earn a s a l a r y i n o r d e r t o p r o v i d e f o r my w i f e 
and m y s e l f . 

(Reichenbach [ 1 9 7 8 ] , v . 1 , 2) 

Reichenbach's a u t o b i o g r a p h i c a l notes are not e n t i r e l y c o n s i s t e n t 
i n d a t i n g e vents i n o t h e r d e t a x i l s , as they appear t o be 
p r i m a r i l y a r e c o r d o f t h e development of h i s t h i n k i n g , whereas 
Wesley Salmon demonstrates g e n e r a l c o n s i s t e n c y - (Salmon (ed) 
[ 1 9 7 9 ] , 3 - 1 0 ) . The c o m b i n a t i o n of circumstances given by 
Reichenbach i n t h i s e x t r a c t a t l e a s t i n d i c a t e s t h a t w h i l s t s t i l l 
i n B e r l i n he was t a k i n g the r e s p o n s i b i l i t y f o r s u p p o r t i n g 
E l i s a b e t h , i f n o t a c t u a l l y m a r r i e d t o her. What i s known about 
fcilisabeth a t t h i s t i m e i s t h a t she a l r e a d y had a c h i l d ( n o t 
Reichenbach's), and t h a t , a c c o r d i n g t o Reichenbach's 
s i s t e r - i n - l a v j I l s e Reichentaach, - w i f e of Bernhard Hans had 
begged t h a t t h e c h i l d l i v e w i t h them; but E l i s a b e t h had 
r e f u s e d , - a d e c i s i o n she l a t e r r e g r e t t e d . 

Hans Fieichenbach and E l i s a b e t h had two c h i l d r e n , - Hans Galama 
born i n 1922 and E l i s a b e t h A u s t i n ( J u t t a ) born i n 1924, The 
m a r r i a g e appears t o have been beset w i t h d i f f i c u l t i e s from i t s 
e a r l i e s t y e a r s . E l i s a b e t h had no i n t e r e s t i n Hans' work, which 
of course was h i s l i f e ' s o bsession. He appears t o have a l i e n a t e d 
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h i m s e l f a l s o f r o m h i s y o u n g f a m i l y t h r o u g h h i s l o n g w o r k i n g 
a b s e n c e s , a n d , a s r e p o r t e d by H a n s ' n i e c e N i n o E r n e ( d a u g h t e r o f 
W e n d e l i n a ) , , - " t h e y w e r e m o r e a t t a c h e d t o t h e i r m o t h e r " . T h e r e 
i s n o d o u b t t h a t Hans R e i c h e n b a c h r e t a i n e d a g r e a t 
a t t r a c t i v e n e s s t o c h i l d r e n t h r o u g h o u t h i s l i f e , a n d he i n d u l g e d 
h i m s e l f i n t h e i r c o m p a n y , e n j o y i n g t h e i r a m u s e m e n t a n d o p e n i n g 
t h e i r e y e s t o t h e w o r k i n g s o f t h e w o r l d . T h e c o n c l u s i o n m u s t be 
t h a t t h e r e was a d e g r e e o f b i t t e r n e s s i n t h e R e i c h e n b a c h 
h o u s e h o l d . T h e r i f t b e t w e e n H a n s a n d h i s s o n w i d e n e d a s Hans 
(3alama g r e w i n t o a g i f t e d a n d b r i l l i a n t y o u n g man, b u t who l e f t 
s c h o o l d e s p i t e h i s f a t h e r ' s s t u b b o r n o p p o s i t i o n . 

I n S t u t t g a r t , R e i c h e n b a c h b e g a n p u b l i s h i n g i n e a r n e s t . He had 
come t h e r e f r o m E i e r l i n p u r s u i n g t w o m a j o r c o u r s e s o f 
i n v e s t i g a t i o n , - R e l a t i v i t y , a n d P r o b a b i l i t y a s a means o f 
u n d e r s t a n d i n g c a u s a l r e l a t i o n s h i p s i n t h e P h y s i c a l w o r l d . B e f o r e 
l e a v i n g B e r l i n he h a d c o m p l e t e d h i s f i r s t t h o r o u g h g o i n g a n a l y s i s 
o f R e l a t i v i t y - R e l a t i v i t y a n d A P r i o r i K n o w l e d g e w h i c h was 
p u b l i s h e d b y S p r i n g e r i n 1 9 2 0 , T h i s a n a l y s i s f o l l o w e d h i s 
a t t e n d i n g E i n s t e i n ' s l e c t u r e s o n R e l a t i v i t y i n B e r l i n i n 1 9 1 9 , 
w h i c h h a d a d r a m a t i c e f f e c t o n h i m -

I r e c o r d e d t h e r e s u l t o f t h i s p r o f o u n d i n n e r 
c h a n g e i n a s m a l l b o o k e n t i t l e d 
R e l a t i v i t a t s t h e o r i e u n d E i r k e n n t n i s A p r i o r i 

( R ' e i c h e n b a c h C 1 9 ' 7 s f , v . l , 2 ) 

E f f e c t i v e l y , R e l a t i v i t y T h e o r y had c h a l l e n g e d t h e b a s i s o f 
K a n t ' s p h i l o s o p h y w h i c h R e i c h e n b a c h u n t i l t h a t t i m e had b e e n 
a b l e t o r e c o n c i l e w i t h h i s own c o h e r e n t v i e w o f p h y s i c a l 
k n o w l e d g e . He i n t r o d u c e s h i s b o o k w i t h -

E i n s t e i n ' s t h e o r y o f r e l a t i v i t y h a s g r e a t l y 
a f f e c t e d t h e f u n d a m e n t a l p r i n c i p l e s o f 
e p i s t e m o l o g y „ . . . . E u c l i d e a n g e o m e t r y i s n o t 
a p p l i c a b l e t o p h y s i c s . 

( R e i c h e n b a c h [ 1 9 6 5 ] , 1) 

T h i s b o o k m a r k s R e i c h e n b a c h ' s r e a c t i o n a g a i n s t K a n t ' s P h i l o s o p h y 
i n t h e l i g h t o f E i n s t e i n ' s w o r k . K a n t , a C e n t u r y a n d a h a l f 
e a r l i e r , h a d t a k e n t h e P h y s i c s o f h i s t i m e a n d s o u g h t t o d e v e l o p 
t h e p r i n c i p l e s o f u n d e r s t a n d i n g i m p l i e d by i t . As R e i c h e n b a c h 
w r o t e i n a s h o r t a r t i c l e " P h i l o s o p h y o f t h e N a t u r a l S c i e n c e s " , 
p u b l i s h e d i n t h e V o s s i s c h e Z e i t u n q i n 1 9 2 8 -

K a n t , i n b u i l d i n g h i s g r a n d s y s t e m , f i t t e d t h e 
c o n c e p t o f s c i e n t i f i c k n o w l e d g e i n t o h i s f r a m e w o r k 
o f a u n i v e r s a l r a t i o n a l i s t p h i l o s o p h y 

( R e i c h e n b a c h C 1 9 7 8 3 , v . l , 2 2 9 ) 

T h e P h y s i c s a n d M e t a p h y s i c s o f K a n t , h o w e v e r , was e s s e n t i a l l y 
N e w t o n i a n , w h i c h was b a s e d on t h e c o n c e p t o f an a b s o l u t e S p a c e , 
e a c h p o i n t e f f e c t i v e l y m a r k e d by u n i q u e c o - o r d i n a t e s a n d 
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c o n n e c t e d tay a E u c l i d e a n m e t r i c n E i n s t e i n , i n h i s t h e o r i e i ^ i-.-f 
R e l a t i v i t y , h a d d e m o n s t r a t e d t h a t t h e N e w t o n i a n c o n c e p t s o f 
s p a c e c o u l d n o t be c o n s i s t e n t l y a p p l i e d , a n d R e i c h e n b a c h saw h i s 
t a s k a s r e - d e f i n i n g a P h i l o s o p h y o f P h y s i c s t h a t c o u l d be 
c o m p a t i b l e w i t h t h e s c i e n c e o f h i s own t i m e . I n t h e same a r t i c l e 
he c o n t i n u e s -

K a n t ' s c o n s t r u c t i o n o f t h e p h i l o s o p h y o f t h i s 
c l a s s i c 63poch was an h i s t o r i c a c h i e v e m e n t , y e t 
i t i s e n t i r e l y t o o a n t i q u a t e d when r e p r o d u c e d 
w i t h m i n o r v a r i a t i o n s i n t h e e r a o f E i n s t e i n 

( R e i c h e n b a c h [ 1 9 7 B ] , v , i , 229) 

R e i c h e n b a c h , w i t h h i s i n t e r e s t i n , a n d k n o w l e d g e o f , 
c o n t e m p o r a r y P h y s i c s a n d M a t h e m a t i c s , t o o k K a n t ' s t a s k u p o n 
h i m s e l f . He saw h i m s e l f a s u n i q u e l y q u a l i f i e d t o t h i s t a s k , f o r , 
a s he saw i t -

p r e s e n t - d a y a c a d e m i c p h i l o s o p h y . . . h a s l o s t a l l 
r e l a t i o n t o s c i e n c e , a n d ... t h e s c i e n t i s t h a s 
g i v e n u p a l l h o p e o f o b t a i n i n g f r o m a n y s u c h 
p h i l o s o p h y a n s w e r s t o t h e e p i s t o m o l o g i c a l 
q u e s t i o n s t h a t c o n f r o n t h i m i n t h e c o u r s e o f 
h i s r e s e a r c h . 

( R e i c h e n b a c h [ 1 9 7 8 ] , v . 1 , 229) 

R e l a t i v i t y a n d A P r i o r i K n o w l e d g e was t h e f i r s t o f t h r e e m a j o r 
w o r k s by R e i c h e n b a c h o n t h e e f f e c t s o f R e l a t i v i t y T h e o r y on t h e 
P h i l o s o p h y o f Space; a n d Time., The o t h e r s w e r e A x i o m a t i c f o r t h e 
R e l a t i v i s t i c S p a c e T i m e T h e o r y - p u b l i s h e d i n 1924 - , a n d The 
P h i l o s o p h y o f S p a c e a n d T i m e - p u b l i s h e d i n .1928„ A l t h o u g h 
d u r i n g t h i s t i m e he p u b l i s h e d a g r e a t n u m b e r o f a r t i c l e s on 
o t h e r t o p i c s , a n d p a r t i c u l a r l y on t h e a p p l i c a t i o n o f P r o b a b i l i t y 
t o o u r u n d e r s t a n d i n g o f c a u s a l r e l a t i o n s h i p s , t h e s e w e r e h i s 
o n l y m a j o r w o r k s . R e i c h e n t a a c h had c o m m i t t e d h i m s e l f t o p r o v i d i n g 
a P h i l o s o p h y f o r T w e n t i e t h C e n t u r y P h y s i c s , a n d t o r e p l a c i n g t h e 
K a n t i a n S y s t e m b a s e d on E i g h t e e n t h C e n t u r y S c i e n c e . C o m m e n t i n g 
on t h i s w o r k d u r i n g h i s p e r i o d a t S t u t t g a r t , R e i c h e n b a c h w r i t e s 

h e r e t h e t h e o r y o f r e l a t i v i t y r e c e i v e s a 
p h i l o s o p h i c a l l y c o r r e c t j u s t i f i c a t i o n .... 
I was t h e f i r s t t o s y s t e m a t i c a l l y u n c o v e r a n d 
c o m p i l e a l l n e c e s s a r y d e f i n i t i o n s o f c o r r e l a t i o n 
o f t h e s p a c e - t i m e - t h e o r y . 

( R e i c h e n b a c h C i 9 7 e ] , v . i , 2) 

F < e i c h e n b a c h a n d Cqn^t^ i n p r e - N a z i G e rmany 

I n 1926 R e i c h e n b a c h was a p p o i n t e d a s P r o f e s s o r o f P h y s i c s i n 
P l a n c k ' s D e p a r t m e n t a t t h e U n i v e r s i t y o f B e r l i n . The a u t h o r i t i e s 
i n B e r l i n w e r e o p j p o s e d t o R e i c h e n b a c h ' s a p p o i n t m e n t l a r g e l y on 
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a c c o u n t o f h i s r a d i c a l a n d a n t i - a u t h o r i t a r i a n v i e w s t h e r e a s a 
s t u d e n t , taut a l s o b e c a u s e o f h i s d i s d a i n f o r m e t a p h y s i c a l 
s p e c u l a t i o n i n P h i l o s o p h y . He ha\d t w o s t r o n g p r o p o n e n t s i n t h e 
F a c u l t y i n P l a n c k a n d E i n s t e i n , a n d t h e s t o r y a s r e c o u n t e d by 
W e s l e y S a l m o n i s t h a t E i n s t e i n , when c h a l l e n g e d tay t h e 
E s t a b l i s h m e n t a b o u t t h e h e r e t i c a l i d e a s o f h i s w o u l d - b e 
a p p o i n t e e , r e p l i e d "And w h a t w o u l d y o u h a v e d o n e i f t h e y o u n g 
S c h i l l e r h a d a p p l i e d h e r e f o r a p o s i t i o n ' ? " 

R e i c h e n t a a c h e s t a b l i s h e d h i m s e l f i n B e r l i n a s t h e d i r e c t i n g 
i n f l u 6 ? n c e i n t h e m e t h o d o f L o g i c a l E i m p i r i c i s m , a n d he f o u n d e d 
t h e " B e r l i n S o c i e t y f o r E m p i r i c a l P h i l o s o p h y " ; t h i s g r o u p 
i n c l u d e d W a l t e r D u b i s l e t v , K u r t G r e l l i n g , a n d C a r l Hempel , a s 
w e l l a s t h e t w o p s y c h o l o g i s t s - K u r t L e w i n a n d W o l f g a n g K o h l e r . 
T h e g r o u p a l s o o r g a n i s e d a s e r i e s o f l e c t u r e s e a c h y e a r on 
c o n t e m p o r a r y p h i l o s o p h i c a l i s s u e s , a n d t h e s e w e r e o p e n t o t h e 
g e n e r a l p u b l i c ( H e m p e l [1991], 6 ) . 

H i s o n e m a j o r p u b l i c a t i o n d u r i n g h i s s e v e n y e a r s a t B e r l i n 
U n i v e r s i t y was h i s t h i r d m a j o r w o r k i n s p i r e d by E i n s t e i n - T h e 
P h i l o s o p h y o f S p a c e a n d T i m e . He a l s o p u b l i s h e d " Z i e l e u n d Wege 
d e r P h y s i k a l i s c h e n E r k e n n t n i s " i n 1929 i n H a n d b u c h d e r P h y s i k 
V . 4 p p i - a o , a n d A t o m a n d Cosmos. The W o r l d o f M o d e r n P h y s i c s i n 
1930. I n a d d i t i o n t o n u m e r o u s a r t i c l e s i n j o u r n a l s , h o w e v e r , he 
i d e n t i f i e d h i m s e l f a s a d i s t i n c t i v e f i g u r e i n t h e p h i l o s o p h i c a l 
w o r l d t h r o u g h h i s f o u n d i n g w i t h R u d o l f C a r n a p o f t h e j o u r n a l 
E r k e n n t n i s . 

B e c a u s e he h a d b e e n o n f r i e n d l y t e r m s w i t h s e v e r a l members o f 
t h e V i e n n a C i r c l e , a n d w i t h a p a r t i c u l a r r e s p e c t f o r M e r i t s 
S c h l i c k a n d F < u d o l f Caxrnap, he a p p r o a c h e d t h e m w i t h t h e 
p r o p o s i t i o n o f f o u n d i n g E r k e n n t n i s • He h a d f i r s t m e t C a r n a p a t a 
c o n f e r e n c e o n S y m b o l i c L o g i c w h i c h t h e t w o o f t h e m had o r g a n i s e d 
a t E r l a n g e n i n 1923. T h e c o n f e r e n c e h a d i n c l u d e d a d d r e s s e s o n 
p u r e l o g i c , t h e d e c i s i o n p r o b l e m , t h e r e l a t i o n b e t w e e n p h y s i c a l 
o b j e c t s a n d s e n s e - d a t a , a t h e o r y o f k n o w l e d g e w i t h o u t 
m e t a p h y s i c s , a c o m p ^ i r a t i v e t h e o r y o f s c i e n c e s , a n d t h e t o p o l o g y 
o f t i m e . C a r n a p r e p o r t s i n " C a r n a p ' s I n t e l l e c t u a l A u t o b i o g r a p h y " 

Among a l l t h o s e who w o r k e d i n B e r m a n y i n a s i m i l a r 
d i r t e c t i o n i n p h i l o s o p h y a n d i n t h e f o u n d a t i o n s o f 
s c i e n c e , H a n s R e i c h e n b a c h was t h e o n e v^jhose 
p h i l o s o p h i c a l o u t l o o k v-^as c l o s e s t t o m i n e . 
O u r p o i n t s o f v i e w w e r e o f teen q u i t e d i v e r g e n t , . . 
... N e v e r t h e l e s s , t h e r e was a common b a s i c a t t i t u d e 
a n d t h e common a i m o f d e v e l o p i n g a s o u n d a n d e;;act 
m e t h o d i n p h i l o s o p h y . ... The E r l a n g e n C o n f e r e n c e 
may be r e g a r d e d a s t h e s m a l l b u t s i g n i f i c a n t 
i n i t i a l s t e p i n t h e m o v e m e n t o f s c i e n t i f i c 
p h i l o s o p h y i n G e r m a n y . 

( S c h i l p p ( e d ) [19633,14) 

l-ven a s e a r l y a s t h i s c o n f e r e n c e i n 192-3 R e i c h e n b a c h had 
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p r o p o s e d t h a t a new p e r i o d i c a l be f o u n d e d a s a f o r u m f o r t h i s 
new k i n d o f p h i l o s o p h y , b u t i t was n o t u n t i l 1 9 3 0 t h a t he a n d 
C a r n a p a s j o i n t e d i t o r s f i n a l l y l a u n c h e d E r k e n n t n i s . 
I n h i s e d i t o r i a l i n t r o d u c t i o n t o t h e f i r s t i s s u e o f E r k e n n t n i s , 
R e i c h e n b a c h w r i t e s -

F ' ' h i l o s o p h y m u s t b e b a s e d o n e m p i r i c a l r e s e a r c h 
i n n a t u r a l a n d m e n t a l s c i e n c e , . . , . i t i s a m e t h o d 
o f c l a r i f i c f i i t i o n , n o t a s c i e n c e . 

C a r n a p a n d R e i c h e n b a c h m e t f r e q u e n t l y a f t e r 
C o n f e r e n c e a n d e a c h u s e d t h e o t h e r a s c r i t i c 
R e i c h e n b a c h c o n t r i b u t e d t o t h e d i a l o g u e b y h i s 
w i t h P h y s i c s , a n d C a r n a p c o n t r i b u t e d m a i n l y w i t h 
As C a r n a p re^members -

t h e E r l a n g e n 
o f new i d e a s . 
w o r k i n v o l v e d 

w o r k i n L o g i c . 

I o f t e n a s k e d h i m f o r e x p l a n a t i o n s i n r e c e n t 
d e v e l o p m e n t s , f o r e x a m p l e , i n q u a n t u m - m e c h a n i c s ; . 
H i s e x p l a n a t i o n s w e r e a l w a y s e x c e l l e n t i n b r i n g i n g 
o u t t h e m a i n p o i n t s w i t h g r e a t c l a r i t y . 

( S c h i i p p ( e d ) [ 1 9 6 3 ] , 1 4 , 1 5 ) 

The f u r t h e r c o n s e q u e n c e o f t h e c o l l a b o r a t i o n b e t w e e n R e i c h e n b a c h 
a n d C a r n a p was a s e r i e s o f c o n f e r e n c e s a n d c o n g r e s s e s o f w h a t 
t h e y saw a s a ntsw m o v e m e n t i n L o g i c a l P h i l o s o p h y e m b r a c i n g n o t 
o n l y t h e E - f e r l i n E m p i r i c i s t s a n d t h e V i e n n a C i r c l e b u t a l s o t h e 
Warsaw p h i l o s o p h i c a l g r o u p . The f i r s t c o n f e r e n c e on t h e 
" E p i s t o m o l o g y o f t h e E x a c t S c i e n c e s " t o o k p l a c e i n P r a g u e i n 
S e p t e m b e r 1 9 2 9 . 

11. w a s R e i c h e n b a c 
t o t h e V i e n n a C i 
S c h l i c k i n t h e 
c o n t a c t V M i t h R e i c 
o f R e ? i c h e n b £ 4 c h ' s 
I n t h a t b o o k R e i 
d e r q e q s n w a r t i q e n 

h who had p r o v i d e d C a r n a p w i t h a n i n t r o d u c t i o n 
r c l e when R e i c h e n b a c h i n t r o d u c e d h i m t o M e r i t s 
Summer o f 1 9 2 4 . S c h l i c k h a d i n i t i a l l y made 
h e n t a a c h b y c o r r e s p o n d e n c e f o l l o w i n g p u b l i c a t i o n 
Rel£ttivi t i t y a n d A P r i o r i K n o w l e d g e i n 192C). 

c h e n b a c h r e f e r s t o S c h l i c k ' s Raum u n d Z e i t i n 
P h y s i k , Z u r E i n f u h r u n q i n d a s V e r s t a n d n i s d e r 

p u b l i s h e d b y S p r i n g e r i n 
a n d R e i c h e n b a c h a t t e m p t s t o m o d e r a t e S c h l i c k ' s 
he K a n t i a n c o n c e p t o f a b s o l u t e a - p r i o r i 
l e d t o a c o r r e s p o n d e n c e r e f e r r e d t o by S c h l i c k 

R e l a j t , i y i t i t s - u n d G r a v i t a t i o n s t h e o r i e . 
E-ie?rlin i n 1 9 1 7 ; 
r e j e c t i o n o f t 
p r i n c i p 1 e s . T h i. s 
i n 1 9 2 1 w i t h -

E v e n i n t h o s e q u e i s t i o n s a b o u t w h i c h he t a k e s 
i s s u e w i t h me i n t h e b o o k , t h e r e i s r e a l l y n o 
p r o f o u n d d i f f e r e n c e o f o p i n i o n , a s an e l u c i d a t i o n 
o f o u r o p i n i o n s b y c o r r e s p o n d e n c e h a s s u b s e q u e n t l y 
d i s c l o s e d , 

( S c h l i c k C 1 9 7 9 3 , v , i , 3 3 3 ) 

I n f a c t , t h e c o r r e s p o n d e n c e w i t h S c h l i c k i n 1 9 2 1 a n d 1 9 2 2 m a r k e d 
a d e c i s i v e c h a n g e i n R e i c h e n b a c h ' s a p p r o a c h t o p h i l o s o p h y , 
R e i c h e n t a a c h h a d a t t e m p t e d t o r e c o n c i l e K a n t ' s s y s t e m o f a - p r i o r i 
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w i t h R e l a t i v i t y i n a c c e p t i n g t h e K a n t i a n p r e m i s s t h a t k n o w l e d g e 
i s o b t a i n e d b y a p p l i c a t i o n o f c o n s t i t u t i v e p r i n c i p l e s t o 
e x p e r i e n c e , b u t w i t h o u t c l a i m i n g a l o g i c a l n e c e s s i t y f o r a 
p a x r t i c u l a r s e t o f c o n s t i t u t i v e p r i n c i p l e s . S c h l i c k h a d b e e n 
g i v e n t h e t a s k tay K a n t S t u d i e n o f r e v i e w i n g b o t h R e i c h e n b a c h ' s 
w o r k [ R ' e i c h e n b a c h ; 1 9 2 0 ] a n d C a s s i r e r ' s [ C a s s i r e r ; 1 9 2 1 ] , a n d had 
c o u n t e r e d t h a t i n r e j e c t i n g t h e a ~ p r i o r i n e c e s s i t y o f K a n t ' s 
p r i n c i p l e s , K a n t ' s a p p r o a c h a s a w h o l e s h o u l d be r e j e c t e d . 
S c h l i c k ' s r e c o m m e n d a t i o n i s , t h e r e f o r e , t h a t t h e p r o p e r o b j e c t 
f o r e p i s t e m o l o g i c a l a n a l y s i s i s e m p i r i c a l k n o w l e d g e i t s e l f , 
a l b e i t r e c o g n i s i n g t h a t e x p e r i e n c e i s s h a p e d t h r o u g h a p p l i c a t i o n 
o f c o n s t i t u t i v e p r i n c i p l e s , a n d t h a t t h e s e a r e c o n v e n t i o n s a s 
p r e s c r i b e d tay P o i n c a r e . 

R e i c h e n b a c h ' s a c c e p t a n c e o f S c h l i c k ' s c r i t i c i s m s i s a c k n o w l e d g e d 
f u l l y i n "The D i s c u s s i o n o f R e l a t i v i t y Now" p u b l i s h e d i n L o q o s l O 
1 9 2 2 , whe;re he w r i t e s 

F - o r m e r l y I b e l i e v e d , o n t h e b a s i s o f h i s o p p o s i t i o n 
t o K a n t , t h a t S c h l i c k o v e r l o o k e d t h e c o n s t i t u t i v e 
s i g n i f i c a n c e o f t h e c a t e g o r i e s i n t h e c o n c e p t o f 
o b j e c t , a n d . . . I o b j e c t e d t o S c h l i c k ' s v i e w s on 
t h e s e g r o u n d s . H o w e v e r , i n t h e c o u r s e o f o u r 
c o r r e s p o n d e n c e , i t t u r n e d o u t t h a t t h i s o b j e c t i o n 
was b s i s e d o n a m i s u n d e r s t a n d i n g a n d t h e r e f o r e 
I s h o u l d l i k 6 3 t o t a k e i t b a c k . ... S c h l i c k ' s 
e m p i r i c i s m .. m u s t be r e g a r d e d a s a m e t h o d b a s e d 
o n t h e b e l i e f t h a t r e a l i t y i s g i v e n i n e x p e r i e n c e , 
a m e t h o d w h i c h t a k e s a s i t s t a s k t h e snslysis of 
the p r o c e s s o f e x p e r i e n c e i n t h e w i d e s t s e n s e , 
w i t h o u t a d h e r i n g t o a n y s p e c i f i c i n t e r p r e t a t i o n . 
I am q u i t e r e a d y t o a c c e p t t h i s m e t h o d b e c a u s e 
my s o - c a l l e d " a n a l y t i c m e t h o d " r e p r e s e n t s 
e x a c t l y t h i s o b j e c t i v e a p p r o a c h . 

( R e i c h e n b a c h [ 1 9 7 8 ] , v . 2 , 3 7 ) 

I n a d d i t i o n t o t h i s i n v o l v e m e n t w i t h h i s f e l l o w p r o f e s s i o n a l 
p h i l o s o p h e r s , R e i c h e n b a c h b r o a d c a s t a s e r i e s o f r a d i o l e c t u r e s 
i n 1 9 3 0 w h i c h w e r e p u b l i s h e d a s A t o m a n d Cosmos. The W o r l d o f 
Mo c l e r n P h y s i c s . I n t h e s e l e c t u r e s he d e m o n s t r a t e d t h a t t h e 
c o n c e p t u a l s c h e m e t h a t h a s b e e n s u c c e s s f u l i n t r a d i t i o n a l 
p h y s i c s b e c o m e s i n c o n s i s t e n t when i t i s a p p l i e d t o s u b - a t o m i c 
e v e n t s a t o n e e n d o f t h e s c a l e o f d i m e n s i o n s , o r when a p p l i e d t o 
ast.ronomic£il e v e n t s a t t h e o p p o s i t e e n d o f t h e s c a l e . 

T h r o u g h o u t h i s p e r i o d i n B e r l i n , a n d t h r o u g h o u t t h e r e s t o f h i s 
l i f e , R e i c h e n b a c h w o u l d r e t u r n t o w o r r y a t t h e p r o b l e m a r e a w i t h 
vsihich he b e g a n h i s p h i l o s o p h i c a l c a r e e r , n a m e l y t h e a p p l i c a t i o n 
o f p r o b a b i l i t y c o n s i d e r a t i o n s t o an e p i s t e m o l o g y o f s c i e n t i f i c 
k n o w l e d g e . T h i s p r e - o c c u p a t i o n h a d a g a i n b e e n t r i g g e r e d b y h i s 
s t u d y o f K a n t a n d c o n s e q u e n t c o n c e r n w i t h c a u s a l o r d e r i n g . 
R e i c h e n b a c h h i m s e l f c o m m e n t s i n a u t o b i o g r a p h i c a l n o t e s made i n 
1 9 3 6 -
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I f r e q u e ^ n t i y i n t e r r u p t e d o t h e r w o r k i n o r d e r 
t o w o r k o n t h e p r o b l e m o f p r o b a b i l i t y , 

( R e i c h e n t a a c h i : i 9 7 8 ] , v , l , 6 ) 

He h a d f i r s t b e e n i m p r e s s e d w i t h t h e a p p l i c a t i o n o f 
p r o b a b i l i s t i c a n a l y s i s o f p h y s i c a l e v e n t s by t h e w o r k o f 
B o l t z m a n n i n T h e r m o d y n a m i c s , He h a d d e v e l o p e d h i s i d e a s i n h i s 
d o c t o r a l d i s s e r t a t i o n i n 1 9 1 5 , a l t h o u g h a t t h a t s t a g e he h a d n o t 
b e e n p r e p a r e d t o t h r o w o f f h i s K a n t i a n y o k e . I n t w o p a p e r s 
w r i t t e n i n 1 9 2 0 , - "The P h y s i c a l P r e s u p p o s i t i o n s o f t h e C a l c u l u s 
o f P r o b a b i l i t y " p u b l i s h e d i n D i e N a t u r w i s s e n s c h a f t e n 8, no , 3; 
4 6 - 5 5 , a n d "The P r o b a b i l i t y C a l c u l u s " p u b l i s h e d i n D i e 
N a 11.1 r • w i s s e n s c h a f t e n 8, n o , 8; 1 4 6 - 1 5 3 , - he d e m o n s t r a t e s t h e 
n e c e s s i t y o f a d d i n g t h e p r i n c i p l e o f p r o b a b i l i t y t o t h a t o f 
c a u s a l i t y a s "a n e c e s s a r y c o n s t i t u e n t o f o u r k n o w l e d g e o f 
n a t u r e " ; - a s a K a n t i a n s y n t h e t i c a ~ p r i c r i j u d g m e n t . By t h e t i m e 
he h a d moved t o S t u t t g a r t a s D e c e n t , h o w e v e r , he had b e g u n t o 
q u e s t i o n t h e v a l i d i t y o f K a n t ' s c l a i m f o r s y n t h e t i c a - p r i o r i 
j u d g m e n t s a n d t h e c o n c e p t s f r o m E i g h t e e n t h C e n t u r y s c i e n c e o f 
s t r i c t p h y s i c a l d e t e r m i n i s m . I n 1 9 2 3 he w r i t e s i n t h e V o s s i s c h e 
Z e i t u n q i n a s h o r t a r t i c l e " C a u s a l i t y o r P r o b a t a i 1 i t y ? " -

we m u s t s p e a k o f an o b j e c t i v e i n d e t e r m i n a c y i n 
n a t u r e ; t h e c o u r s e o f t h e u n i v e r s e i s 
c o m p a r a b l e , n o t t o a c l o c k w o r k , b u t r a t h e r t o 
a p e r p e t u a l d i c e game i n w h i c h e a c h s t a g e i n t h e 
e v e n t c o r r e s p o n d s t o a n o t h e r t h r o w o f t h e d i c e . 

( R e i c h e n b a c h [ 1 9 7 8 ] , v , l , 2 3 9 ) 

He p u b l i s h e d t w o m a j o r w o r k s o n t h i s s u b j e c t , - The T h e o r y o f 
F-'robabi 1 i t y , An I n q u i r y i n t o t h e L o g i c a l a n d M a t h e m a t i c a l 
F o u n d a t i o n s o f t h e C a l c u l u s o f P r o b a b i l i t y p u b l ish6?d i n L e y d e n 
i n 1 9 3 5 , a n d E x p e r i e n c e a n d P r e d i c t i o n p u b l i s h e d i n C h i c a g o i n 
1 9 3 8 . 

I s t a n b u l 

"fhe a s s u m p t i o n o f p o w e r i n C e r m a n y by t h e Nave i s i n 1 9 3 3 r e s u l t e d 
i n t h e d i s m i s s a l o f R e i c h e n b a c h f r o m h i s p o s i t i o n a t t h e 
U n i v e r s i t y o f B e r l i n . I t a p p e a r e d t h a t i t was h i s J e w i s h o r i g i n s 
t h a t g a v e o f f e n c e t o t h e N a z i s , r a t h e r t h a n h i s r a d i c a l i s m . He 
moved t o I s t a n b u l w h e r e he t o o k c h a r g e o f t h e P h i l o s o p h y F a c u l t y 
a t t h e U n i v e r s i t y , t a k i n g a d v a n t a g e o f t h e h i g h r e g a r d A t a t u r k 
h a d f o r e d u c a t i o n t o a t t r a c t a n u c l e u s o f b r i g h t s t u d e n t s . He 
r e m a i n e d i n T u r k e y u n t i l 1 9 3 8 , when he e m i g r a t e d t o t h e U n i t e d 
S t a t e s , 

R e i c h e n b a c h h a d a f i v e y e a r c o n t r a c t a t t h e U n i v e r s i t y o f 
I s t a n b u l t o g e t h e r w i t h a c c e s s t o f u n d s t o d e v e l o p t h e P h i l o s o p h y 
D e p a r t m e n t , T h i s e f f e c t i v e l y g a v e h i m t h e o p p o r t u n i t y t o d e v e l o p 
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a u n i v t e r s i t y i n l i n e w i t h t h e r a d i c a l i d e a s he had e s p o u s e d 
w h i l s t i n t h e " F r e i e S t u d e n t e n s c h a f t " . He was a s s i g n e d a T u r k i s h 
I n t e r p r c ^ t e r , b u t i n a d d i t i o n t o h i s a l r e a d y f l u e n t E n g l i s h a n d 
F r e n c h , he was a b l e t o a c q u i r e a s u f f i c i e n t l y g o o d g r a s p o f 
T u r k i s h t o be a t a l e t o l e c t u r e i n it„ R e i c h e n b a c h c o n v e r t e d t h e 
P h i l o s o p h y D e g r e e i n t o a m u l t i - d i s c i p l i n a r y s t u d y , s o t h a t 
s t u d e n t s w e r e o b l i g e d t o s t u d y t w o t h e o r e t i c a l a n d o n e 
e x p e r i m e n t a l s c i e n c e i n a d d i t i o n t o s t u d i e s i n l i t e r a t u r e , 
h i s t o r y , a n d o t h e r h u m a n i t i e s . He a l s o o r g a n i s e d C o l l e g i u m s f o r 
t h e P h i l o s o p h y s t u d e n t s t o w h i c h P r o f e s s o r s f r o m t h e o t h e r 
F ' a c u l t i e s w e r e a l s o i n v i t e d , s o t h a t p h i l o s o p h i c a l p r o b l e m s 
c o u l d be e x a m i n e d f r o m s e v e r a l p o i n t s o f v i e w . He was a p o p u l a r 
t e a c h e r vgho made h i m s e l f e a s i l y a v a i l a b l e t o h i s s t u d e n t s . 

W h i l s t i n 
G e r m a n y , 
l a t e r m e t 
1 9 4 6 . 

I s t a n b u l 
b e c ame a 
h i m a g a i n 

M a r i a M o l l , w i t h a PhD i n P h i l o s o p h y f r o m 
f r i e n d o f R e i c h e n b a c h a n d h i s f a m i l y . She 
i n C a l i f o r n i a , a n d became h i s s e c o n d w i f e i n 

W h i l s t i n I s t a x n b u l R e i c h e n b a c h c o n t i n u e d t o p r o d u c e p a p e r s f o r 
p h i l o s o p h i c a l j o u r n a l s , i n c l u d i n g E r k e n n t n i s . A l m o s t a l l w e r e 
c o n c e r n e d w i t h p r o b a b i l i t y , c a u s a l i t y , a n d i n d u c t i o n ? a n d i n 
1 9 3 3 E x p e r i e n c e a n d Pr£-:;diction was p u b l i s h e d by t h e U n i v e r s i t y 
o f C h i c a g o P r e s s . 

The U n i v e r s i t y o f C a l i f o r n i a a t L o s A n g e l e s 

A f t e r A t a t u r k ' s d e a t h , an i n c r e a s i n g l y n a t i o n a l i s t i c mood 
d e v e l o p e d i n T u r k e y , a n d m o s t o f t h e German a n d A u s t r i a n 
F - ' r o f e s s o r s who h a d moved t o I s t a n b u l i n 1 9 3 3 s o u g h t p o s i t i o n s 
e l s e w h e r e . R e i c h e n b a c h c o n t a c t e d f r i e n d s i n t h e U n i t e d S t a t e s 
a n d was o f f e r r e d a p o s i t i o n a t t h e U n i v e r s i t y o f C a l i f o r n i a a t 
L o s A n g e l e s a s P r o f e s s o r o f P h i l o s o p h y i n 1 9 3 8 . 

He t r a v e l l e d t o t h e U n i t e d S t a t e s v i a S w i t z e r l a n d w h e r e he 
i n d u l g e d i n a h o l i d a y o f h i k i n g a n d m o u n t a i n e e r i n g , b u t on 
a r r i v a l i n L o s A n g e l e s he s u f f e r e d a c o r o n a r y t h r o m b o s i s . A f t e r 
s i x w e e k s h o w e v e r he had r e c o v e r e d s u f f i c i e n t l y t o b e g i n h i s 
l e c t u r i n g a t UCLA v>jhere he r e m a i n e d u n t i l he d i e d i n 1 9 5 3 . 

D u r i n g t h i s 
w o r k s , — 
F'hi l o s o p h i c a l L i b r a r y New Y o r k 

l a s t f i f t e e n y e a r ! 
f" r ofri C o p e r n i c u s 

o f h i s l i f e he p r o d u c e d s i x m a j o r 
t o E i n s t e i n p u b l i s h e d by t h e 

i n 1 9 4 2 , P h i l o s o p h i c F o u n d a t i o n s 
o f Q.Uanturn Me c h a | - i i c s p u b l i s h e d b y U n i v e r s i t y o f C a l i f o r n i a P r e s s 
i n 1 9 4 4 , E l e m e n t s o f S y m b o l i c L o g i c p u b l i s h e d by M a c M i l l a n Co 
New Y o r k i n 1 9 4 7 , T h e R i s e o f S c i e n t i f i c P h i l o s o p h y p u b l i s h e d by 
U n i v e r s i t y o f C a l i f o r n i a P r e s s i n 1 9 5 1 , N o m o l o q i c a l S t a t e m e n t s 
a n d A d m i s s i b l e O p e r a t i o n s p u b l i s h e d by N o r t h - H o l l a n d A m s t e r d a m 
i n 1 9 5 4 , a n d Tjhie. D i r e c t i o n o f T i m e p u b l i s h e d p o s t h u m o u s l y by 
U n i v e r s i t y o f C a l i f o r n i a P r e s s i n 1 9 5 6 . 
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W h i l s t i n t h e U n i t e d S t a t e s he was a b l e t o r e s u m e h i s c l o s e 
f r i e n d s h i p w i t h C a r n a p who s u c c e e d e d R e i c h e n b a c h a t UCLA, a n d he 
r e - e s t a b l i s h e d h i s f r i e n d s h i p w i t h E i n s t e i n whom he o f t e n 
v i s i t e d i n P r i n c e t o n , E i n s t e i n r e g a r d e d R e i c h e n b a c h ' s w o r k on 
S p a c e a n d T i m e a s a p h i l o s o p h i c a l f r a m e w o r k i n w h i c h R e l a t i v i t y 
c o u l d b€? u n d e r s t o o d , a s he ( E i n s t e i n ) c o m m e n t s i n 1 9 4 9 o n 
R e i c h e n b a c h ' s "The P h i l o s o p h i c a l S i g n i f i c a n c e o f t h e " r h e o r y o f 
R e l a t i v i t y " i n c l u d e d i n S c h i i p p ( e d ) [ 1 9 4 9 ] A l b e r t E i n s t e i n ; 
P h i 1 o s o p h e r - S c i e n t i s t -

I c a n h a r d l y t h i n k o f a n y t h i n g m o r e s t i m u l a t i n g 
a s t h e b a s i s f o r d i s c u s s i o n i n an e p i s t e m o l o g i c a l 
s e m i n a r t h a n t h i s b r i e f e s s a y by R e i c h e n b a c h 

( S a l m o n ( e d ) [ 1 9 7 9 ] , 2 4 ) 

I n 1 9 4 0 B e r t r a n d R u s s e l l was v i s i t i n g F l i n t P r o f e s s o r a t UCLA, 
a n d s h a r e d R e i c h e n b a c h ' s o f f i c e . The tvMo became g o o d f r i e n d s a n d 
m a i n t a i n e d a c o n t a c t t h r o u g h o u t f ^ e i c h e n b a c h ' s r e m a i n i n g y e a r s , 
R e i c h e n b a c h h a d p r e v i o u s l y h e l d R u s s e l l i n h i g h e s t e e m b e c a u s e 
o f h i s w o r k o n t h e f o u n d a t i o n o f m a t h e m a t i c s a n d f o r t h e c l a r i t y 
o f h i s w r i t i n g , b u t he was a l s o i m p r e s s e d by t h e m o r a l h o n e s t y 
i n h i s s o c i a l a n d p o l i t i c a l v i e w s . I n an a r t i c l e on R u s s e l l i n 
O b e l i s k A l m a n a c k i n 1 9 2 9 , R e i c h e n b a c h w r i t e s -

T h i s t r u e w r i t e r i s t o be c o m p a r e d among t h e 
r a n k s o f p h i l o s o p h e r s w i t h h i s g r e a t c o m p a t r i o t 
Hume, t o whom he b e a r s m a r k e d s i m i l a r i t y b o t h 
i n h i s s t y l e . , . a n d m e t h o d o l o g y 

a n d 
.. t h e e a r n e s t n e s s o f h i s c h a r a c t e r , t h e s i n c e r i t y 
o f h i s c o n v i c t i o n , t h e n o b i l i t y o f h i s s e n t i m e n t s . 
He b e l o n g s a s much t o t h e p h i l o s o p h e r s o f a c t i o n a s 
t o t h e p h i l o s o p h e r s o f t h e o r y , ., 

( R e i c h e n b a c h [ 1 9 7 S ] , v , l , 3 0 3 ) 

M e m o r i e s o f R e i c h e n b a c h 

R e c o l l e c t i o n s b y s t u d e n t s a n d f r i e n d s o f Hans R e i c h e n b a c h d u r i n g 
h i s p e r i o d i n t h e U n i t e d S t a t e s p r e s e n t a p h y s i c a l p i c t u r e o f -

s h o r t , a l m o s t r o t u n d , s t u b b y h a n d s a n d f e e t , 
r o u n d f a c e , s n u b n o s e , t h i c k g l a s s e s , f a l s e 
t e e t h , a h e a r i n g a i d , and a t h i n h i g h - p i t c h e d 
s p e a k i n g v o i c e . 

( R e i c h e n b a c h [ 1 9 7 8 ] , v , l , 5 8 ) 

a n d y e t he was a n e n g a g i n g p r e s e n c e w i t h e n e r g y , p e r s o n a l 
d i g n i t y , a n d k e e n n e s s o f I n t e l l e ? c t a\nd w i t . He was a t e a c h e r o f 
g r e a t c l a r i t y who e n c o u r a g e d h i s s t u d e n t s t o d e v e l o p t h e i r own 
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i d e a s a n d 
home, As a 
p r o f e s s i o n 
k n o w l e d g e 
a p p e a r s hes 
h i s l i f e , 
he h a d a n 
t h i s s e l f 
t h o r o u g h l y 

e n c o u r a g ' 
b o y he h a d 
a s E n g i n e e r 

b o t h t o 

d i s c u s s i o n b o t h i n h i s c l a s s e s a n d a t h i s 
b e e n e a g e r t o l e a r n a s he p r e p a r e d f o r h i s 
, a n d he had become a d i s s e m i n a t e r o f t h a t 

t o h i s o l d e r b r o t h e r a n d y o u n g e r s i s t e r ; a n d i t 
r e t a i n e d t h a t p a s s i o n f o r d i s s e m i n a t i o n t h r o u g h o u t 

As a p r e c o c i o u s b o y , l e e i r n i n g w i t h p r a c t i c a l i n t e n t , 
a e d t o be s u r e o f h i s k n o w l e d g e ; a n d a g a i n he r e t a i n e d 
- c o n f i d e n c e a n d b e l i e f i n t h e i d e a s t h a t h e h a d 
w o r k e d t h r o u g h h i m s e l f . As W e s l e y S a l m o n r e m a r k s -

R e i c h e n b a c h h a d t h e c o n v i c t i o n t h a t he was r i g h t . 
a n d 

, , s t u d y i n g w i t h R e i c h e n b a c h was s t u d y i n g 
R e i c h e n t a a c h . 

( R e i c h e n b a c h [ 1 9 7 S 3 , v , l , 7 3 ) 

C a r l H e m p e l h a d b e e n a s t u d e n t o f R e i c h e n b a c h ' s i n B e r l i n i n 
1 9 2 6 , a n d e v e n a t t h i s e a r l y s t a g e o f h i s p h i l o s o p h i c a l c a r e e r , 
R e i c h e n b a c h " t e n d e d t o be q u i t e s u r e o f h i s i d e a s , a n d 
o c c a s i o n a l l y t o o r e a d i l y d i s m i s s i v e o f d i s s e n t i n g v i e w s , b u t 
t h i s d i d n o t a f f e c t h i s r e f r e s h i n g l y r e c e p t i v e a n d i n f o r m e d way 
w i t h s t u d e n t s " ( H e m p e l [ 1 9 9 1 ] , 5 ) , H i s r e a d i n e s s t o t a k e an 
i n t e r e s t i n h i s s t u d e n t s , i n t h e i r a s p i r a t i o n s a n d t h e i r 
p r o b l e m s , was i n s h a r p c o n t r a s t t o t h e p r e v a i l i n g t e n d e n c y o f 
C-jerman P r o f e s s o r s a t t h a t t i m e , a n d H e m p e l c o n t r a s t s t h i s w i t h 
t h e a t t i t u d e o f Max P l a n c k , 

I 
I 
made 

r e c a l l o n c e r u n n i n g a f t e r Max P l a n c k t o a s k w h e t h e r 
m i g h t p u t a b r i e f q u e s t i o n t o h i m a b o u t a p o i n t he had 

t u r n r o u n d , "Ask i n h i s l e c t u r e . He d i d n o t e v e n 
my a s s i s t a n t " h e s a i d , v a n i s h i n g i n t o h i s o f f i c e . 

( H e m p e l [ 1 9 9 1 ] , 5 ) 

S p e a k i n g a t . H a n s R e i c h e n b a c h ' s f u n e r a l i n 1 9 5 3 , A b r a h a m K a p l a n , 
- who h a d j o i n e d R e i c h e n b a c h a s P r o f e s s o r o f P h i l o s o p h y a t UCLA 
i n 1 9 4 0 -, s u m m a r i s e d t h e e f f e c t R e i c h e n b a c h h a d had on 
c o l l e a g u e s a n d s t u d e n t s ~ 

W h o e v e r knew h i m , i n w h a t e v e r c a p a c i t y , l e a r n e d 
f r o m h i m . He was a man o f i d e a s , t o whom i d e a s 
w e r e a l l i m p o r t a x n t , a n d he mcide t h e i r i m p o r t a n c e 
f e l t b y a l l a r o u n d h i m . ... F o r w h a t he knew, he 
w a n t e d o t h e r s t o know; t h e t r u t h he b e l i e v e d i n 
he w a n t e d o t h e r s t o b e l i e v e , 

( R e i c h e n b a c h [ 1 9 7 8 ] , v , l , 6 7 ) 

Commen t i n g f u r t h e r o n 
K a p l a n w r o t e -

R e i c h e n b a c h ' s a p p l i c a t i o n t o h i s w o r k 

I n an a g e o f s c i e n c e , he w a n t e d men t o l o o k t o t h e 
l o g i c o f s c i e n c e f o r a g u i d e t o b e l i e f a n d a c t i o n . 

F o r t h i s w i s d o m , a n d f o r t h e h a r d w o r k w h i c h 
i t s a c q u i s i t i o n e n t a i l s , he h a d u n l i m i t e d p a s s i o n 



a n d e n e r g y . H i s z e s t f o r t h e l i f e o f i d e a s was a 
v i t a l p a r t o f h i s p e r s o n a l i t y . 

He n e v e r l o s t h i s p a s s i o n f o r p r a c t i c a l t h i n g s . He was a l w a y s 
i n t 6 ? r e s t e d i n m e c h a n i c a l t h i n g s , a n d was a s e r i o u s p h o t o g r a p h e r . 
He t r i e d t o u s e p h o t o g r a p h y i n h i s a t t e m p t s t o g e t B e r t r a n d 
R u s s e l l t o a b a n d o n h i s t w o - d i m e n s i o n a l p h e n o m e n o n a 1 i s t 
d e s c r i p t i o n o f t h e w o r l d by t a k i n g s t e r e o - p h o t o g r a p h s a n d 
s h o w i n g t h e m t o F ; u s s e l l t h r o u g h a v i e w e r . 

T h e e n e r g y he d i s p l a y e d i n h i s a c a d e m i c a n d p r a c t i c a l w o r k a l s o 
w e n t i n t o h i s r e c r e a t i o n a l a c t i v i t i e s w h i c h i n c l u d e d w a l k i n g , 
r o c k - c l i m b i n g , c a m p i n g , a n d he was an a c c o m p l i s h e d i c e - s k a t e r . 
As a p h i l o s o p h e r he b r o u g h t e n e r g y a n d t h o r o u g h n e s s t o h i s d e e p 
u n d e r s t a n d i n g o f t h e p h y s i c s a n d m a t h e m a t i c s o f t h e f i r s t h a l f 
o f t h e T w e n t i e t h C e n t u r y . He was a P h i l o s o p h e r - E n g i n e e r . 



C h a p t e r 

IMMANUEL KANT AND THE NEO-KANTIAN INHERITANCE 

An a p p r e c i a t i o n o f t h e d e v e l o p m e n t o f R e i c h e n b a c h ' s 
p h i l o s o p h i c a l m e t h o d m u s t b e g i n w i t h K a n t . K a n t ' s c o n t r i b u t i o n 
t o p h i l o s o p h y i n t h e l a t e E i g h t e e n t h C e n t u r y h a d had a p r o f o u n d 
d e v e j l o p m e n t o n s u b s e q u e n t w r i t i n g , a n d p a r t i c u l a r l y i n Germany 
w h e r e o n e h u n d r e d a n d f i f t y y e a r s l a t e r i n t h e e a r l y T w e n t i e t h 
C e n t u r y i t wats r e g a r d e d , i n R e i c h e n b a c h ' s w o r d s a s "a 
c o r n e r s t o n e o f p h i l o s o p h i c a l t h i n k i n g " ( R e i c h e n b a c h 
[ 1 9 7 8 ] , v . 1 , 3 8 9 ) . I n a n a r t i c l e e n t i t l e d " K a n t u n d d i e m o d e r n e 
N a t u r w i s s e n s c h a f t " i n 1932 i n t h e F r a n k f u r t e r Z e i t u n q 77 , n o s 
6 2 6 - 6 2 7 d a t e d A u g u s t 2 3 , a n d t r a n s l a t e d b y M a r i a R e i c h e n b a c h f o r 
q u o t a t i o n i n h e r i n t r o d u c t i o n t o t h e E n g l i s h e d i t i o n o f The 
T h e o r y o f R e l a t i v i t y a n d A P r i o r i K n o w l e d g e , R e i c h e n b a c h w r i t e s 

K a n t ' s C r i t i q u e o f P u r e R e a s o n s t a n d s b e f o r e t h e 
p h i l o s o p h y o f o u r C e n t u r y a s a t o w e r i n g e d i f i c e . 
W h o e v e r h a s s o m e t h i n g t o s a y a b o u t p h i l o s o p h y , 
w h o e v e r h a s c o n s t r u c t e d h i s ov-jn p h i l o s o p h i c a l 
s y s t e m d u r i n g t h e l a s t o n e h u n d r e d a n d f i f t y y e a r s , 
h a s b e e n a s t u d e s n t o f K a n t ' s , a n d e v e n i f he 
hasi become K a n t ' s o p p o n e n t , he o n c e l e a r n e d h i s 
p h i l o s o p h i s i n g f r o m h i m . T h o s e who do n o t 
c o n s c i o u s l y c o n t i n u e K a n t s s y s t e m show t h e i r 
c o n t a c t w i t h t h e K a n t i a n m e t h o d a t l e a s t b y t h e i r 
c r i t i q u e o f K a n t ' s i d e a s a n d by f o u n d i n g t h e i r 
own t h e o r i e s u p o n s u c h a c r i t i q u e . 

( R e i c h e n b a c h [ 1 9 6 5 ] , X I X ) 

R e i c h e n t a a c h was e d u c a t e d i n K a n t ' s p h i l o s o p h y i n i t i a l l y t h r o u g h 
A s t e r i n M u n i c h . T h i s was c o n s e q u e n t t o t h e c o n v e r s i o n o f t h e 
y o u n g t r a i n e e E n g i n e e r t o l o o k t o t h e p h i l o s o p h i c a l f o u n d a t i o n s 
o f h i s s c i e n t i f i c k n o w l e d g e . A s t e r ' s a p p r o a c h t o p h i l o s o p h y w i t h 
h i s r e s p e c t f o r e m p i r i c a l i n v e s t i g a t i o n w o u l d t h e r e f o r e be o f 
d i r e c t a p p e a l t o F i l e i c h e n b a c h . K a n t ' s t a s k , o f e s t a b l i s h i n g t h e 
b a s e s o n w h i c h s c i e n t i f i c k n o w l e d g e was p o s s i b l e , was t h e r e f o r e 
t h e m o s t a p p r o p r i a t e w o r k f o r R e i c h e n b a c h t o s t u d y . 

T h e t a s k K a n t h a d s e t h i m s e l f was t o e s t a b l i s h m e t a p h y s i c s on a 
s e c u r e a n d s c i e n t i f i c b a s i s s i m i l a r t o w h a t h a d b e e n a c h i e v e d 
f o r P h y s i c s i n t h e E i g h t e e n t h C e n t u r y . The p r i n c i p l e s o f 
m e c h a n i c s d e v e l o p e d b y N e w t o n w i t h t h e s y s t e m a t i c a p p l i c a t i o n o f 
m a t h e m a t i c s h a d g e n e r a t e d a c o n f i d e n c e , n o t o n l y among 
s c i e n t i s t s , b u t i n e n q u i r i n g t h i n k e r s t h r o u g h o u t E u r o p e , t h a t 
k n o w l e d g e o f t h e p h y s i c a l w o r l d c o u l d b e e s t a b l i s h e d on a f e w 

- 24 



f i r m a n d u n s h a k e a b l e p r i n c i p l e s , 

K a n t h a d s t u d i e d p h i l o s o p h y , t h e o l o g y , p h y s i c s , a n d m a t h e m a t i c s 
a t t h e U n i v e r s i t y o f K o n i g s b e r g , w h e r e he was l a t e r t o be 
a p p o i n t e d a s P r o f e s s o r o f L o g i c a n d M e t a p h y s i c s . R e i c h e n b a c h , i n 
h i s e s s a y o n " K a n t a n d N a t u r a l S c i e ^ n c e " i n 1 9 3 3 , w r i t e s o f h i m 

K a n t h i m s e l f g r e w u p w i t h s t r o n g s c i e n t i f i c 
i n t e r e s t s . Among h i s w r i t i n g s we f i n d a l a r g e 
n u m b e r o f p u r e l y s c i e n t i f i c i n v e s t i g a t i o n s , i n 
VMhich he r e v e a l s h i m s e l f a s an e x a c t i n g e x p e r t i n 
t h e h a n d l i n g o f e m p i r i c a l f a c t s , m a k i n g g r e a t 
e f f o r t s t o d i s c o v e r s y s t e m a t i c c o n n e c t i o n s 
u n d e r l y i n g t h e m , 

( R e i c h e n b a c h [ 1 9 7 8 ] , v , l , 3 9 2 ) 

F^Ieichentaach c o n t i n u e s i n t h i s e s s a y w i t h h i s e n d o r s e m e n t o f 
K a n t ' s c r e d e s n t i a l s w i t h -

. ,. . i t w o u l d n o t be p o s s i b l e t o name many 
p h i l o s o p h e r s t o d a y w i t h s u c h a c o m p r e h e n s i v e 
k n o w l e d g e o f t h e s c i e n c e o f t h e i r t i m e o r s u c h 
an i n t e n s e d e s i r e f o r p a x r t i c i p a t i o n i n s c i e n t i f i c 
t h o u g h t , 

( R e i c h e n b a c h [ 1 9 7 8 ] , v , l , 3 9 2 ) 

K a n t , t h e s c i e n t i s t - p h i l o s o p h e r , was c o n c e r n e d t o e s t a b l i s h w h a t 
c o u l d c o n s t i t u t e k n o w l e d g e . He was c o n c e r n e d w i t h t h e r e a s o n a b l e 
e x t e n t o f m e t a p h y s i c s ; t o d e t e r m i n e vMhich a r g u m e n t s a n d w h i c h 
o b j e c t s o f s t u d y w e r e w i t h i n t h e s c o p e o f human r e a s o n . H i s 
m a j o r w o r k i n s e t t i n g o u t h i s c r i t i q u e i s C r i t i q u e o f P u r e 
l^easjTjQ. f i r s t p u b l i s h e d i n 1 7 8 1 , b u t s u b s e q u e n t l y r e v i s e d i n t h e 
s e c o n d e d i t i o n p u b l i s h e d i n 1 7 8 7 . I n h i s P r e f a c e t o t h e s e c o n d 
e d i t i o n he d e s c r i b e s h i s c o n c e ; r n -

M e t a p h y s i c s ... h a s n o t y e t had t h e g o o d f o r t u n e 
t o e n t e r u p o n t h e s e c u r e p a t h o f a s c i e n c e . 

( K a n t C i ' 9 2 9 ] , 8 x i v ) 

K a n t ' s t w o b a s i c p r i n c i p l e s o f a n a l y s i s a r e t h a t t h e l a w s o f 
l o g i c a r e a v a l i d s y s t e m o f a n a l y s i s o f i d e a s a n d s t a t e m e n t s , 
a n d t h a t human k n o w l e d g e , d e v e l o p e d t h r o u g h t h e m e t h o d s o f 
s c i e n c e , a s e x e m p l i f i e d by G a l i l e o a n d N e w t o n , i s a u n i f i e d a n d 
c o h e r e n t s y s t e m . H i s a r g u m e n t i s t h a t s c i e n t i f i c k n o w l e d g e i s 
made s u b j e c t , t o t h e l a w s o f r e a s o n , n a m e l y o f l o g i c . T h i s 
k n o w l e d g e i s a c q u i r e d t h r o u g h a p p l i c a t i o n o f c e r t a i n a - p r i o r i 
p r i n c i p l e s t o e x p e r i e n c e ; a n d t h e r e f o r e t h e s e a - p r i o r i 
p r i n c i p l e s m u s t f o r m a c o m i p l e t e s e t o f n e c e s s a r y a n d l o g i c a l l y 
c o n n e c t e d c o n c e p t s t h a t d e f i n e t h e t o t a l i t y o f a l l p o s s i b l e 
e x p e r i e n c e , 
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Kant,, i n h i s I n t r o d u c t i o n t o t h e s e c o n d e d i t i o n o f t h e C r i t i g u e 
o f P u r e , R e a s o n , s t a t e s t h a t -

t h o u g h a l l o u r k n o w l e d g e b e g i n s w i t h e x p e r i e n c e , 
i t d o e s n o t f o l l o w t h a t i t a l l a r i s e s o u t o f 
e x p e r i e n c e . 

( K a n t [ 1 9 2 9 ] , B 1 ) 

H i s p r e m i s s i n t h e C r i t i q u e o f P u r e R e a s o n i s t h a t e m p i r i c a l 
k n o w l e d g e i s d e r i v e d by a p j p l y i n g c o n c e p t s t o e x p e r i e n c e o f t h e 
W o r l d . T h u s c o n c e p t s s u c h a s s p a c e , t i m e , o b j e c t , a n d c a u s a l 
d e t e r m i n a t i o n , a r e a p p l i e d t o p r e s e n t e d e x p e r i e n c e t o o r g a n i s e 
i t i n t o a " k n o w a t a l e " f o r m . H i s m e t h o d o f e n q u i r y i s t h e r e f o r e t o 
e x a m i n e t h e c o n d i t i o n s u n d e r w h i c h s u c h k n o w l e d g e c a n be 
o b t a i n e d , rathe-?r t h a n t o s t u d y t h e n a t u r e o f e x p e r i e n c e i t s e l f , 
w h i c h h a d b e e n t h e a p p r o a c h o f t h e E m p i r i c i s t s L o c k e a n d Hume, 
whom he a d m i r e d . As he v M r i t e s i n h i s P r e f a c e t o t h e s e c o n d 
e d i t i o n -

H i t h e r t o i t h a s b e e n a s s u m e d t h a t a l l o u r 
k n o w l e d g e m u s t c o n f o r m t o o b j e c t s . ... We m u s t 
t h e r e f o r e make t r i a l w h e t h e r we may n o t h a v e 
m o r e s u c c e s s i n t h e t a s k s o f m e t a p h y s i c s , i f we 
s u p p o s e t h a t o b j e c t s m u s t c o n f o r m t o o u r k n o w l e d g e . 

( K a n t [ 1 9 2 9 ] , B x v i ) 

K a n t l i k e n e d t h i s voite f a c e t o t h e r e v o l u t i o n t h a t C o p e r n i c u s 
h a d i n t r o d u c e d i n t o A s t r o n o m y — 

F a i l i n g o f s a t i s f a c t o r y p r o g r e s s i n e x p l a i n i n g 
t h e m o v e i r i e n t s o f t h e h e a v e n l y b o d i e s o n t h e 
s u p p o s i t i o n t h a t t h e y a l l r e v o l v e d r o u n d t h e 
s p e c t a t o r , he t r i e d w h e t h e r he m i g h t , n o t h a v e 
b e t t e r s u c c e s s i f he made t h e s p e c t a t o r t o r e v o l v e 
a n d t h e s t a r s t o r e m a i n a t r e s t . 

( K a n t [ 1 9 2 9 ] , B x v i i ) 

F o r K a n t , t h e r e f o r e , t h e r e a r e -

a - p r i o r i c o n c e p t s t o w h i c h a l l o b j e c t s o f 
e x p e r i e n c e n e c e s s a r i l y c o n f o r m , a n d w i t h w h i c h 
t h e y m u s t a g r e e . 

( K a n t [ 1 9 2 9 ] , B x v i i i ) 

T h i s s t a t e m e n t s p e c i f i e s t h e f o c u s o f K a n t ' s c o n c e r n i n t h e 
C r i t i q u e o f P u r e F<eason 5 o f d e t e r m i n i n g t h o s e a - p r i o r i c o n c e p t s 
w h i c h human r e a s o n b r i n g s t o e x p e r i e n c e t o make i t k n o w a b l e . 
E m p i r i c a l e x p e r i e n c e c o m e s t o u s t h r o u g h o u r s e n s e s ? b u t s e n s o r y 
e x p e r i e n c e r e q u i r e s o r d e r i n g i n t o a c o n c e p t u a l i s e d s c h e m a f o r i t 
t o be u n d e r s t o o d n T h u s t h e v i s u a l a n d t a c t i l e s e n s a t i o n s o f a 
t a b l e a r e m e r e s e n s a t i o n s u n l e s s t h e c o n c e p t o f a t a b l e i s 
a p p l i e d ^ I n a p p l y i n g t h e c o n c e p t " t a b l e " , an a s s e r t i o n i s b e i n g 
made t h a t a p a r t o f t h e e m p i r i c a l w o r l d - n a m e l y a t a b l e - i s 
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b e i n g e n c o u n t e r e d , a s o p p o s e d t o a f o r m o f s e n s o r y i l l u s i o n . I t 
i s a p p l i c a t i o n o f t h e c o n c e p t " t a b l e " t h a t human r e a s o n i m p o s e s 
o n s e n s a t i o n , a n d t h i s c o n c e p t u a l i s a t i o n i s t o be e f f e c t e d 
t h r o u g h a n o r d e r e d s c h e m e s o t h a t t h e t o t a l i t y o f e x p e r i e n c e i s 
c o n s i s t e n t , - a c o n s i s t e n c y w h i c h N i n t e e n t h C e n t u r y s c i e n c e 
d e m o n s t r a t e d t o K a n t , T h i s c o n s i s t e n c y c a n o n l y be a c h i e v e d f o r 
K a n t i f a p p l i e d c o n c e p t s c o n f o r m t o a c o m p l e t e s y s t e m o f l o g i c a l 
r u l e s e m p l o y e d b y human r e a s o n , - a x - p r i o r i r u l e s . T h u s t h e s e 
a - p r i o r i r u l e s a r e a n e c e s s a r y c o n d i t i o n o f k n o w l e d g e a n d f o r m a 
c o m p l e t e s y s t e m o f l o g i c , a n d f u r t h e r t r p o r e i n b e i n g a n e c e s s a r y 
c o n d i t i o n t h e y f u r n i s h j u d g m e n t s w h i c h a r e i r r e f u t a b l e by 
e m p i r i c a l e x p e r i e n c e , K a n t s e e s t h a t h i s p r i m a r y o b j e c t i v e i s t o 
i d e n t i f y t h e s e a - p r i o r i j u d g m e n t s , w h i c h c o n s t i t u t e a s e t o f 
i r r e f u t a b l e s t a t e m e n t s o f k n o w l e d g e . I r r e f u t a b l e , b e c a u s e t h e y 
c o n s t i t u t e t h e v e r y r u l e s by w h i c h e m p i r i c a l k n o w l e d g e i s 
o b t a i n e d , a n d a l s o i m m u t a b l e , b e c a u s e t h e y d e r i v e d i r e c t l y f r o m 
a p r o v e n s y s t e m o f l o g i c . 

D u r i n g t h e p e r i o d i n w h i c h he made t h e r e v i s i o n s t o T h e C r i t i q u e 
o f P u r e R e a s o n p r i o r t o t h e s e c o n d e d i t i o n , K a n t p u b l i s h e d t h e 
P r c i l o g omen <5 t o A n y F u t u r e M e t a p h y s i c s i n 1 7 8 3 . I n t h i s he 
c l a r i f i e s t h e n a t u r e o f t h e a - p r i o r i r u l e s he i s a t t e m p t i n g t o 
elucid£!te 

J u d g m e n t s , when c o n s i d e r e d m e r e l y a s t h e c o n d i t i o n s 
o f t h e u n i o n o f g i v e n r e p r e s e n t a t i o n s i n a c o n s c i o u s n e s s , 
a r e r u l e s . T h e s e r u l e s ,,, a r e r u l e s a p r i o r i , a n d 
s o f a r a s t h e y c a n n o t be d e d u c e d f r o m h i g h e r r u l e s , 
a r e f u n d a m e n t a l p r i n c i p l e s , E'fut i n r e g a r d t o t h e 
p o s s i b i l i t y o f a l l e x p e r i e n c e , ,,. no c o n d i t i o n s o f 
j u d g m e n t o f e x p e r i e n c e a r e h i g h e r t h a n t h o s e w h i c h 
b r i n g t h e p h e n o m e n a , a c c o r d i n g t o t h e v a r i o u s f o r m s 
o f t h e i r i n t u i t i o n , u n d e r p u r e c o n c e p t s o f t h e 
u n d e r s t a n d i n g , a n d r e n d e r t h e e m p i r i c a l j u d g m e n t 
o b j e c t i v e l y v a l i d . T h e s e c o n c e p t s a r e t h e r e f o r e t h e 
di! priori p r i n c i p l e s o f p o s s i b l e e x p e r i e n c e . 
The p r i n c i p l e s o f p o s s i b l e e x p e r i e n c e £jre a t t h e 
same t i m e u n i v e r s a l l a w s o f n a t u r e , w h i c h c a n be 
c o g n i s e d a p r i o r i , 

( K a n t [ 1 9 0 2 ] , 6 4 ) 

I n t h e C r i t i q u e o f P u r e R e a s o n , K a n t p r o c e e d s i n h i s a n a l y s i s o f 
t h e b a s i s o f k n o w l e d g e i n r e a s o n , s e c u r e i n t h e s y s t e m o f l o g i c 
d e r i v e d f r o m A r i s t o t l e , f o r -

T h a t l o g i c h a s e^l r e a d y ,„.„ p r o c e e d e d u p o n t h i s 
s u r e p a t h i s e v i d e n c e d by t h e f a c t t h a t s i n c e 
A r i s t o t l e i t h a s n o t r e q u i r e d t o r e t r a c e a 
s i n g l e s t e p , . . . . . I t i s rc-?markable a l s o t h a t t o 
t h e p r e s e n t d a y t h i s l o g i c h a s n o t b e e n a b l e t o 
a d v a n c e a s i n g l e s t e p , a n d i s t h u s t o a l l 
a p p e a r a n c e a c l o s e d a n d c o m p l e t e d b o d y o f 
d o c t r i n e . 

( K a n t [ 1 9 2 9 ] , B v i i i ) 
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H i s p l a n o f a t t a c k t h e r e f o r e i s t o d r a w u p t h e c o m p l e t e l o g i c a l 
s t r u c t u r e o f k n o w l e d g e a n d he c o m p i l e s an A r i s t o t e l i a n T a b l e o f 
J u d g m e n t s a n d a n a s s o c i a t e d T a b l e o f C a t e g o r i e s - o f c o n c e p t s -
t o w h i c h e m p i r i c a l s t a t e m e n t s m u s t c o n f o r m . T h i s i s t h e b a s i s o f 
h i s f o u r a - p r i o r i c a t e g o r i e s , - Q u a n t i t y a n d Q u a l i t y , w h i c h K a n t 
d e s c r i b e s a s c o n c e p t s a p p l y i n g t o o b j e c t s a s t h i n g s i n 
t h e m s e l v e s ; a n d F ^ e l a t i o n a n d M o d a l i t y , w h i c h a p p l y t o r e l a t i o n s 
b e t w e e n o b j e c t s o r t o t h e i r i n t e r a c t i o n w i t h k n o w l e d g e . 

K a n t d e s c r i b e s 
. ..1. 

t h i s e p i s t e m o l o g i c a l a p p r o a c h a s t h e 
trainscBndent&i method^ a n a l y s i s o f t h e r u l e s t h a t we n e c e s s a r i i y 
a p p l y t o o u r u n s t r u c t u r e d e x p e r i e n c e i n o r d e r t o make i t 
o b j e c t i v e k n o w l e d g e . T h e s e r u l e s a r e t h o s e V4e a p p l y when we f o r m 
c o n c e p t s o f o b j e c t s a n d r e l a t e t h e m w i t h i n t h e e m p i r i c a l w o r l d . 

T h e t e r m " t r a n s c e n d e n t a l " ... s i g n i f i e s s u c h k n o w l e d g e 
a s c o n c e j r n s t h e a p r i o r i p o s s i b i l i t y o f k n o w l e d g e , o r 
i t s a p r i o r i e m p l o y m e n t . 

( K a n t [ 1 9 2 9 ] , B 8 1 ) 

He e x p l a i n s i n m o r e d e t a i l i n d e s c r i b i n g a t r a n s c e n d e n t a l l o g i c 

T h i s ... l o g i c , w h i c h s h o u l d c o n t a i n s o l e l y t h e r u l e s 
o f t h e p u r e t h o u g h t o f an o b j e c t , w o u l d e x c l u d e o n l y 
t h o s e m odes o f k n o w l e d g e w h i c h h a v e e m p i r i c a l c o n t e n t . 
I t w o u l d a l s o t r e a t o f t h e o r i g i n o f t h e modes i n 
w h i c h we know o b j e c t s , i n s o f a r a s t h a t o r i g i n c a n n o t 
be a t t r i b u t e d t o t h e o b j e c t s . 

( K a n t [ 1 9 2 9 ] , A 5 6 ) 

i n T h e B o u n d s o f S e n s e S t r a w s o n . 
s y m p a t h e t i c w i t h K a n t ' s o b j e c t i v e 
f o r s c i e n t i f i c k n o w l e d g e , m a k e s 
t r a n s c e n d e n t a l a n a l y s i s i s d i r e c t e d 

a l t h o u g h n o t e n t i r e l y 
o f p r o v i d i n g a s e c u r e b a s i s 
a c l e a r p r e c i s o f w h e r e 

i t s f u n d a m e n t a l p r e m i s s i s t h a t e x p e r i e n c e c o n t a i n s a 
d i v e r s i t y o f e l e m e n t s ( i n t u i t i o n s ) w h i c h ... m u s t 
somehow be u n i t e d i n a s i n g l e c o n s c i o u s n e s s c a p a b l e 
o f j u d g e m e n t , ... [ a n d ] t h i s u n i t y r e q u i r e s ... a 
c o n n e c t e d n e s s o n t h e p a r t o f t h e m u l t i f a r i o u s 
e l e m e n t s o f e x p e r i e n c e , ... a s i s r e q u i r e d f o r 
e x p e r i e n c e t o h a v e t h e c h a r a c t e r o f e x p e r i e n c e o f 
a u n i f i e d o b j e c t i v e w o r l d a n d h e n c e t o be c a p a b l e 
o f b e i n g a r t i c u l a t e d i n o b j e c t i v e e m p i r i c a l j u d g e m e n t s . 

( S t r a w s o n [ 1 9 6 6 ] , 8 7 ) 

B u c h d a h l , i n M e t a p h y s i c s a n d t h e P h i l o s o p h y o f S c i e n c e , i s 
u n r e l e n t i n g i n e l u c i d a t i n g t h e r e q u i r e m e n t f o r e x p e r i e n c e o f a 
u n i f i e d o b j e c t i v e w o r l d , a n d he s e e s i t " a s a p r e s u p p o s i t i o n o f 
s c i e n t i f i c r e s e a r c h " , a n d , u s i n g q u o t e s f r o m K a n t , p r o c e e d s -

r e a s o n i s re-?garded, n o t a s aBsuming ( " d o g m a t i c a l l y " ) 
the e x i s t e n c e o f a u n i t y , b u t a s s o m e t h i n g " w h i c h 
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[ i t s e l f ] requires us to seek for t h i s u n i t y " . 
(Buchdahl [ 1 9 6 9 ] , 5 0 6 ) 

Buchdahl i s t h e r e f o r e enabled to proceed, i n sympathy w i t h 
K a n t ' s i n t e n t i o n s , t o summairise the t r a n s c e n d e n t a l a c t of reason 

the nec63ssary u n i t y i s t r a n s c e n d e n t a l . And to say 
t h a t i t i s t r a n s c e n d e n t a l i s eigain to say t h a t i t 
i s a c o n d i t i o n upon which a l o n e a n y t h i n g can be 
c o n c e i v e d ( c o g n i s e d ) a s e m p i r i c a l l y r e a l , a s an 
o b j e c t ; w h i l s t a t the same time ... i t i s a c o n d i t i o n 
of o u r s e l v e s being c o n s c i o u s l y c o g n i s a n t of any 
s u c h o b j e c t s . 

(Buchdahl [ 1 9 6 9 ] , 6 3 3 ) 

B e f o r e p r o c e e d i n g w i t h an a n a l y s i s of the l o g i c a l c a t e g o r i e s he 
has t a b u l a t e d , Kant i n the " T r a n s c e n d e n t a l A e s t h e t i c " examines -

t h a t which so determ.ines the m a n i f o l d of 
appearaince t h a t i t a l l o w s of being ordered i n 
c e r t a i n r e l a t i o n s , I term the form of appearance. 
That i n which a l o n e the s e n s a t i o n s can be p o s i t e d 
and o r d e r e d i n a c e r t a i n form, cannot i t s e l f be 
s e n s a t i o n ; and t h e r e f o r e , w h i l e the matter of a l l 
a p p e a r a n c e i s g i v e n us a - p o s t e r i o r i o n l y , i t s form 
must l i e ready f o r the s e n s a t i o n s a - p r i o r i i n the 
mind, ... t h i s pure form of s e n s i b i l i t y may a l s o 
i t s e l f be c a l l e d pure intuition t h e r e a r e 
two pure forms of s e n s i b l e i n t u i t i o n , s e r v i n g a s 
p r i n c i p l e s of a - p r i o r i knowledge, namely, spac e 
and time, 

(Kant [ 1 9 2 9 ] , A 2 0 , 2 2 ) 

C o n c e p t u a l i s e d e x p e r i e n c e must be o r g a n i s e d w i t h i n a domain; a 
domain on which the a - p r i o r i p r i n c i p l e s t h a t c o n t r o l concept 
f o r m a t i o n form a complete s e t of l o g i c a l o p e r a t o r s , Kant r e g a r d s 
t h i s domain a s c o m p r i s i n g two m a n i f o l d s , - one s p a t i a l and one 
t e m p o r a l . The s p a t i a l m a n i f o l d , - the space of our e x p e r i e n c e -, 
i s where r e l a t i o n s h i p s between o b j e c t s of e x p e r i e n c e a r e 
d e t e r m i n e d , and where t h e s e o b j e c t s a r e a l s o p o s i t e d i n r e l a t i o n 
to t h e s e l f . The temporal m a n i f o l d p r o v i d e s a l i n k through time 
of o b j e c t s to t h e m s e l v e s and to each o t h e r , but a l s o e n a b l e s the 
s e l f a s r e c i p i e n t of e x p e r i e n c e to p a r t i c i p a t e w i t h i n t h e s e 
r e l a t i o n s h i p s . The s p a t i a l m a n i f o l d p r o v i d e s the framework, but 
the temporal m a n i f o l d i n t r o d u c e s the s e l f as a c t i v e p a r t i c i p a n t . 

Space i s r e g a r d e d by Kant a s the? "manifold of o u t e r i n t u i t i o n " 
i n which we d i s e n t a n g l e our p e r c e p t i o n s to a r r a n g e them a s 
o b j e c t s f o r knowledge, and he w r i t e s -
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I t [ S p a c e ] m u s t t h e r e f o r e be r e g a r d e d a s t h e 
c o n d i t i o n o f t h e p o s s i b i l i t y o f a p p e a r a n c e s , ... . 
I t i s an a - p r i o r i r e p r e s e n t a t i o n , w h i c h n e c e s s a r i l y 
u n d e r l i e s o u t e r a p p e a r a n c e s . S p a c e i s e s s e n t i a l l y 
o n e ; .... i t f o l l o w s t h a t an a - p r i o r i , and n o t an 
e m p i r i c a l J i n t u i t i o n u n d e r l i e s a l l c o n c e p t s o f 
s p a c e . 

( K a n t 1 1 9 2 9 3;, B 3 9 , A 2 5 ) 

T h u s , s p a c e f o r K a n t i s n o t an e m p i r i c a l c o n c e p t d e r i v e d from 
e x p e r i e n c e , b u t i s a f o r m o f o r d e r t h a t we n e c e s s a r i l y i m p o s e on 
o u r e x p e r i e n c e . I n t h i s s e n s e t h e g e o m e t r i c a l p r o p e r t i e s we 
impose? on s p a c e a r e , i n f a c t , i m p o s i t i o n s , and n o t d e r i v e d 
e m p i r i c a l l y . 

We a s i s e r t , t h e n , t h e empirical reality o f s p a c e , a s 
r e g a r d s a l l p o s s i b l e o u t e r e x p e r i e n c e ? and y e t a t t h e 
same t i m e we a s s e r t i t s transcende-ntal ideal ity - i n 
o t h e r w o r d s , t h a t i t i s n o t h i n g a t a l l , i m m e d i a t e l y 
we w i t h d r a w t h e a b o v e c o n d i t i o n , n a m e l y , i t s 
l i m i t a t i o n t o p o s s i b l e e x p e r i e n c e 

( K a n t [ 1 9 2 9 ] , A 2 8 ) 

T h u s , S p a c e , i n w h i c h we e s t a b l i s h o u r k n o w l e d g e o f t h e 
a r r a n g e m e n t o f o b j e c t s i s a u n i t y , and o r g a n i s e d by r e a s o n 
i t s e l f s o t h a t i t s g e o m e t r y i s a l s o d e t e r m i n e d by a - p r i o r i and 
r i e c e s s a r y r u l e s . K a n t ' s c o n f i r m a t i o n o f t h e f o r c e o f t h i s 
a r g u m e n t i s i n t h e " a p o d e i c t i c c e r t a i n t y " o f c o n c l u s i o n s d e r i v e d 
f r o m E u c l i d e a n g e j o m e t r y , w h i c h , f o r t h e s c i e n c e o f h i s t i m e , was 
t h e g e o m e t r y o f e m p i r i c a l s p a c e . 

g e o m e t r i c a l p r o p o s i t i o n s , t h a t , f o r i n s t a n c e , 
i n a t r i a n g l e two s i d e s t o g e t h e r a r e g r e a t e r 
t h a n t h e t h i r d , c a n n e v e r be d e r i v e d f r o m t h e 
g € ; n e r a l c o n c e p t s o f l i n e and t r i a n g l e , b u t 
o n l y f r o m i n t u i t i o n , and t h i s i n d e e d a - p r i o r i , 
w i t h a p o d e i c t i c certainty™ 

( K a n t [ 1 9 2 9 3 , A 2 5 ) 

G i v e n K a n t ' s h i s t o r i c a l c o n t e x t , and t h e i n f l u e n c e o f N e w t o n i a n 
mech£u-iics on h i s v i e w o f s c i e n t i f i c k n o w l e d g e , i t m i g h t be 
s u p p o s e d t h a t , i n d e m a n d i n g a u n i f i e d s p a t i a l c o n t e x t f o r t h e 
v j o r l d o f o b j e c t s , he i s r e c o m m e n d i n g an absol ute space of a k i n d 
v j h i c h had been c h a l l e n g e d by L e i b n i z . I n t h e C r i t i q u e o f P u r e 
R e a s o n t h i s i s n o t e x p l i c i t l y e x p l o r e d , b u t i n t h e M e t a p h y s i c a l 

w h i c h 
i n t e n d e d a s an 
t h e i s s u e . 

wa? p u b l i s h e d i n 1/86 and 
a x i o m a t i c b a s i s f o r n a t u r a l s c i e n c e , he c l a r i f i e s 

F i r s t l y , a l l m o t i o n o r r e s t c a n be m e r e l y r e l a t i v e 
a nd n e i t h e r c a n be a b s o l u t e , i . e . , m a t t e r c a n be 
t h o u g h t o f a s moved o r a t r e s t o n l y i n r e l a t i o n t o 
m a t t e r and n e v e r a s r e g a r d s mere s p a c e w i t h o u t m a t t e r , 
T h e r e f o r e , a b s o l u t e m o t i o n ... i s s i m p l y i m p o s s i b l e . 
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S e c o n d l y , f o r t h i s v e r y r e a s o n no c o n c e p t o f m o t i o n 
o r r e s t i n re].£\tive s p a c e and v a l i d f o r e v e r y 
appe3arancc-: i s p o s s i b l e . B u t a s p a c e must be t h o u g h t o f 
i n w h i c h t h i s r e l a t i v e s p a c e c a n be t h o u g h t o f a s 
moved; .... t h a t i s , an a b s o l u t e s p a c e , t o w h i c h a l l 
r e l a t i v e m o t i o n s c a n be r e f e r r e d , must be t h o u g h t o f . 

( K a n t C l ' ? 7 0 ] , 1 2 6 ) 

K a n t ' s p o i n t i s t h a t o u r e x p e r i e n c e i n e v i t a b l y r e l a t e s t h e w o r l d 
o f o b j e c t s w i t h i n a r e l a t i v e f r a m e w o r k ; we s p a t i a l l y l o c a t e t h e 
o b j e c t s g i v e n u s i n e x p e r i e n c e a g a i n s t o u r l o c a l s p a t i a l 
r e f e r e n c e f r a m e w o r k s . I n o r d e r t o c o m p r e h e n d t h e r e l a t i o n s h i p o f 
t h e s e p a r t i c u l a r o b j e c t s w i t h t h e t o t a l i t y o f t h e o b j e c t i v e 
w o r l d we? h a v e t o h a v e an idexa o f an a l l - e m b r a c i n g s p a t i a l 
r e f e r e n c e f r a m e . E-tut, j u s t a s o u r l o c a l s p a t i a l r e f e r e n c e f r a m e 
i s j u s t a f r a m e and n o t an i n d e p € ^ n d e n t l y g i v e n e m p i r i c a l o b j e c t , 
- i n K a n t ' s t e r m s i t i s " t r a n s c e n d e n t a l l y i d e a l " s o t o o i s 
t h e a l l - e m b r a c i n g f r a m e w o r k t h a t we r e l a t e t h i s t o . 

K a t h l e e n O k r u h l i k , i n h e r a r t i c l e " K a n t on R e a l i s m and 
M e t h o d o l o g y " ( B u t t s ( e d ) [ 1 9 8 6 ] , 3 0 7 - 3 2 9 ) , r e g a r d s K a n t ' s 
c o n c e p t o f a b s o l u t e s p a c e a s a l i m i t i n g i d e a l -

a b s o l u t e s p a c e i s a s o r t o f l i m i t i n g i d e a l w i t h i n 
V'jhich we a r e f r e e t o make w h a t e v e r e n l a r g e m e n t s a r e 
n e c e s s a r y i n o r d e r t o a c h i e v e a u n i f i e d t r e a t m e n t o f 
a l l e m p i r i c a l m o t i o n s . 

( O k r u h l i k [ 1 9 8 6 ] , 3 0 9 ) 

M i c h a e l F r i e d m a n , i n h i s e s s a y " M e t a p h y s i c a l F o u n d a t i o n s o f 
N e w t o n i a n S c i e n c e " ( B u t t s ( e d ) [ 1 9 8 6 ] , 2 5 - 6 0 ) a l s o c o n s t r u e s 
K a n t ' s a b s o l u t e s p a c e a s " t h e i d e a l e n d - p o i n t o f t h i s 
c o n s t r u c t i v e p r o c e d u r e - t h e i n e r t i a l f r a m e t o w a r d s w h i c h i t 
[ s u c c e s s i v e i d e a l i s a t i o n s o f t h e l o c a l r e l a t i v e s p a t i a l f r a m e ] 
c o n v e r g e s " (F'riedman [ 1 9 8 6 ] , 3 5 ) . 

K a n t i s t h e r e b y e n a b l e d t o a v o i d t h e L e b n i r . i a n c r i t i c i s m o f 
s p e c i f y i n g an i n d e p e n d e n t l y g i v e n a b s o l u t e s p a c e , and he 
p r o v i d e s a s e t t i n g f o r an o b j e c t i v e w o r l d t o w h i c h u n i v e r s a l 
p h y s i c a l l a w s c a n a p p l y . H i s s e t t i n g i s e f f e c t i v e l y t h a t f o r 
w h i c h E i n s t e i n ' s P r i n c i p l e o f R e l a t i v i t y c a n be a p p l i e d . 

K a n t ' s a n a l y s i s o f T i m e i s s i m i l a r t o h i s e x a m i n a t i o n o f S p a c e , 
e x c e p t i n g t h a t he s e e s T i m e a s -

t h e f o r m a l a - p r i o r i c o n d i t i o n o f a l l a p p e a r a n c e s 
whaxtsos^ver. S p a c e s e r v e s a s t h e a - p r i o r i 
c o n d i t i o n o n l y o f o u t e r a p p e a r a n c e s . 

( K a n t [ 1 9 2 9 ] , A 3 4 ) 

I n T h e B o u n d s o f S e n s e S t r a w s o n o b s e r v e s 
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t h e i d e a o f e x p e r i e n c e i n g e n e r a l s e e m s t o be t r u l y 
i n s e p a r a b l e f r o m t h a t o f a. t e m p o r a l s u c c e s s i o n o f 
ex p e r ienc£?. 

( S t r a w s o n [ 1 9 6 6 ] , 50) 

T i m e , t h e r e f o r e , i n a d d i t i o n t o p r o v i d i n g an o r d e r i n g of 
e m p i r i c a l e v e n t s , a l s o p r o v i d e s t h a t o r g a n i s a t i o n o f " i n n e r 
s e n s e " t h a t g i v e s t h e e s s e n t i a l u n i t y t o s e l f a s perceiver„ I t 
a l s o — 

Is t h e r e f o r e t o be r e g a r d e d . . . . a s t h e mode o f 
r e p r e s e n t a t i o n o f m y s e l f a s o b j e c t . 

( K a n t [ 1 9 2 9 ] , B 54) 

T h e t i m e m a n i f o l d i s a d d i t i o n a l l y s e e n by K a n t a s p r o v i d i n g f o r 
t h e c o n c e p t o f p e r s i s t e n c e i n o b j e c t s a s a b a s i s f o r k n o w l e d g e 
o f them. 

K a n t r e t u r n s t o t h e o b j e c t i v e s t r u c t u r i n g o f t h e t i m e m a n i f o l d 
when he c o n s i d e r s t h e a p p l i c a t i o n o f c a u s a l o r d e r i n g i n t h e 
S e c o n d A n a l o g y w h i c h i s c o n s i d e r e d l a t e r . 

I n h i s t h r e e A n a l o g i e s o f E x p e r i e n c e K a n t r e t u r n s t o h i s T a b l e 
o f C a t e g o r i e s t o g i v e det£siled c o n s i d e r a t i o n t o t h e c a t e g o r y o f 
R e l a t i o n i n i t s t h r e e m a n i f e s t a t i o n s , -- s u b s i s t e n c e ( s u b s t a n c e ) , 
c a u s a l i t y , and c o m m u n i t y . He w r i t e s ~ 

E x p e r i e n c e i s an e m p i r i c a l k n o w l e d g e , t h a t i s , 
a k n o w l e d g e w h i c h d e t e r m i n e s an o b j e c t t h r o u g h 
p e r c e p t i o n s . I t i s a s y n t h e s i s o f p e r c e p t i o n s , 
..... T h i s s y n t h e t i c u n i t y c o n s t i t u t e s t h e 
e s s e n t i a l i n a n y k n o w l e d g e o f o b j e c t s o f t h e 
s e n s e s 

( K a n t [ 1 9 2 9 ] , B 2 1 8 ) 

and he c o n t i n u e s 
s u c c e s s i o n -

e x a m i n i n g t h i s s y n t h e t i c u n i t y i n t e m p o r a l 

t h e d e t e r m i n a t i o n o f t h e e x i s t e n c e o f o b j e c t s i n 
t i m e c a n t a k e p l a c e o n l y t h r o u g h t h e i r 
r e l a t i o n i n t i m e i n g e n e r a l , and t h e r e f o r e 
o n l y t h r o u g h c o n c e p t s t h a t c o n n e c t them a - p r i o r i , 
. . ,. . The t h r e e modes o f t i m e a r e duratian, 
s u c c e s s i o n , and c o - e x i s t e n c e . T h e r e w i l l , 
t h e r e f o r e , be t h r e e r u l e s o f a l l r e l a t i o n s 
o f a p p e a r a n c e s i n t i m e , and t h e s e r u l e s w i l l be 
p r i o r t o a i l e x p e r i e n c e , and i n d e e d make i t 
p o s s i b l e . 

( K a n t [ 1 9 2 9 ] , B 2 1 9 ) 

He p r o c e e d s t o e x a m i n e t h e s e t h r e e a ~ p r i o r i r e l a t i o n s h i p ? 



f u n d a m e n t a l t o p h y s i c a l k n o w l e d g e . F o r duration he p o s i t s t h e 
" P r i n c i p l e o f P e r m a n e n c e o f S u b s t a n c e " and c o n c l u d e s -

P e r m a n e n c e i s t h u s a n e c e s s a r y c o n d i t i o n u n d e r 
. w h i c h a l o n e a p p e a r a n c e s a r e d e t e r m i n a b l e a s 
t h i n g s o r o b j e c t s i n a p o s s i b l e e x p e r i e n c e . 

( K a n t [ 1 9 2 9 3, A 1 8 9 ) 

I n r e a c h i n g t h i s c o n c l u s i o n he r e f e r s t o o u r a b s o l u t e a c c e p t a n c e 
" t h a t n o t h i n g a r i s e s o u t o f n o t h i n g " and t o t h e c o n s e r v a t i o n o f 
w e i g h t o f s u b s t a n c e t h r o u g h p h y s i c a l t r a n s f o r m a t i o n s -

e v e n i n f i r e t h e m a t t e r ( s u b s t a n c e ) d o e s n o t v a n i s h , 
b u t o n l y s u f f e r s an a l t e r a t i o n o f f o r m . 

( K a n t [ 1 9 2 9 3 , A 1 0 5 ) 

K a n t t h u s i l l u s t r a t e s , n o t an e m p i r i c a l c o n c l u s i o n , b u t t h a t t h e 
p r e - s u p p o s i t i o n o f human r e a s o n i s t h a t when s o m e t h i n g b u r n s t h e 
c o n s t i t u e n t m a t t e r g o e s somewhere - p r e s u m a b l y i n t o t h e smoke. 
W i t h o u t t h e p e r m a n e n c e o f s u b s t a n c e a s an a - p r i o r i p r i n c i p l e i t 
i s i m p o s s i b l e t o c o n s t r u c t a body o f k n o w l e d g e o f m a t e r i a l 
t h i n g s . 

I n h i s " S e c o n d A n a l o g y " , K a n t r e g a r d s t h e p r i n c i p l e o f 
s u c c e s s i o n a s a p p l i c a t i o n a - p r i o r i o f t h e "Law o f C a u s a l i t y " . 
K a n t ' s argumient f o r t h e n e c e s s i t y o f a p p l y i n g c a u s a l r e a s o n i n g 
t o s u c c e s s i v e e x p e r i e n c e s h i n g e s on t h e n e c e s s i t y t o make 
s u b j e c t i v e e x p e r i e n c e an o b j e c t i v e f a c t -

I re^nder my s u b j e c t i v e s y n t h e s i s o f a p p r e h e n s i o n 
o b j e c t i v e o n l y by r e f e r e n c e t o a r u l e i n a c c o r d a n c e 
w i t h v-jhich t h e a p p e a r a n c e s i n t h e i r s u c c e s s i o n , t h a t 
i s , a s t h e y h a p p e n , a r e d e t e r m i n e d by t h e 
p r e c e d i n g s t a t e ; . The e x p e r i e n c e o f an e v e n t ... i s 
i t s e l f p o s s i b l e o n l y on t h i s a s s u m p t i o n . 

( K a n t [ 1 9 2 9 3, A 1 9 5 ) 

I t i s t h e a p p l i c a t i o n o f t h e a - p r i o r i c a u s a l p r i n c i p l e t h a t 
t h e r e f o r e i m p o s e s an o r d e r on t h e t e m p o r a l m a n i f o l d o f e m p i r i c a l 
e v e n t s , w h i c h g i v e s i t o b j e c t i v e s i g n i f i c a n c e a s o p p o s e d t o t h e 
t i m e o r d e r o f i n n e r s e n s e , - o f s u b j e c t i v e e x p e r i e n c e . The 
a b s e n c e o f a c o n c e p t o f o b j e c t i v e c a u s a l o r d e r i n g w o u l d d e p r i v e 
u s o f t h e f a c i l i t y t o r e a c h beyond t h e s u b j e c t i v e t i m e o r d e r o f 
s e n s o r y e x p e r i e n c e , and w o u l d d e p r i v e u s o f o b j e c t i v e t e m p o r a l 
s u c c e s s i o n . 

K a n t c o u n t e r s Hume's e m p i r i c a l s c e p t i c i s m o f t h e s t r i c t 
n e c e s s i t y o f c a u s a l c o n n e c t i o n s i n "The D i s c i p l i n e o f P u r e 
R e a s o n " ( K a n t [ 1 9 2 9 3 , A 7 6 4 - 7 6 9 , B 7 9 2 - 7 9 7 ) . Hume had shown t h a t 
on t h e b a s i s o f e m p i r i c a l i n v e s t i g a t i o n -

that there i s nothing in any object,, considered 
in itself, w h i c h c a n afford us a reason for 



dr<ztving a c o n c l u s i o n b e y o n d i t ; a n d , t b a t e v e n 
a f t e r t h e o b s e r v a t i o n o f t b e f r e q u e n t o r c o n s t a n t 
c o n j u n c t i o n o f o b j e c t s , M'e b a v e no r e a s o n t o d r a w 
a n y i . n f e r e n c e c o n c e r n i n g a n y o b j e c t b e y o n d t b o s e o f 
which we b a v e b a d e x p e r i e n c e 

(Hume [ 1 9 7 8 ] , 1 3 9 ) 

K a n t ' s r e b u t t a l o f t h i s s c e p t i c i s m i s t h a t a n e c e s s a r y 
p r e - c o n d i t i o n f o r i m p o s i n g o r d e r on e x p e r i e n c e t o make i t 
k n o w a b l e , i s t h a t we u n d e r s t a n d t h a t e v e n t s a r e c a u s a l l y r e l a t e d 
i n t h e o b j e c t i v e w o r l d . He a g r e e s w i t h Hume, h o w e v e r , t h a t -

a - p r i o r i , i n d e p e n d e n t l y o f e x p e r i e n c e , I c o u l d 
n o t d e t e r m i n e , i n a n y s p e c i f i c wanner, e i t h e r 
t h e c a u s e f r o m t h e e f f e c t , o r t h e e f f e c t from 
t h e c a u s e -

( K a n t [ 1 9 2 9 ] , A 7 6 6 , B 7 9 4 ) 

C o n c l u d i n g h i s c a s e a g a i n s t Hume, he w r i t e s -

The p a s s i n g b e y o n d t h e c o n c e p t o f a t h i n g 
t o p o s s i b l e e x p e r i e n c e ( w h i c h t a k e s p l a c e a - p r i o r i 
and c o n s t i t u t e s t h e o b j e c t i v e r e a l i t y o f t h e 
c o n c e p t ) he c o n f o u n d e d w i t h t h e s y n t h e s i s o f t h e 
o b j e c t s o f a c t u a l e x p e r i e n c e , w h i c h i s a l w a y s 
e m p i r i c a l . 

( K a n t [ 1 9 2 9 ] , A 7 6 6 , B 7 9 4 ) 

T h u s he a g r e e s w i t h Hume t h a t i t i s n o t p o s s i b l e t o s p e c i f y w i t h 
a b s o l u t e c e r t a i n t y w h a t t h e c a u s a l c o n n e c t i o n a c t u a l l y i s i n 
p a r t i c u l a r c i r c u m s t a n c e s , b u t a - p r i o r i we c a n s a y t h a t some 
c a u s a l c o n n e c t i o n i s a t work and i t i s t h e t a s k o f e m p i r i c a l 
s c i e n c e , on th&? b a s i s o f o b s e r v a t i o n s , t o g e n e r a t e c a u s a l 
h y p o t h e s e s . W i t h o u t t h e a - p r i o r i u n d e r s t a n d i n g t h a t t e m p o r a l 
e v e n t s a r e c a u s a l l y o r d e r e d , viB l o s e g r a s p o f t h e u n i t y o f t h e 
e m p i r i c a l w o r l d , e v e n t h o u g h we h a v e no a - p r i o r i c o n c e p t i o n o f 
t h e i n d i v i d u a l c a u s a l c o n n e c t i o n s . 

Eriuchdahl e x p r e s s e s t h i s p o i n t c l e a r l y i n r e f u t i n g S t r a w s o n ' s 
i n t e r p r e t a t i o n t h a t K a n t was c l a i m i n g n e c e s s a r y c a u s a l 
r e l a t i o n s h i p s -

K a n t i s o n l y a r g u i n g t h a t , g i v e n some s u c h s u c c e s s i o n 
[ o f e v e n t s ] , t h e g e n e r a l c o n c e p t o f s u c h a h a p p e n i n g 
r e q u i r e s t h a t we think e a c h o f i t s members when 
r e g a r d e d a s " p e r c e p t i o n s " ... a s d e t e r m i n e d by some 
c o n d i t i o n i n g f a c t o r - a f a c t o r w h i c h ... must a l w a y s 
be c o n c e i v e d i n an e n t i r e l y i n d e t e r m i n a t e f a s h i o n 

( B u c h d a h l [ 1 9 6 9 ] , 6 6 5 ) 

K a n t i s q u i t e c l e a r t h a t t h e a - p r i o r i n a t u r e o f b o t h p e r m a n e n c e 
o f s u b s t a n c e ixnd p r i n c i p l e o f c a u s a l i t y i s n e c e s s a r y f o r t h e 
c o n s i s t e n c y o f t h e w h o l e s p a t i o - t e m p o r a l m a n i f o l d r e q u i r e d f o r a 
c o h e r e n t e m p i r i c a l k n o w l e d g e , b u t t h a t t h i s d o e s n o t i m p l y t h a t 



i n d i v i d u a l e m p i r i c a l e v e n t s p o s i t e d w i t h i n t h e m a n i f o l d c a n be 
c o n n e c t e d a — p r i o r i . 

H a v i n g d e t e r m i n e d t h e a - p r i o r i p r i n c i p l e s f o r l o c a t i n g o b j e c t s 
i n t h e s p a t i o - t e m p o r ^ t l m a n i f o l d i n t e r m s o f t h e i r p e r m a n e n c e and 
c a u s a l c o n n e c t e d n e s s t h r o u g h t i m e , K a n t i s o b l i g e d i n h i s " T h i r d 
A n a l o g y " t o l o c a t e them s p a t i a l l y a s c o - e x i s t e n t . 

T h u s t h e c o - e x i s t e n c e o f s u b s t a n c e s i n s p a c e 
c a n n o t be known i n e x p e r i e n c e s a v e on t h e 
a s s u m p j t i o n o f t h e i r r e c i p r o c a l i n t e r a c t i o n . 

( K a n t [ 1 9 2 9 3, B 2 5 8 ) 

an d he c o n e 1ud e s -

I t i s t h e r e f o r e n e c e s s a r y t h a t a l l s u b s t a n c e s ... 
s h o u l d s t a n d i n t h o r o u g h g o i n g c o m m u n i t y o f 
m u t u a l i n t e r a c t i o n . 

( K a n t [ 1 9 2 9 3 , B 2 6 0 ) 

W i t h o u t t h i s i n t e r c o n n e c t e d n e s s o f o b j e c t s v-^ithin t h e s p a t i a l 
d o m a i n , n o t o n l y w o u l d space i t s e l f be r e s o l v e d i n t o d i s c r e t e 
a nd u n c o n n e c t e d r e g i o n s , b u t t h e p r i n c i p l e o f c a u s a l i t y t h r o u g h 
t i m e w o u l d be s e v e r e l y c u r t a i l e d w i t h t h e c o n s e q u e n t d e s t r u c t i o n 
o f a u n i t a r y t i m e m a n i f o l d . T h i s w o u l d t h e r e b y c o n f o u n d " t h e 
mode o f r e p r e s e n t i n g m y s e l f a s o b j e c t " . 

I n d e t e r m i n i n g t h e a - p r i o r i p r i n c i p l e s o f e m p i r i c a l k n o w l e d g e , 
K a n t h a s a r g u e d f r o m t h e n e c e s s a r y u n i t y o f t h e s p a c e and t i m e 
m a n i f o l d s t o t h e c o - o r d i n a t i n g p r i n c i p l e s t h a t g i v e t h i s l o g i c a l 
n e c e s s i t y . H i s method o f a r g u m e n t h a s been t o e x a m i n e t h e 
p r e - c o n d i t i o n s f o r c o h e r e n t e m p i r i c a l k n o w l e d g e , r a t h e r t h a n , 
l i k e Hume, t o e x a m i n e t h e n a t u r e o f e m p i r i c a l k n o w l e d g e i t s e l f . 
I n t h i s a p p r o a c h , h o w e v e r , he was s t i l l c o n s t r a i n e d by t h e 
r e s u l t s o f t h e s c i e n c e o f h i s t i m e . He was e f f e c t i v e l y e r e c t i n g 
a l o g i c a l j u s t i f i c ^ ^ t i o n o f t h e p r e m i s s e s o f c o n t e m p o r a r y 
p h y s i c s , - e f f e c t i v e l y a s y s t e m o f hJewtonian m e c h a n i c s w o r k i n g 
i n a E u c l i d e a n m e t r i c s p a c e . 

K a n t ' s a c h i e v e m e n t i s t o d e m o n s t r a t e t h a t e m p i r i c a l k n o w l e d g e 
c a n o n l y be o b t a i n e d by a p p l y i n g c o n c e p t s t o d i r e c t e x p e r i e n c e ; 
t h a t t h e e m p i r i c a l w o r l d n e c e s s a r i l y r e q u i r e s o r d e r i n g f o r i t t o 
be k n o w a b l e . He p r o c e e d s beyond t h i s , h o w e v e r , i n h i s s e a r c h f o r 
a - p r i o r i s y n t h e t i c k n o w l e d g e , by e x t e n d i n g t h e n e c e s s i t y f o r 
a p p l i c a t i o n o f c o n c e ^ p t s t o t h e l o g i c a l n e c e s s i t y o f s p e c i f i c 
c o n c e p t s t h a t a r i s e i n t h e s y s t e m o f p h y s i c s w i t h w h i c h he i s 
f a m i l i a r . T h u s he s p e c i f i e s t h e n e c e s s i t y o f s p a c e a s a m a n i f o l d 
f o r e m p i r i c a l e x p e r i e n c e , b u t t h e n e x t e n d s beyond t h i s t o 
s p e c i f y t h e p a r t i c u l a r s p a c e g e o m e t r y b e i n g u s e d , n a m e l y 
E u c l i d e a n , He i s f o r t i f i e d i n t h i s e x t e n s i o n o f h i s a r g u m e n t by 
t h e l o g i c a l c o n s i s t e n c y o f E u c l i d ' s s y s t e m and i t s a p p a r e n t 



u n i v e r s a l a p p l i c a b i l i t y t o s p a t i a l g e o m e t r y . 

K a n t ' s f u n d a m e n t a l c a s e , h o w e v e r , i s t h a t k n o w l e d g e o f t h e 
e m p i r i c a l w o r l d i s made p o s s i b l e o n l y t h r o u g h c o n c e p t u a l i s i n g 
e x p e r i e n c e i n t o o b j e c t s . To be a c o h e r e n t s y s t e m , w h i c h s c i e n c e 
i n d i c a t e s k n o w l e d g e t o be, t h e n c e r t a i n r e l a t i o n s h i p s must l i n k 
t h e c o n c e p t u a l i s e d o b j e c t s . T h e r e m u s t be an o b j e c t s p a c e i n 
w h i c h r e l a t i o n s h i p s c a n f u n c t i o n , and t h e s e r e l a t i o n s h i p s must 
i n c l u d e c o n c e p t s o f p e r m a n e n c e , c a u s a l c o n n e c t i o n i n t i m e , and 
c o - e x i s t e n t c o n n e c t i o n s . P e r m e a t i n g t h i s s c h e m a i s t h e t e m p o r a l 
d i m e n s i o n w h i c h l i n k s d i r e c t l y t o t h e " i n n e r i n t u i t i o n " o f t h e 
e x p e r i e n c i n g s u b j e c t and p r o v i d e s t h e f r a m e a g a i n s t w h i c h t h a t 
s u b j e c t i t s e l f p a r t i c i p a t e s a s an o b j e c t . 

I t i s a p p o s i t e t o r e v i e w K a n t ' s method and a c h i e v e m e n t a g a i n s t 
h i s own j u s t i f i c a t i o n and o b j e c t i v e s . I n R e i c h e n b a c h ' s t e r m s , we 
s h o u l d l o o k a t t h e ("ontext o f D i s c o v e r y i n r e l a t i o n t o t h e 
C o n t e x t o f J u s t i f i c a t i o n . K a n t ' s p u r p o s e , g i v e n t h a t k n o w l e d g e 
m u s t be f o r m e d f r o m e x p e r i e n c e , i s t o i d e n t i f y t h o s e c o m p o n e n t s 
o f o u r k n o w l e d g e t h a t r e l a t e t o t h e f o r m i n g p r o c e s s i t s e l f , a s 
o p p o s e d t o t h e e m p i r i c a l d a t a t h a t i s p r e s e n t e d . H i s 
j u s t i f i c a t i o n o f h i s method, d e v e l o p s f r o m h i s a r g u m e n t t h a t , 
b e c a u s e o u r k n o w l e d g e o f t h e w o r l d i s a s e 1 f - c o n s i s t e n t s y s t e m , 
t h e p r i n c i p l e s t h a t a r e a p p l i e d t o f o r m e x p e r i e n c e i n t o a 
k n o w a b l e f o r m m u s t t h e m s e l v e s be s e 1 f - c o n s i s t e n t . He t h e r e f o r e 
d e t e r m i n e s t h a t t h e f o r m i n g p r i n c i p l e s d e r i v e f r o m o u r s y s t e m o f 
l o g i c . K a n t a c c e p t e d t h a t c l a s s i c a l l o g i c i s an i m m u t a b l e 
s y s t e m , and t h e r e f o r e , t h e f o r m i n g p r i n c i p l e s t h e m s e l v e s a r e 
i m m u t a b l e . He i s r e i n f o r c e d i n t h i s c o n c l u s i o n i n h i s a n a l y s i s 
o f p r e v a i l i n g p h y s i c a l l a w s , and i n p a r t i c u l a r o f N e w t o n i a n 
m e c h a n i c s and t h e u n i v e r s a l a p p l i c a b i l i t y o f E u c l i d e a n g e o m e t r y 
t o s p a t i a l m e a s u r e m e n t . T h i s l e a d s him t o e x t e n d h i s s y s t e m o f 
f o r m i n g a - p r i o r i p r i n c i p l e s t o i n c l u d e a s s e r t i o n s a b o u t t h e 
a - p r i o r i g e o m e t r y o f s p a c e i t s e l f . He i s t h e r e b y e n a b l e d t o 
c o n c l u d e t h a t t h e t r u t h s o f E u c l i d e a n g e o m e t r y r e p r e s e n t 
n e c e s s a r y and i m m u t a b l e t r u t h s o f s p a t i a l g e o m e t r y a g a i n s t w h i c h 
o u r e m p i r i c a l k n o w l e d g e i s f o r m u l a t e d . I n K a n t ' s t e r m s , t h e s e 
a r- e s y n t be t i c a -p riori t r u t b s . 

H i s c o n t i n u i n g j u s t i f i c a t i o n i n h i s a r g u m e n t h a s r e s t e d on h i s 
r e f e r e n c e t o l o g i c a l p r i n c i p l e s a s g u i d e s t o e l u c i d a t i n g t h e 
p r i n c i p l e s t h a t a c t u a l l y a p p l y t o e x p e r i e n c e , b u t h i s 
a n a l y s i s t h r o u g h o u t t h e C r i t i q u e ? o f P u r e R e a s o n c o n c e r n s i t s e l f 
w i t h t h e p r i n c i p l e s a c t u a l l y e m p l o y e d i n p r e v a i l i n g s c i e n t i f i c 
k n o w l e d g e . T h u s , t h e s p a c e he d e s c r i b e s a s a n e c e s s a r y c o n d i t i o n 
o f k n o w l e d g e , i s a s p a c e t h a t c a n accommodate N e w t o n i a n 
m e c h a n i c s , and t h e p r i n c i p l e o f c o - e x i s t e n c e o f o b j e c t s i n s p a c e 

i n t h o r o u g h g o i n g c o m m u n i t y o f m u t u a l i n t e r a c t i o n 
( K a n t [ 1 9 2 9 ] , B 2 6 0 ) 

a c c o m m o d a t e s t h e Nev^jtonian p i c t u r e o f b o d i e s r e l a t e d by 
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g r a v i t a t i o n a l f o r c e s . H i s "Method o f D i s c o v e r y " i s a 
t h o r o u g h g o i n g a n a l y s i s o f t h e p r i n c i p l e s u n d e r l y i n g s c i e n t i f i c 
k n o w l e d g e , b u t , i n a p p l y i n g h i s "Method o f J u s t i f i c a t i o n " t o h i s 
c o n c l u s i o n s , he e l e v a t e s t h e s e p r i n c i p l e s i n t o e t e r n a l t r u t h s . 
S u b s e q u e n t c h a n g e s i n s c i e n t i f i c t h e o r y w e r e t h e r e f o r e l i k e l y t o 
c o n t r a d i c t h i s p h i l o s o p h y . 

K a n t ' s L e q a c y t o F< e i c h e n b a c h 

The i m p a c t o f K a n t on H a ns R e i c h e n b a c h must h a v e been p r o f o u n d . 
T h e y o u n g e n g i n e e r i n h i s l a t e t e e n s had been i n c r e a s i n g l y 
e x c i t e d a t s c h o o l i n Hamburg by t h e s c i e n c e and m a t h e m a t i c s t o 
w h i c h he had been i n t r o d u c e d . The m a t h e m a t i c s o f " a n a l y t i c a l 
g e o m e t r y , d i f f e r e n t i a l and i n t e g r a l c a l c u l u s " ( R e i c h e n b a c h 
[ 1 9 ' 7 S 3 , v . i , 1 1 ) , p r o v i d e d him w i t h a c o n c e p t o f a E u c l i d e a n 
s p a t i o - t e m p o r a l d omain w h i c h was i n f i n i t e i n e x t e n t b u t 
i n f i n i t e l y d i v i s i b l e ; e f f e c t i v e l y K a n t ' s m a n i f o l d o f o u t e r 
i n t u i t i o n . T h e l a w s o f p h y s i c s and c h e m i s t r y p r o v i d e d him w i t h 
an " i n n e r a p p r e c i a t i o n f o r t h e g r e a t i n t e r c o n n e c t e d n e s s o f 
n a t u r e " ( R e i c h e n b a c h [ 1 9 7 8 3 , v . l , 1 1 ) , and he was " p a r t i c u l a r l y 
a w a r e o f o r g a n i s e d , l o g i c a l t h i n k i n g w h i c h must l e a d t o a t r u e 
u n d e r s t a n d i n g o f n a t u r e . " ( R e i c h e n b a c h [ 1 9 7 8 3 , v . l , 1 1 ) . K a n t 
p r e - d a t e d him by o n e and a h a l f c e n t u r i e s ; b u t Kaxnt's s e c u r e 
b e l i e f , t h a t k n o w l e d g e was, and m u s t o f n e c e s s i t y be, o r g a n i s e d 
i n t o a c o h e r e n t a n d u n i f i e d s y s t e m , was s h a r e d by t h e e x c i t e d 
y o u n g R e i c h e n b a c h . 

F < e i c h e n b a c h , h o w e v e r , was c o n f r o n t i n g t h e W o r l d one h u n d r e d and 
f i f t y y e a r s l a t e r t h a n K a n t , and i n t h a t t i m e s c i e n t i f i c 
k n o w l e d g e and m a x t h e m a t i c s had p r o g r e s s e d . E v e n a s e a r l y a s h i s 
s c h o o l d a y s i n Hamburg R e i c h e n b a c h had e n c o u n t e r e d t h e K i n e t i c 
T h e o r y o f Gases., and i n s u b s e q u e n t y e a r s he came t o s e e t h e work 
o f B o l t z m a n n w i t h h i s method o f s t a t i s t i c a l a n a l y s i s o f 
a g g r e g a t e s o f m o l e c u l e s a s o f f e r r i n g a c h a l l e n g e t o K a n t ' s 
p r i n c i p l e s o f c a u s a l o r d e r i n g . L a t e r he ¥tas t o e n c o u n t e r t h e 
f u r t h e r c h a l l e n g e t o c a u s a l p r i n c i p l e s p r e s e n t e d by Quantum 
T h e o r y , a n d , i n 1 9 1 9 , E i n s t e i n ' s l e c t u r e s on R e l a t i v i t y 
c o n t r a d i c t e d t h e K a n t i a n c o n c e p t o f a E u c l i d e a n s p a t i o - t e m p o r a l 
m a n i f o l d . B e f o r e c o n s i d e r i n g how R e i c h e n t a a c h r e s p o n d e d t o t h i s 
new d a t a i t w i l l be i l l u s t r a t i v e t o u n d e r s t a n d t h e e m p h a s i s 
g i v e n t o K a n t ' s vjork by n e o - K a n t i a n p h i l o s o p h e r s a t t h e t u r n o f 
t h i s c c s n t u r y , a n d t h e n l a t e r t o c o m p a r e R e i c h e n b a c h ' s r e v i s e d 
vievM o f e p i s t e m o l o g y w i t h t h a t o f E r n s t C a s s i r e r and o f M e r i t s 
S c h l i c k . 

E r n s t C a s s i r e r ( 1 8 7 4 - 1 9 4 5 ) 

The s t u d e n t R e i c h e n b a c h g i v e s c r e d i t t o o n l y two o f h i s t e a c h e r s 
o f P h i l o s o p h y , - E r n s t von A s t e r and E r n s t C a s s i r e r . E r n s t 
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C a s s i r e r was b o r n 17 y e a r s e a r l i e r t h a n Hans R e i c h e n b a c h . As 
w i t h R e i c h e n b a i c h he was t h e s e c o n d s o n o f a w e a l t h y J e w i s h 
T r a d e r , b u t u n l i k e R e i c h e n b a c h he was n o t f i r e d w i t h a b u r n i n g 
p r o f e s s i o n a l a m b i t i o n f r o m h i s e a r l y y e a r s . I n h i s t e e n s , 
h o w e v e r , he became a c q u a i n t e d w i t h t h e e x t e n s i v e l i b r a r y o f h i s 
m a t e r n a l g r a n d f a t h e r and s t u d y became h i s main pre-occupation„ 
H i s r e a d i n g was w i d e and he " a c q u i r e d t h e c a p a c i t y f o r 
c o n c e n t r a t e d and p e r s i s t e n t w ork" ( S c h i l p p ( e d ) [ 1 9 4 9 ] , 4 ) . A t 
a g e t w e n t y , w h i l s t , a. s t u d e n t i n B e r l i n , he became a c q u a i n t e d 
w i t h t h e w r i t i n g s o f Hermann Cohen and h i s i n t e r p r e t a t i o n s o f 
K a n t , s o t h a t two y e a r s l a t e r he moved t o M a r b u r g - c e n t r e o f 
n e o - K a n t i a n i s m - t o become C o h e n ' s p u p i l . Cohen was g e n e r a l l y 
r e g a r d e d a s t h e a u t h o r i t a t i v e i n t e r p r e t e r o f K a n t . 

C a s s i r e r q u i c k l y e s t a b l i s h e d h i m s e l f a s a s c h o l a r l y a u t h o r i t y on 
K a n t i n h i s own r i g h t , a s Cohen i s r e p o r t e d t o h a v e r e m a r k e d , " I 
f e l t a t o n c e t h a t t h i s man had n o t h i n g t o l e a r n f r o m me" 
( S c h i l p p ( e d ) [ 1 9 4 9 ] , 7 ) . C a s s i r e r ' s a b i l i t y t o a c c u m u l a t e 
k n o w l e d g e m u s t l a r g e l y be a t t r i b u t e d t o h i s e x c e p t i o n a l memory, 
w h i c h e n a b l e d him t o q u o t e f r o m memory l o n g p a s s a g e s from 
c l a s s i c a l w o r k s . He c o m b i n e d t h i s w i t h an a b i l i t y t o o r g a n i s e 
t h i s k n o w l e d g e w i t h m e n t a l c r o s s - r e f e r e n c e s and r e a s o n e d 
j u s t i f i c a t i o n . K a n t ' s s y s t e m a t i c a p p r o a c h t o a n a l y s i n g t h e 
f o u n d a t i o n s and e x t e n t o f k n o w l e d g e was t h e r e f o r e f r u i t f u l 
g r o u n d f o r C a s s i r e r . 

C a s s i r e r a p p r o a c h e d t h e s u b j e c t m a t t e r o f p h i l o s o p h y a s a 
s c h o l a r , - c o n n e c t i n g i d e a s , s e t t i n g them c l e a r l y i n t h e i r 
h i s t o r i c a l and c u l t u r a l c o n t e x t s , and e x p l i c i t l y 
c r o s s - r e f e r e n c i n g . The M a r b u r g S c h o o l o f n e o - K a n t i a n i s m t o w h i c h 
C a s s i r e r w e n t i n 1 8 9 6 , whose p r i n c i p a l t e a c h e r s w e r e Hermann 
Coh e n and P a u l N a t o r p , had d e v e l o p e d K a n t ' s p h i l o s o p h y t o t a k e 
a c c o u n t o f d e v e l o p m e n t s i n s c i e n c e and m a t h e m a t i c s . I n 
m a t h e m a t i c s t h e y w e r e p a r t i c u l a r l y i n t e r e s t e d i n s y s t e m s o f 
g e o m e t r y o t h e r t h a n E u c l i d ' s . I t had been d e m o n s t r a t e d i n t h e 
N i n t e e n t h C e n t u r y , and p a r t i c u l a r l y by F e l i x K l e i n , t h a t a 
s y s t e m o f g e o m e t r y i s t h e s t u d y o f p r o p e r t i e s i n v a r i a n t u n d e r a 
c e r t a i n g r o u p o f t r a n s f o r m a t i o n s , c h a r a c t e r i s t i c o f t h e g e o m e t r y 
i n q u e s t i o n , a n d t h a t t h e r e w e r e many s u c h s y s t e m s t h a t c o u l d be 
a p p l i e d c . o n s i s t e ; n t l y t o s p a t i a l d o m a i n s . F o r e x a m p l e , s p a t i a l 
g e o m e t r y c a n be s p e c i f i e d c o n s i s t e ? n t l y t h a t d o e s n o t p r o v i d e f o r 
t h e E u c l i d e a n a x i o m o f n o n - i n t e r s e c t i n g , p a r a l l e l s t r a i g h t 
1ines„ 

B o t h Cohen and N a t o r p t o o k K a n t ' s b a s i s f o r t h e p o s s i b i l i t y o f 
k n o w l e d g e ; - t h a t e m p i r i c a l e x p e r i e n c e must be s u b j e c t t o 
p r i n c i p j l e s o f r e a s o n , w h i c h t h e m s e l v e s must be a l o g i c a l l y 
c o m p l e t e s y s t e m . T h e i r b a s i c r e q u i r e m e n t was t h a t o u r e m p i r i c a l 
k n o w l e d g e m u s t be c o h e r e n t , t h a t i t s h o u l d f o r m a l o g i c a l l y 
u n i f i e d s y s t e m - T h e i r c o n c e r n was n o t t o r e - s t a t e K a n t , b u t t o 
c o n t i n u e i n h i s s p i r i t w i t h h i s C r i t i c a l P h i l o s o p h y . They w e r e 
p r i m a r i l y i n t e r e s t e d i n s c i e n t i f i c k n o w l e d g e , w h i c h f o r them 
l a r g e l y c o n s t i t u t e d m a t h e m a t i c a l p h y s i c s ( S c h i l p p ( e d ) [ 1 9 4 9 ] 
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7 6 1 ) . I t was i n e v i t a b l e t h a t a s t u d y o f k n o w l e d g e a t t h e end o f 
t h e N i n t e e n t h C e n t u r y s h o u l d g i v e p a r t i c u l a r p r o m i n e n c e t o 
p h y s i c s a n d t h e m a t h e m a t i c a l r e l a t i o n s h i p s w h i c h p h y s i c s 
e s t a b l i s h e d . Two c e n t u r i e s e a r l i e r , Newton had d e m o n s t r a t e d t h a t 
m e c h a n i c a l phenomena c o u l d be r e p r e s e n t e d t h r o u g h u n i v e r s a l 
m a t h e m a t i c a l r e 1 a i t i o n s h i p s , and t h i s had been f o l l o w e d by t h e 
f i e l d t h e o r i e s o f p h y s i c i s t s l i k e H e r t z and M a x w e l l whose work 
i n d i c a t e d t h a t i n m a t h e m a t i c a l p h y s i c s a s i m p l e s y s t e m o f 
f u n d a m e n t a l r 6 ? l a t i o n s h i f 3 s was c a p a b l e o f r e p r e s e n t i n g t h e 
t o t a l i t y o f p h y s i c a l e m p i r i c a l e x p e r i e n c e . The n e o - K a n t i a n s 
t h e r e f o r e saw s c i e n t i f i c d e v e l o p m e n t a s b e i n g an u n e n d i n g 
p r o c e s s o f c o m i n g t o t e r m s w i t h t h e " g i v e n " o f e x p e r i e n c e . I t i s 
a p r o c e s s o f o b j e c t i f y i n g e x p e r i e n c e and r e l a t i n g i t t h r o u g h 
p r i n c i p l e s o f r e a s o n . "The c o n t e x t o f c o g n i t i o n must be g r o u n d e d 
i n a u n i t a r y o r i g i n o f t h o u g h t " , w h i c h i s " t h e l o g i c a l i d e a l o f 
t h e £il l ~ c o m p r e h e n s i v e c o n t e x t o f e x p e r i e n c e " ( B c h i l p p ( e d ) 
[ i 9 4 ' 9 3 , 7 6 3 ) . F o r t h e n e o - K a n t i a n , t h e j r e f o r e , k n o w l e d g e i s a 
c o h e r e n t and i d e a l s y s t e m w h i c h r e l a t e s t o t h e d i v e r s i t y o f o u r 
e x p e r i e n c e . As an i d e a l s y s t e m , s c i e n c e i s c o n t i n u a l l y s e e k i n g 
r e f i n e m e n t s t o i n c o r p o r a t e new d a t a , t o r e s o l v e a p p a r e n t 
a n o m a l i e s , and t o s i m p l i f y s t r u c t u r a l r e l a t i o n s h i p s . The 
c o n t e x t u a l i s i n g p r o c e s s i s a p o s i t i v e a c t o f r e a s o n on 
e x p e r i e n c e , and N a t o r p d e s c r i b e s t h i s a s a " p o s i t " , - an 
e x p r e s s i o n w h i c h R e i c h e n b a c h i n t r o d u c e s i n t o h i s work E x p e r i e n c e 
and P r e d i c t i o n t o d e s c r i b e t h e f u n c t i o n o f i m p o s i n g a h y p o t h e s i s 
on e m p i r i c a l d a t a . 

T h u s we s e e k f o r s y s t e m a t i c u n i t y a s a b a s i c p r t s - c o n d i t i o n o f 
k n o v j l e d g e . The " p o s i t " , o r e f f e c t i v e h y p o t h e s i s i n d e a l i n g w i t h 
e x p e r i e n t i a l davta, i s t h u s e s s e n t i a l l y a s t a r t i n g p o i n t , and i n 
t h a t s e n s e i s a l m o s t a r b i t r a r y , e x c e p t i n g t h a t i t m u s t b e a r t h e 
s c r u t i n y o f l o g i c a l c o n s i s t e n c y a s a r g u e d t h r o u g h by K a n t . A 
s c i 6 3 n t i f i c h y p o t h e s i s i s e f f e c t i v e l y a p o s i t whose v a l i d i t y i s 
s u b j e c t t o t h e p r o b i n g o f s c i e n t i f i c method, w h i c h s u b j e c t s i t 
t o t h e tv'jo p r e - r e q u i s i t e s o f c o n f o r m i n g w i t h e m p i r i c a l d a t a and 
b e i n g c o n s i s t e n t w i t h o t h e r a c c e p t e d s c i e n t i f i c t r u t h . The p o s i t 
i s t h e r e b y a c c e p t e d a s i t s t a n d s , o r m o d i f i e d , o r r e j e c t e d . 
T h u s , f o r e x a m p l e , t h e n e o - K a n t i a n w o u l d t a k e E u c l i d e a n g e o m e t r y 
a s a p o s i t f o r t h e g e o m e t r y o f e m p i r i c a l s p a c e , N a t o r p was 
p r e p a r e d t o a c c e p t a n o n - E u c l i d e a n g e o m e t r y f o r s p a c e p r o v i d e d 
t h a t i t was l o g i c a l l y s e 1 f - c o n s i s t e n t , a n d , u n l i k e K a n t , he 
c o u l d n o t s e e t h e logical n e c e s s i t y f o r a d o p t i n g t h e E u c l i d e a n 
s y s t e m a s the g e o m e t r y o f s p a c e . F o r N a t o r p , s p a c e and t i m e w e r e 
n e c e s s a r y ( a n d h e n c e a - p r i o r i ) c o n c e p t s f o r e x p e r i e n c e , b u t 
t h e i r g e o m e t r y was t o be d e t e r m i n e d a - p o s t e r i o r i from 
e x p e r i e n c e . T h e c o n c e p t o f t h e "atom" i s a l s o s e e n a s a p o s i t 
i n t r o d u c e d t o p r o v i d e c o h e r e n c e o f s c i e n t i f i c k n o w l e d g e , i t i s 
not. a c o n c e p t o f c o r r e s p o n d e n c e t o " a t h i n g i n i t s e l f " l y i n g 
b e h i n d e m p i r i c a l d a t a . 

A l l k n o w l e d g e , t h e r e f o r e , i s d e f i n e d t h r o u g h c o n c e p t s w h i c h a r e 
s u b j e c t t o p r i n c i p l e s o f c o h e r e n c e . The o b j e c t s o f k n o w l e d g e 
h a v e a r e l a t i o n s h i p v j i t h e x p e r i e n t i a l d a t a , b u t a r e s t r u c t u r e d 
by c o h e r e n t p r i n c i p l e s . K a n t had r e f e r r e d i n h i s C r i t i q u e o f 
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P u r e R e a s o n t o t h e " t h i n g i n i t s e l f " w h i c h s t o n H KCDK-;--! 
e x p e r i e n c e a s f o r e v e r i n a c c e s s i b l e , o u r k n o w l e d g e o f i t b e i n g 
c o n f i n e d t o t h e f o r m we i m p o s e on o u r s e n s o r y e x p e r i e n c e o f i t . 
Clohen and N a t o r p r e j e c t e d t h e c o n c e p t o f t h e " t h i n g i n i t s e l f " 
a s m e a n i n g l e s s ; f o r them o u r k n o w l e d g e i s t h e s y n t h e s i s o f 
c o n c e p t s we g e n e r a t e t h r o u g h e m p i r i c a l d a t a , and f u r t h e r 
s p e c u l a t i o n i s f r u i t l e s s . F o l l o w i n g K a n t , h o w e v e r , t h e y a c c e p t e d 
t h a t t h e s y n t h e s i s o f c o n c e p t s i n k n o w l e d g e must o f n e c e s s i t y 
c o n f o r m t o t h e t h r e e c a t e g o r i e s o f R e l a t i o n , - s u b s t a n c e , 
c a u s a l i t y , a n d c o - e x i s t e n c e . L i k e K a n t , N a t o r p a l s o saw t h a t 
c a u s a l o r d e r i n g , a s a p r e - r e q u i s i t e o f k n o w l e d g e , was m a n i f e s t 
i n t h e p h y s i c a l p r i n c i p l e s o f N e w t o n i a n m e c h a n i c s . 

I t i s u n c l e a r when R e i c h e n b a c h was f i r s t i n f l u e n c e d by 
C a s s i r e r ' s t e a c h i n g , b u t i t i s p r o b a b l e t h a t i t was d u r i n g t h e 
p e r i o d 1911 t o 1914 when ( 2 a s s i r e r was " P r i v a t d o s e n t " a t t h e 
U n i v e r s i t y o f E t e r l i n , and R e i c h e n b a c h was t r a v e l l i n g t o p i c k up 
l e a r n i n g f r o m t h e l e a d i n g e x p o s i t o r s o f h i s t i m e . C a s s i r e r ' s 
l e c t u r e s and s e m i n a r s w e r e p o p u l a r ; he was v i v i d , e l o q u e n t , and 
p a i n s t a k i n g , i n e n s u r i n g t h a t h i s s t u d e n t s g r a s p e d t h e i d e a s he 
was p r e s e n t i n g . The c l e a r e s t e x p o s i t i o n o f C a s s i r e r ' s t e a c h i n g s 
w h i c h w o u l d h a v e i n f l u e n c e d F < e i c h e n b a c h a r e t h e r e f o r e t o be 
f o u n d i n C a s s i r e r ' s work S u b s t a n c e and F u n c t i o n , w h i c h was 
p u b l i s h e d i n 1 9 1 0 , ( a n d l a t e r i n h i s l i f e C ^ a s s i r e r commented 
t h a t t h i s work c o n t a i n e d t h e e s s e n t i a l s o f h i s p h i l o s o p h y o f 
s c i e n c e ) . 

I r i S u b s t a n c e and F u n c t i o n , C a s s i r e r r e v i e w s t h e h i s t o r y and 
d e v e l o p m e n t o f m a t h e m a t i c s and t h e p j h y s i c a l s c i e n c e s , and 
i d e n t i f i e s how e ^ - p r i o r i p r i n c i p l e s a r e a p p l i e d t h r o u g h t h e 
c o n c e p t s t h a t a r e e m p l o y e d . H i s p r e m i s s t h r o u g h o u t i s t h a t o f 
t h e T r a n s c e n d e n t a l I d e a l i s t , t h a t human k n o w l e d g e o f t h e w o r l d , 
and p h y s i c a l s c i e n c e i n p a r t i c u l a r , i s t h e r e s u l t o f t h e 
u n i f i c a t i o n b r o u g h t by t h e a p p l i c a t i o n o f c o n s i s t e n t l o g i c a l 
p r i n c i p l e s t o e m p i r i c a l e x p e r i e n c e . 

I t i s i n t e r e s t i n g t h a t he d r a w s an e a r l y d i s t i n c t i o n a s he 
i n i t i a t e s h i s a n a l y s i s o f t h e h i s t o r i c a l d e v e l o p m e n t o f c o n c e p t s 
b e t w e e n t h e "method o f d i s c o v e r y " and t h e " s c i e n t i f i c 
e x p o s i t i o n " ( C a s s i r e r [ 1 9 2 3 ] , 6 9 ) , - a n a l o g o u s w i t h 
R e i c h e n b a c h ' s l a t e r d i s t i n c t i o n i n c o n c e p t a n a l y s i s between t h e 
" c o n t e x t o f d i s c o v e r y " a n d t h e " c o n t e x t o f j u s t i f i c a t i o n " . 
A l t h o u g h C a s s i r e r i n S u b s t a n c e and F u n c t i o n d o e s n ' t u s e t h e t e r m 
" p o s i t " , h i s "method o f d i s c o v e r y " r e f e r s e s s e n t i a l l y t o a p o s i t 
o r h y p o t h e s i s i n t r o d u c e d t o c o p e w i t h new e x p e r i e n t i a l d a t a o r 
nevj e m p i r i c a l r e l a t i o n s h i p s . I n t h e " s c i e n t i f i c e x p o s i t i o n " t h e 
p o s i t i s t h o r o u g h l y t e s t e d f o r c o h e r e n c e , and i n t e g r a t e d w i t h 
e s t a b l i s h e d s c i e n t i f i c p r i n c i p l e s , a s i s t h e c a s e w i t h 
R e i c h e n t a a c h ' s " c o n t e x t o f j u s t i f i c a t i o n " . 

I n h i s a n a l y s i s o f t h e m a t h e m a t i c a l c o n c e p t s e m p l o y e d i n number 
and g e o m e t r y , C a s s i r e r d e v e l o p s t h e c o n c l u s i o n t h a t t h e s e a r e 
n o t e m p i r i c a l p r o p e r t i e s o r m e a s u r e s b u t t h a t t h e y b e l o n g t o 
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a x i o m a t i c s y s t e m s , and he s t a t e s 

I t i s o n l y t h e p u r e s y s t e m o f c o n d i t i o n s , w h i c h 
m a t h e m a t i c s € ? r e c t s , t h a t i s a b s o l u t e l y v a l i d , w h i l e 
the^ a s s e r t i o n , t h a t t h e r e a r e e x i s t e n c e s c o r r e s p o n d i n g 
t o t h e s e c o n d i t i o n s i n a l l r e s p e c t s , p o s s e s s e s o f 
r e l a t i v e a nd t h u s p r o b l e m a t i c m e a n i n g . 

( C a s s i r e r [ 1 9 2 3 ] , 111) 

He t h u s c r i t i c i s e s K a n t ' s a s s u m p t i o n o f t h e a - p r i o r i s y n t h e t i c 
s t a t u s o f E u c l i d e a n g e o m e t r y 

£̂ s a l l t h e s y s t e m s [ o f g e o m e t r y 3 a r e e q u a l l y v a l i d 
i n l o g i c a l s t r u c t u r e , we n e e d a p r i n c i p l e t h a t 
g u i d e s u s i n t h e i r a p p l i c a t i o n . T h i s p r i n c i p l e c a n 
be sought, o n l y i n r e a l i t y , s i n c e a r e n o t h e r e 
c o n c e r n e d w i t h mere p o s s i b i l i t i e s , b u t w i t h c o n c e p t s 
and t h e p r o b l e m o f t h e r e a l i t s e l f ; ; i n s h o r t , i t 
c a n be s o u g h t o n l y i n o b s e r v a t i o n and s c i e n t i f i c 
e x p e r i m e n t . ... C b s e r v a t i o n . . . 1 e a d s from t h e many 
f o r m s o f g e o m e t r i c a l s p a c e t o t h e one s p a c e o f t h e 
p h y s i c a l o b j e c t . 

( C a s s i r e r [ 1 9 2 3 3, 1 0 6 , 1 0 7 ) 

C a s s i r a r i s n o t h e r e b y a p p e a l i n g t o c o r r e s p o n d e n c e w i t h an 
u n d e r l y i n g p h y s i c a x l r e a l i t y , o r t o a " r e a l " g e o m e t r y o f t h e 
" t h i n g i n i t s e l f " , b u t a s s e r t i n g t h a t a l t h o u g h many 
s e l f - c o n s i s t e n t s y s t e m s o f g e o m e t r y a r e a v a i l a b l e t o t h e 
s c i e n t i s t , t h e c h o i c e o f s y s t e m f o r s c i e n c e c a n o n l y be 
d e t e r m i n e d t h r o u g h e m p i r i c a l m e a s u r e m e n t . T h u s m a t h e m a t i c s 
p r o v i d e s a f r a m e w o r k o f l o g i c a l s y s t e m s w h i c h a r e a v a i l a b l e f o r 
t h e p h y s i c a l s c i e n c e s . 

C a s s i r e r t h e n e x a m i n e s how t h e c o n c e p t s e m p l o y e d by s c i e n c e are 
a c t u a l l y u s e d , and w h a t t h e y s p e c i f i c a l l y d e s i g n a t e . S c i e n c e 
deaxls w i t h t h e p r o p e r t i e s o f t h e e m p i r i c a l w o r l d and we wou l d 
t h e r e f o r e e j x p e c t t h e c o n c e p t s t h a t s c i e n c e u s e s t o be d i r e c t l y 
d e r i v e d f r o m e x p e r i e n c e . L o g i c a l P o s i t i v i s m w o u l d r e q u e s t t h a t 
s c i e n t i f i c c o n c e p t s be d i r e c t l y g i v e n i n e x p e r i e n c e w i t h o u t 
i n t e r m e d i a t e and u n v e r i f i a b l e h y p o t h e s i s . C a s s i r e r d e m o n s t r a t e s 
t h a t t h i s c a n n o t be t h e c a s e w h e r e s c i e n c e i s c o n c e r n e d w i t h 
m e a s u r e m e n t w h i c h i n i t s e l f i n v o l v e s t h e a p p l i c a t i o n o f 
h y p o t h e t i c a l s y s t e m s . F~or e x a m p l e , i n t h e s c i e n c e o f m e c h a n i c s , 
m e a s u r e m e n t i t s e l f e m p l o y s " t h e c o n c e p t s o f t h e m a t e r i a l p o i n t , 
o f u n i f o r m and v a r i a b l e v e l o c i t y a s w e l l a s u n i f o r m 
a c c e l e r a t i o n " ( C a s s i r e r [ 1 9 2 3 3 , 1 1 9 ) . T h e s e c o n c e p t s a r e n o t 
g i v e n d i r e c t l y i n e x p e r i e n c e b u t a r e i d e a l i s a t i o n s t h a t a r e 
m a n i p u l a b l e w i t h i n s y s t e m s o f m a t h e m a t i c s , and w h i c h , i n t h e i r 
a p p l i c a t i o n , make p r e s u p p o s i t i o n s a b o u t , f o r e x a m p l e , " t h e 
c o n t i n u i t y a nd u n i f o r m i t y o f s p a c e " ( C a s s i r e r [ 1 9 2 3 ] , 1 1 9 ) , 
C a s s i r e r p r o c e e d s t o r o B c o g n i s e s c i e n t i f i c c o n c e p t s a s " i d e a l 
l i m i t s " . I t i s n e c e s s a r y f o r u s t o work w i t h i d e a l i s e d c o n c e p t s 
i n o r d e r t o r e l a t e them m a t h e m a t i c a l l y and l o g i c a l l y t o t h e 
t o t a l c o n t e x t o f o u r e m p i r i c a l k n o w l e d g e . 
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t h e i d e a l c o n c e p t s o f n a t u r a l s c i e n c e . . . o n I v ao 
b e y o n d t h e g i v e n , i n o r d e r t o g r a s p more s h a r p l y 
t h e s y s t e m a t i c s t r u c t u r a l r e l a t i o n s o f t h e g i v e n . 

( C a s s i r e r [ 1 9 2 3 ] , 1 2 8 ) 

The a g g r e g a t e o f s e n s u o u s t h i n g s must be r e l a t e d 
t o a s y s t e m o f n e c e s s a r y c o n c e p t u a l l a w s , and 
b r o u g h t t o u n i t y i n t h i s r e l a t i o n . . . . i t 
p r e s u p p o s e s an i n d e p e n d e n t and c o n s t r u c t i v e a c t i v i t y , 
a s i s m o s t c l e a r l y m a n i f e s t i n t h e c r e a t i o n o f 
l i m i t i n g s t r u c t u r e s , . . . w i t h o u t i t , t h e v-^orld o f 
p e r c e p t i o n w o u l d n o t be m e r e l y a m o s a i c taut a t r u e 
c h a o s . 

( C a s s i r e r [ 1 9 2 3 ] , 1 2 8 ) 

C a s s i r e r t h u s s e e s t h e c o i i c e p t s o f s c i e n c e a s i d e a l l i m i t s w h i c h 
a r e n o t f o u n d d i r e c t l y i n e x p e r i e n c e b u t w h i c h c a n be r e l a t e d t o 
e x p e r i e n c e , and w h i c h s e r v e t o draw i n d i v i d u a l e x p e r i e n c e s i n t o 
t h e s y s t e m a t i c u n i t y o f k n o w l e d g e . He p r o v i d e s e x a m p l e s -

We i n v e s t i g a t e t h e i m p a c t o f b o d i e s by r e g a r d i n g 
t h e m a s s e s . . . a s p e r f e c t l y e l a s t i c o r i n e l a s t i c ; we 
e s t a b l i s h t h e l a w o f t h e p r o p a g a t i o n o f p r e s s u r e i n 
f l u i d s by g r a s p i n g t h e c o n c e p t o f a c o n d i t i o n o f 
p e r f e c t f l u i d i t y ; we i n v e s t i g a t e t h e r e l a t i o n s 
b e t w e e n t h e p r e s s u r e , t e m p e r a t u r e and v o l u m e o f g a s 
by p r o c e e d i n g f r o m an " i d e a l " g a s and c o m p a r i n g a 
h y p o t h e t i c a l l y e v o l v e d model t o t h e d i r e c t d a t a o f 
s e n s a t i o n . 

( C a s s i r e r [ 1 9 2 3 ] , 130) 

S c i e n c e f o r ( Z a s s i r e r t h u s l o o k s beyond t h e f l e e t i n g phenomena of 
e ? x p e r i e n c e t o g r a s p i d e a l f o r m s l y i n g b e h i n d , o r w i t h i n , w h i c h 
c a n be s u b j e c t e d t o t h e r i g o u r o f l o g i c o r m a t h e m a t i c s , and 
w h i c h c a n t h e r e f o r e be r e l a t e d i n a l a w l i k e manner. C a s s i r e r 
t h e s c h o l a r i n t r o d u c e s t h e i d e a s o f F ' l a t o t o e l u c i d a t e h i s 
c o n c e p t i o n o f a s c i e n t i f i c c o n c e p t a s s^n i d e a l l i m i t . 
R e i c h e n b a c h was a l s o concerne^d w i t h t h e c o n c e p t o f l i m i t i n g 
s t r u c t u r e s f o r s c i e n t i f i c c o n c e p t s , b u t a s an e n g i n e e r he was t o 
l o o k a t t h i s a s s c o p e f o r a p p l i c a t i o n o f t h e i d e a o f a 
s t a t i s t i c a l l i m i t . 

T h u s f o r C a s s i r e r , t h e Object f o r s c i e n c e i s an i d e a l w h i c h i s 
c o n s t r u c t e d by t h e human u n d e r s t a n d i n g , b u t r e l a t e s t o e m p i r i c a l 
d a t a . EJven m e a s u r e m e n t i t s e l f i s n o t a p u r e e m p i r i c a l p r o c e d u r e , 
b u t i n v o l v e s c o m p l e x h y p o t h e s e s , - f o r e x a m p l e o f u n i f o r m 
t e r r i p o r a l and s p a t i a l b t e h a v i o u r . 

T h e o b j e c t s o f p h y s i c s . . . a r e r e c o g n i s e d a s i n s t r u m e n t s 
p r o d u c e d by t h o u g h t f o r t h e p u r p o s e o f c o m p r e h e n d i n g 
t h e c o n f u s i o n o f phenomejna a s an o r d e r e d and 
mea s u r b 1 w ho 1 e . 

( C a s s i r e r [ 1 9 2 3 ] , 1 6 6 ) 
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C a s s i r e r h e r e b y e m p h a s i s e s i h i s p h i l o s o p h y o f I d e a l i s m , and 
p r o v i d e s no p l a c e f o r t h e K a t n t i a n c o n c e p t o f " t h i n g i n i t s e l f " . 
F o r C a s s i r e r t h e s y s t e m a t i c u n i t y o f t h e u n d e r s t a n d i n g i s t h e 
n e c e s s a r y r e q u i r e m e n t f o r k n o w l e d g e , - t h a t t h e s y s t e m o f 
k n o w l e d g e be t o t a l l y c o h e r e n t . 

A p r o c e s s i s f i r s t known, when i t i s added t o t h e 
t . o t , a l i t y o f p h y s i c a > l k n o w l e d g e w i t h o u t c o n t r a d i c t i o n . 

( C a s s i r e r [ 1 9 2 3 3 , 1 4 0 ) 

As s c i e n t i s t s , t h e r e f o r e , we must be p r o a c t i v e i n a r r i v i n g a t 
o u r k n o w l e d g e and u n d e r s t a n d i n g o f t h e e m p i r i c a l w o r l d . 

T h e " t r u e h y p o t h e s i s " . . . i s n o t i n t r o d u c e d a f t e r 
t h e phenomena aire a l r e a d y known and o r d e r e d a s 
m a g n i t u d e s . . . . . b u t i t s e r v e s t o make p o s s i b l e t h i s 
v e r y o r d e r , . , . , i t p o i n t s t h e way by w h i c h we 
a d v a n c e f r o m t h e s e n s u o u s m a n i f o l d o f s e n s a t i o n s 
t o t h e i n t e l l e c t u a l m a n i f o l d o f m e a s u r e and number. 

( C a s s i r e r [ 1 9 2 3 3 , 1 4 0 , 1 4 1 ) 

T h e o r d e r o f t h e " r e a l " and f a c t u a l c a n n o t be 
d i s c o v e r e d . . . . . w i t h o u t a c o n c e p t u a l a n t i c i p a t i o n 
o f a possible o r d e r . 

( C a s s i r e r [ 1 9 2 3 3 , 2 5 0 ) 

T h e s y s t e m a t i c u n i t y o f t h e u n d e r s t a n d i n g w h i c h C a s s i r e r 
r e q u i r e s demands t h a t o b j e c t s be l o c a t e d i n a s p a t i o - t e m p o r a l 
f r a m e and t h a t t h e y be c o n n e c t e d i n a l a w - l i k e and c a u s a l 
m a n n e r . B e y o n d t h a t t h e r e a r e no n e c e s s a r y ( o r a - p r i o r i ) 
c o n d i t i o n s , s o t h a t o u r c o n c e p t s and t h e h y p o t h e s e s f o r l a w s 
w h i c h we g e n e r a t e a r e e s s e n t i a l l y p r o v i s i o n a l . 

we i n s c r i b e t h e d a t a o f e x p e r i e n c e i n o u r 
c o n s t r u c t i v e s c h e m a , and t h i s g i v e s u s a p i c t u r e 
o f p h y s i c a l r e a l i t y , b u t t h i s p i c t u r e a l w a y s 
r e m a i n s a p.?an, n o t a c o p y , and i s a l w a y s c a p a b l e 
o f c h a n g e 

( C a s s i r e r [ 1 9 2 3 3 , 1 8 6 ) 

S c i e n c e i s n o t a r e p r e s e n t a t i o n a l s y s t e m o f a r e a l i t y u n d e r l y i n g 
o u r e x p e r i e n c e , b u t i s a c o n s i s t e n t , c o n c e p t u a l p l a n t h a t e n a b l e s 
u s t o make sense? o f o u r e x p e r i e n c e . We e f f e c t i v e l y a d v a n c e i n 
s c i e n c e by r e p l a c i n g l a w s thatt new e x p e r i e n c e o r new 
u n d e r s t a n d i n g i n v a l i d a t e s , w i t h more u n i v e r s a l i n t e r p r e t a t i o n s 
t h a i t c a n r e m a i n c o n s i s t e n t w i t h o u r o v e r a x l l v i e w o f t h e w o r l d . 
From t h i s c o n c e p t i o n we c a n a r r i v e ? a t a c o n c e p t o f s c i e n t i f i c 
t r u t h -

We c a l l ax p r o p o s i t i o n " t r u e " , n o t b e c a i u s e i t 
a^grees w i t h a f i x e d r e a l i t y beyond a l l t h o u g h t 
and all p o s s i b i l i t y o f t h o u g h t , b u t b e c a u s e i t 
i s v e r i f i e d i n t h e p r o c e s s o f t h o u g h t and l e a d s 
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t o new and f r u i t f u l c o n s e q u e n c e s . I t s r e a l 
j u s t i f i c a t i o n i s t h e e f f e c t , w h i c h i t p r o d u c e s 
i n t h e t e n d e n c y t o w a r d s p r o g r e ^ s s i v e u n i f i c a t i o n , 

( C a s s i r e r [ 1 9 2 3 ] , 3 1 8 ) 

C a s s i r e r h a s moved s i g n i f i c a n t l y b eyond t h e p o s i t i o n e s t a b l i s h e d 
by K a n t , and i n d e e d p r o c e e d e d f u r t h e r beyond Cohen and N a t o r p , 
He h a s , h o w e v e r , u s e d K a n t ' s t r a n s c e n d e n t a l method o f 
p h i l o s o p h i c a l c r i t i c i s m i n a n a l y s i n g t h e c o n d i t i o n s u n d e r w h i c h 
e m p i r i c a l k n o w l e d g e i s p o s s i b l e , and take?n t h e K a n t i a n p r e m i s s 
t h a t k n o w l e d g e i s o n l y p o s s i b l e i f i t c o n f o r m s t o a s y n t h e t i c 
u n i t y i n t h e u n d e r s t a n d i n g . To t h i s end he a c c e p t s t h a t s p a t i a l 
a n d t e m p o r a l c o n c e p t s , - a l b e i t o f p r o b l e m a t i c g e o m e t r y -, a r e 
n e c e s s a r y t o e m p i r i c a l e x p e r i e n c e and k n o w l e d g e , and t h a t , f o r 
s t r u c t u r a l u n i t y , i t i s a n e c e s s a r y c o n d i t i o n o f s c i e n t i f i c 
know 1 (edge t h a t u n i v e r s a l l a w s c o n n e c t e v e n t s i n t h e 
s p a t i o - t e m p o r a l d o m a i n . T h u s he m a i n t a i n s t h e t h e s i s t h a t 
a l t h o u g h t h e s e a - p r i o r i p r i n c i p l e s m u s t a p p l y , f o r k n o w l e d g e t o 
be p o s s i b l e , t h e s r e i s no a - p r i o r i n e c e s s a r y c o n t e n t o f s u c h 
knovj l e d g e . U n l i k e K a n t he i s n o t p r e p a r e d t o a c c e p t t h e 
n e c e s s i t y f o r E u c l i d e a n g e o m e t r y , n o r t h e n e c e s s i t y f o r a 
p a r t i c u l a r s y s t e m o f m e c h a n i c s . 

C a s s i r e r , a s R e i c h e n b a c h ' s t e a c h e r , m u s t h a v e promoted t h e s e 
i d e a s . R e i c h e n b a c h c r e d i t s C a s s i r e r i n h i s " A u t o b i o g r a p h i c a l 
S k e t c h e s f o r A c a d e m i c P u r p o s e s " , ( R e i c h e n b a c h [ 1 9 7 8 ] , v . 1 , 1 ) , a s 
b e i n g i m p o r t a n t t o h i s u n d e r s t a n d i n g o f p h i l o s o p h y , b u t , 
a l t h o u g h he m akes r e f e r e n c e i n t h r e e o f h i s a r t i c l e s t o 
C a s s i r e r ' s s u b s e q u e n t work E i n s t e i n ' s T h e o r y o f R e l a t i v i t y , 
p u b l i s h e d i n 1 9 2 1 , he n e v e r r e f e r s t o S u b s t a n c e and F u n c t i o n . 

I t w i l l be r e l e v a n t , i n e x a m i n i n g R e i c h e n t a a c h ' s t r e a t m e n t o f 
R e l a t i v i t y , t o l o o k a t C a s s i r e r ' s a n a l y s i s , b u t we must b e g i n 
w i t h an a p p r a i s a l o f E i n s t e i n ' s T h e o r y . 
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C h a p t e r 3 

E I N S T E I N AND H I S T H E O R I E S OF R E L A T I V I T Y 

A l b e r t E i n s t e i n p u b l i s h e d the? S p e c i a l T h e o r y o f R e l a t i v i t y i n 
1 9 0 5 , and t h e G e ^ n e r a l T h e o r y o f R e l a t i v i t y a p p e a r e d c o m p l e t e f o r 
t h e f i r s t t i m e i n 1 9 1 6 . The s i g n i f i c a n c e o f t h e s e t h e o r i e s i s 
n o t j u s t t h a t t h e y p r o v i d e new i n s i g h t s i n p h y s i c s , b u t b e c a u s e 
t h e y e x a m i n e the? f u n d a m e n t a l r e l a t i o n s h i p s o f m e c h a n i c s w i t h i n 
t h e i r s p a t i o - t e m p o r a i l s e t t i n g s . F o r two h u n d r e d and f i f t y y e a r s 
m e c h a n i c s had o p e r a t e d w i t h i n t h e fraimework s p e c i f i e d by Newton; 
E i n s t e i n ' s T h e o r i e s s u p p l a n t e d t h e N e w t o n i a n s y s t e m . 

To a p p r e c i a t e t h e S p e c i a l T h e o r y o f R e l a t t i v i t y i t i s n e c e s s a r y 
t o e x a m i n e t h e h i s t o r i c a l c o n t e x t . Newton's m e c h a n i c s a r e b a s e d 
on t h r e e p r i n c i p l e s , - h i s L a w s o f M o t i o n ;-

1 E v e r y body c o n t i n u e s i n i t s s t a t e o f r e s t , o r 
o f u n i f o r m m o t i o n i n a r i g h t l i n e , u n l e s s i t i s 
c o m p e l l e d t o c h a n g e t h a t s t a t e by f o r c e s 
i m p r e s s e d upon i t . 

2 The chaxnge o f m o t i o n i s p r o p o r t i o n a l t o t h e 
m o t i v e f o r c e i m p r e s s e d ; and i s made i n t h e 
d i r e c t i o n o f t h e r i g h t l i n e i n w h i c h t h a t f o r c e 
i s i m p r e s s e d . 

•3 To e v e r y a c t i o n t h e r e i s a l w a y s o p p o s e d an e q u a l 
r e ? a c t i o n ; o r , t h e rriutual a c t i o n s o f two b o d i e s 
upon e a c h o t h e r a r e a^lwaiys e q u a l and d i r e c t e d t o 
c o n t r a i r y p a r t s . 

(Newton [ 1 9 3 4 3 , 1 3 ) 

T h e f i r s t two o f t h e s e p r e s e n t c o n c e p t u a l p r o b l e m s w h i c h had 
b e e n i d e n t i f i e d fay L e i b n i z . The p r o b l e m i s i n d e f i n i n g t h e 
fraimework a g a i n s t w h i c h a body c a n be deemed t o be a t r e s t o r 
m o v i n g w i t h u n i f o r m v e l o c i t y . N ewton's m e c h a n i c a l s y s t e m i s 
e f f e c t i v 6 ? l y s e t a g a i n s t an a b s o l u t e s p a t i a l and t e m p o r a l 
f r a m e w o r k , s o t h a t e a c h body i n i t s s p a t i a l s e t t i n g c a n be 
deemed t o h a v e an i n t r i n s i c a b s o l u t e v e l o c i t y . I t was L e i b n i z ' 
c o n t e n t i o n - "The paxrts o f s p a c e a r e d e t e r m i n e d and 
d i s t i n g u i s h e d o n l y by t h e t h i n g s w h i c h a i r e i n them. . . B u t s p a c e , 
t a k e n a p a r t f r o m t h i n g s , h a s n o t h i n g i n i t s e l f t o d i s t i n g u i s h 
i t , and i n d e e d i t h a s n o t h i n g a c t u a l a b o u t i t " , 
( L e i b n i z [ 1 9 7 3 3 , 2 3 ^ 5 ; C o r r e s p o n d e n c e v j i t h C l a t r k e , p a r a 6 7 ) . 

A l s o , i n h i s T h i r d P a p e r t o C l a r k e , L e i b n i z , i n P a r a 4 , 
m a i n t a i i n s " s p a c e t o be s o m e t h i n g p u r e l y r e 1 a t i v e , , . . t i m e i s an 
o r d e r o f s u c c e s s i o n " ( L e i b n i z [ 1 9 7 3 3 , 2 1 1 ) . T h u s L e i b n i z ' c l a i m 
i s t h a t s p a c e i s e r e c t e d a s a f r a m e t o r e l a t e b o d i e s , and t i m e 
i s the? f r a m e t h a t o r d e r s e v e n t s . I n o t h e r w o r d s , s p a t i a l and 
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tenrifjoral measurements are v a l i d o n l y i n r e l a t i o n t o o b j e c t s and 
e v e n t s , and hence t h e Newtonisin system which depends on a b s o l u t e 
p o s i t i o n and a b s o l u t e motion i s f u n d a m e n t a l l y f l a w e d , Kant, 
f o l l o w i n g L e i t a n i s , a l s o denotes space and time as frames t o 
r e l a t e bodies and e'vents, but takes a d i f f e r e n t view of t h i s 
from L e i b n i z , who had disserted the? primacy of o b j e c t s and 
e v e n t s , by d e m o n s t r a t i n g t h a t o b j e c t i v e space and time were 
necessary c o n d i t i o n s f o r knowledge of such o b j e c t s and events. 
Thus Kant i s a b l e t o accept the concept of the primacy of space 
and t i m e , and t h e r e b y p r o v i d e s an accommodation f o r Newtonian 
mechanics, but w i t h o u t r e s o l v i n g the b a s i s on which the a b s o l u t e 
c o - o r d i n a t e s r e q u i r e d by Newton's Laws are t o be e s t a b l i s h e d . 

D e s p i t e t h i s p o s s i b l y i n h e r e n t weakness i n i t s f o u n d a t i o n s , 
s c i e n c e had used Newton's system f o r two and a h a l f c e n t u r i e s 
w i t h o u t s e r i o u s p r o b1ems„ 

A consequence of t h e concept of an a b s o l u t e space w i t h a b s o l u t e 
d e t e r m i n a t i o n of p o s i t i o n and v e l o c i t y i s a s i m p l e r e l a t i o n s h i p 
f o r d e t e r m i n i n g t h e r e l a t i v e v e l o c i t i e s of moving bodies. An 
e x a i T i p l e , which E i n s t e i n h i m s e l f uses i n h i s popular e x p o s i t i o n 
R e l a t i v i t y . , p u b l i s h e d i n 1920, concerns a man w a l k i n g along a 
t r a i n i n the d i r e c t i o n i n which the t r a i n i s moving. I f the 
t r a i n moves w i t h v e l o c i t y v, and t h e man walks w i t h v e l o c i t y w., 
then the man's v e l o c i t y i n r e l a t i o n t o the embankment beside the 
r a i l w a y i s v- + w„ I f i n s t e a d of t h e man w a l k i n g along the t r a i n , 
vje c o n s i d e r a ray of l i g h t f l a s h e d along the t r a i n i n i t s 
d i r e c t i o n o f t r s i v e l w i t h v e l o c i t y c, then the v e l o c i t y of l i g h t 
i n r e l a t i o n t o t h e embankment should then be v + c. 

T h i s c o n s e q u e n c E j , towa\rds the end of the n i n t e e n t h Century, had 
appeared a t odds -with emerging t h e o r y and experiment. In 1865 
the S c o t t i s h p h y s i c i s t , James Cl e r k Maxwell, had produced a 
g e n e r a l i s e d e l e c t r o m a g n e t i c f i e l d t h e o r y which c o n t a i n e d a 
c o n s t a n t v e l o c i t y of e l e c t r o m a g n e t i c t r a n s m i s s i o n through empty 
space. Maxwell had p o s t u l a t e d t h a t "empty" space be f i l l e d w i t h 
a medium - t h e A e t h e r - as c a r r i e r of e l e c t r o m a g n e t i c waves ( o f 
which l i g h t i s a s p e c i f i c example), and t h i s a e ther allowed a 
c o n s t a n t and a b s o l u t e v e l o c i t y of t r a n s m i s s i o n of l i g h t . The 
r e s u l t a n t v e l o c i t y of l i g h t f o r o b s e r v e r s from Maxwell's Theory 
should t h e r e f o r e depend on t h e i r own v e l o c i t y r e l a t i v e t o the 
a e t h e r . Thus, i n the example of E i n s t e i n ' s , the observer on the 
embankment, i f a t r e s t r e l a t i v e t o the a e t h e r , w i l l r e c o r d a 
l i g h t v e l o c i t y of c, whereas the obser'ver on the t r a i n w i l l 
r e c o r d a v e l o c i t ' y of c-v. 

F o l l o w i n g from Maxwell's t h e o r y and t h e accepted b e l i e f i n 
a b s o l u t e space c o - o r d i n a t e s , a g a i n s t which the aether i s 
m o t i o n l e s s , i t s h o u l d have been p o s s i b l e t o d e t e c t d i f f e r e n c e s 
i n t h e - v e l o c i t y of l i g h t from the E a r t h depending on d i f f e r i n g 
r e l a t i v e speeds be;tween the E a r t h &nd the a e t h e r . Such 
d i f f e r e n c e s s h o u l d emerge i f the v e l o c i t y of l i g h t i s measureed 
i n d i r e c t i o n s separaited by n i n e t y degrees. The Michelson-Morley 
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experiment wa=j executed i n 1897, and no d e t e c t a b l e d i f f e r e n c e s 
i n t h e v e l o c i t y of l i g h t were d e t e c t e d . Thus, not o n l y d i d t h i s 
n o t demonstrate t h e e f f e c t o f the h y p o t h e t i c a l a e t h e r , but the 
Michelson-Morley r e s u l t was a l s o a t v a r i a n c e w i t h the simple law 
of a d d i t i o n o f r e l a t i v e v e l o c i t i e s t h a t was a d i r e c t consequence 
of t h e Wewtonie^n system. T h i s anomaly had been examined by 
F-'oincare and Lor'entr. p t h e l a t t e r having f u r t h e r developed 
Maxwell's f i e l d t h e o r i e s t o account f o r e l e c t r o m a g n e t i c 
phenomena, and i n 1395 he p r o v i d e d a s o l u t i o n t o the apparent 
i n c o m p a t i b i l i t y o f Maxwell's t h e o r y w i t h r e s u l t s of the 
Michelson-Morley experiment. L o r e n t s ' h y p o t h e s i s was t h a t moving 
o b j e c t s are f o r e s h o r t e n e d i n t h e i r d i r e c t i o n of t r a v e l through 
the s t a t i o n a r y a e t h e r by a f a c t o r -

2 2 1/2 
( .1. - V /C ) 

(Where? C i s t h e speed of l i g h t and V i s the speed of the o b j e c t ) 

From t h i s i t f o l l o w s t h a t measuring apparatus moving through the 
a e t h e r v M i l l be f o r e s h o r t e n e d , and i t can be demonstrated t h a t on 
t h i s h y p o t h e s i s t he Michelson-Morley experiment would y i e l d a 
v e l o c i t y o f l i g h t as measured which was independent of the 
d i r e c t i o n of measureme?nt. That i s , d e s p i t e the r e l a t i v e motion 
of E a r t h and a e t h e r , t he v e l o c i t y o f l i g h t measured i n t h i s way 
appears t o be c o n s t a n t . T h i s s o l u t i o n p r o v i d e s a coherent 
mathematical s t r u c t u r e , but l a c k s both a s c i e n t i f i c 
j u s t i f i c a t i o n and independent p h y s i c a l evidence t o su p p o r t it„ 

E i n s t e i n ' s S p e c i a l Theory of R e l a t i v i t y was f i r s t p u b l i s h e d i n 
1905 i n Anna 1 en dei: Physik, ser„ 4, v o l 17, 891-921, "Zur 
Ele k t r o d y n a m i k bewegter Korper". E i n s t e i n ' s o b j e c t i v e i s t o 
r e c o n c i l e t h e f o u n d a t i o n s of mechanics, n o t o n l y w i t h the 
apparent d i s c r e p a n c i e s which L o r e n t s had t a c k l e d , but a l s o w i t h 
t he f l a w s i n t h e Newtonian concepts o f "a b s o l u t e space" and 
" a b s o l u t e t i m e " . He was a l i v e t o L e i b n i z ' o b j e c t i o n s , and 
p a r t i c u l a r l y t o those made by the p h y s i c i s t / p h i l o s o p h e r E r n s t 
Mach i n T'he Science of Mechanicss ft C r i t i c a l and H i s t o r i c a l 
Account o f I t s Development, whose f i r s t German e d i t i o n was 
p u b l i s h e d i n 1883. Mach had attempted t o r e l a t e mechanical 
eve^nts, n o t t o an a b s o l u t e s p a t i a l f ramejv-jork, b u t , t o r e f e r e n c e 
masses, E i n s t e i n t h e r e f o r e takes care t o d e f i n e t he concepts he 
employs i n mechanical measurement. 

He makes a c l e a r statement of the systems t o which r e l a t i v e 
measurements are t o be a p p l i e d . Newton's F i r s t Law of Motion 
concerned i t s e l f w i t h bodies i n a s t a t e of r e s t or u n i f o r m 
motion as measured a g a i n s t Absolute space and time c o - o r d i n a t e s ; 
E i n s t e i n ' s s t a r t i n g p o i n t , i n r e j e c t i n g the concept of a b s o l u t e 
c o - o r d i n a t e s , was t o c o n s i d e r s p a t i a l r e f e r e n c e frames moving 
r e l a x t i v e t o each o t h e r w i t h u n i f o r m v e l o c i t y . His o b j e c t i v e was 
t o p r o v i d e r e l a t i o n s h i p s between the measurements o b t a i n e d t o 
d e s c r i b e a moving body a g a i n s t one r e f e r e n c e frame w i t h the 
measurements o b t a i n e d a g a i n s t a s6?cond frame, which was moving 
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u n i f o r m l y vMith r e s p e c t t o t h e f i r s t r e f e r e n c e frame. 

He d e f i n e s how he proposes t o make p h y s i c a l measurements of 
s p a t i a l e x t e n s i o n and temporal d u r a t i o n . S p a t i a l c o o r d i n a t e s i n 
each r e f e r e n c e frame a r e t o be c o n s t r u c t e d from u n i t measuring 
r o d s , and temporal d u r a t i o n i s t o be measured by standard 
mechanical c l o c k s . Coincidence of s p a t i a l p o s i t i o n can be 
c l e a r l y e s t a b l i s h e d from any r e f e r e n c e frame, but E i n s t e i n 
c l a r i f i e s what i s t o be understood i n the concept of 
s i m u l t a n e i t y of events o c c u r r i n g a t s p a t i a l l y d i s t i n c t p o i n t s . 
I t i s the consequence of working w i t h t h i s d e f i n i t i o n which 
g i v e s t h e S p e c i a l Theory o f R e l a t i v i t y i t s r e v o l u t i o n a r y impact. 
The Newtonian system of mechanics doesn't r e q u i r e such a 
d e f i n i t i o n because an a 11-pervasive a b s o l u t e time i s presumed. 
L e i b n i z ' o b j e c t i o n t o t h i s concept had not been worked through 
i n r e l a t i o n t o temporal measureme?nt of events u n t i l E i n s t e i n 
t a c k l e d i t , E i n s t e i n was q u i t e c l e a r t h a t when we come t o 
measure o b j e c t s , we choose how we do i t . Thus i n measuring 
s p a t i a l e x t e n s i o n WĜ  do t h i s w i t h the a i d of a p h y s i c a l o b j e c t , -
f o r example a s t a n d a r d metre -, and i n doing t h i s presume t h a t 
t h i s w i l l p r o v i d e c o n s i s t e n c y . The v a l u e of u s i n g t h i s measuring 
system, however, i s o n l y demonstrated i n p r a c t i c e when i t 
p r o v i d e s c o n s i s t e n t r e s u l t s . Thus the choice i s i n e f f e c t 
i n i t i a l l y a r b i t r a r y , but i t s r e l e v a n c e and u s e f u l n e s s w i l l o n l y 
be proven i n use when i t g i v e s r e p e a t a b l e r e s u l t s and a means of 
s c i e n t i f i c a l l y coming t o terms w i t h e x p e r i e n c e . We can proceed 
beyond t h e s p a t i a l measure ' i t s e l f by choosing a frame of 
r e f e r e n c e - c o - o r d i n a t e s - a g a i n s t which we can record 
measurements made w i t h our s t a n d a r d . With temporal measurement 
we use a s t a n d a r d c l o c k , but we r e q u i r e a r u l e about how 
measurements made w i t h t h i s r e l a t e t o s p a t i a l l y d i f f e r e n t 
p o s i t i o n s . E i n s t e i n t h e r e f o r e d e f i n e s simultaneous times a t 
d i f f e r e n t p o i n t s vjhen l i g h t s i g n a l s i n i t i a t e d a t these events 
a r r i v e t o g e t h e r a t a p o i n t s i t u a t e d e q u i d i s t a n t l y from the 
s p a t i a l l o c a t i o n s of t h e e v e n t s . Thus E i n s t e i n t i e s i n the 
temporal m e t r i c w i t h the s p a t i a l m e t r i c i n a p a r t i c u l a r 
r e f e r e n c e frame, and, f o r example, two events would be deemed t o 
be s i m u l t a n e o u s i f an observer s p a t i a l l y e q u i d i s t a n t from each 
were t o be i n f o r m e d s i m u l t a n e o u s l y of both events by l i g h t 
s i g n a l s . I t must be noted t h a t the concept of s i m u l t a n e i t y of 
s p e c i f i c events does not t r a n s f o r m from one r e f e r e n c e frame t o 
a n o t h e r i n e r t i a ! frame, but i s a p r o p e r t y shared o n l y by frames 
a t r e s t r e l a t i v e t o each o t h e r . 

E i n s t e i n , i n a d d i t i o n t o d e f i n i n g h i s s p a t i o - t e m p o r a l m e t r i c , 
a l s o i n t r o d u c e s a s c i e n t i f i c laxw i n t o h i s t h e o r y , t o take 
account o f the Michelson-Morley e x p e r i m e n t a l r e s u l t and 
r e c o n c i l e i t w i t h Maxwell's e l e c t r o m a g n e t i c t h e o r y . The 
s c i e n t i f i c law which E i n s t c j i n propounds i s t h a t the v e l o c i t y of 
t r a n s m i s s i o n o f l i g h t i n vacuo i s independent of the v e l o c i t y of 
the body e m i t t i n g the l i g h t . T h i s law had been accepted by 
Maxwell and L o r e n t z , but they had regarded the t r a n s m i s s i o n of 
l i g h t as a d i s t u r b a n c e of the a e t h e r , and had t h e r e f o r e 
concluded t h a t a r e f e r e n c e frame moving r e l a t i v e t o the aether 
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would r e s u l t i n a changed measure of l i g h t - v e l o c i t y . E i n s t e i n ' s 
law r e c o n c i l e s t h e apparent anomaly v j i t h experiment by d i s r e g a r d 
of the cance)pt of a e t h e r as a c a r r y i n g medium f o r 
e l e c t r o m a g n e t i c t r a n s m i s s i o n , and a s s e r t s the fundamental n a t u r e 
of the e l e c t r o m a g n e t i c , or l i g h t , s i g n a l i t s e l f . His law, 
t h e r e f o r e , a s s e r t s t h a t the v e l o c i t y of a l i g h t s i g n a l has a 
common v a l u e i n a l l u n i f o r m l y moving i n e r t i a ! r e f e r e n c e frames. 
I t i s on t h i s ground t h a t he i s a b l e t o p r o v i d e a c o n s i s t e n t 
d e f i n i t i o n of s i m u l t a n e i t y i n a p a r t i c u l a r r e f e r e n c e frame. I t 
i s a l s o presumed i n t h e a n a l y s i s t h a t the speed of l i g h t i s 
e f f e c t i v e l y a l i m i t i n g speed, t h a t i t p r o v i d e s thes f a s t e s t 
s i g n a l . 

Ei'instein completes t h e groundwork f o r h i s theor'/ w i t h h i s 
d e c l a r a t i o n of the P r i n c i p l e of R e l a t i v i t y . The? P r i n c i p l e which 
E i n s t e i n p r e s e n t s i s t h a t t h e same gene r a l s c i e n t i f i c laws which 
are demonstrated t o a p p l y i n r e l a t i o n t o a s p a t i o - t e m p o r a l 
c o - o r d i n a t e r e f e r e n c e s-ystem, w i l l a l s o apply when r e l a t e d t o 
any o t h e r r e f e r e n c e system which i s moving u n i f o r m l y i n r e l a t i o n 
t o t h e f i r s t system. Thus t h e r e i s an e q u i v a l e n c e between 
u n i f o r m l y moving r e f e r e n c e systems i n d e s c r i b i n g n a t u r a l 
phenomena. T h i s p r i n c i p l e i s p a r t i c u l a r l y r e l e v a n t t o Maxwell's 
e q u a t i o n s of e l e c t r o m a g n e t i c t r a n s m i s s i o n which were o n l y v a l i d 
when measured axgainst one r e f e r e n c e frame,- namely the a e t h e r . 
The p r i n c i p l e a l s o c o n t a i n s the presumption t h a t t h e r e are r u l e s 
of space and t i m e c o - o r d i n a t e t r a n s f o r m a t i o n between u n i f o r m l y 
moving r e f e r e n c e frames ( i n e r t i a l systems). 

Thus, E i n s t e i n s e t s out w i t h a chosen system of s p a t i a l and 
temporal measuring t o i n v e s t i g a t e t h e r e s u l t s t h a t he w i l l 
a c h i e v e i n r e l a t i n g p h y s i c a l data t o i n e r t i a l r e f e r e n c e frames. 
The c o n d i t i o n s t h a t such r e s u l t s must be s u b j e c t t o , are t h a t 
t h e v e l o c i t y of p r o p a g a t i o n of l i g h t i s both c o n s t a n t and a 
l i m i t i n g v e l o c i t y , and t h a t physicail laws must be e q u i v a l e n t i n 
a l l i n e r t i a l frames, E i n s t e i n i s e f f e c t i v e l y d e f i n i n g a new 
e p i s t e m o l o g i c a l b a s i s f o r mechanics, and thereby m o d i f y i n g the 
Newtonian system w i t h i t s d i r e c t appeal t o the e x i s t e n c e of 
a b s o l u t e s p a t i a l and temporal r e f e r e n c e frames. The d i r e c t 
consequence of t h i s approach i s t h a t the Lorentz t r a n s f o r m a t i o n s 
are d e r i v e d f o r r e l a t i n g measurements i n one r e f e r e n c e frame 
w i t h those i n another frame moving u n i f o r m l y i n r e l a t i o n t o i t . 
Whereas L o r e n t z , however, had m a t h e m a t i c a l l y produced h i s 
t r a n s f o r m a t i o n s i n o r d e r t o ensure t h a t Maxwell's Laws could be 
c o n s i s t e n t , E i n s t e i n had d e r i v e d them from e p i s t e m o l o g i c a l l y 
c o n s i d e r i n g t h e meatsuring process i t s e l f . 

V a r i o u s consequences emerge; from the S p e c i a l Theory of 
R e l a t i v i t y , F i r s t o f a l l , t h e v e l o c i t y of l i g h t does r e p r e s e n t 
an upper p h y s i c a l l i m i t o f v e l o c i t y , and the concept of 
mechanical p r o p a g a t i o n a t h i g h e r speeds invokes the mathematics 
of " i m a g i n a r y " numbers as w e l l as the e p i s t e m o l o g i c a l problem of 
a r e v e r s a l of temporal (and c a u s a l ) o r d e r i n g . Secondly, a moving 
o b j e c t appears t o a s t a t i o n a r y observer t o be f o r e s h o r t e n e d i n 
t h e d i r e c t i o n of t r a v e l , such f o r e s h o r t e n i n g approaching t o a 
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l i m i t i n g v a l u e o f zero l e n g t h as the o b j e c t a c c e l e r a t e s towards 
the speed of l i g h t . F u r t h e r t o t h i s , temporal d u r a t i o n on a 
moving body appears t o i n c r e a s e when measured by a s t a t i o n a r y 
o b s e r v e r , and, as t h e body a c c e l e r a t e s towards t h e speed of 
l i g h t , temporal d u r a t i o n appears t o extend towards an i n f i n i t e 
va1ue„ 

These r e s u l t s are a d i r e c t consequence of a p p l i c a t i o n of the 
Lo r e n t z t r a n s f o r m a t i o n s which pre-dated the S p e c i a l Theory of 
R e l a t i v i t y ; b u t whereas L o r e n t z had i n t r o d u c e d these as a means 
of making e l e c t r o m a g n e t i c t h e o r y c o n s i s t e n t and i n t r o d u c e d an 
unsupported h y p o t h e s i s of l e n g t h f o r e s h o r t e n i n g i n the d i r e c t i o n 
of m o t i o n , E i n s t e i n had begun by c o n s i d e r i n g t he e p i s t e m o l o g i c a l 
b a s i s of s t a t e m e n t s aind measurements of s p a t i a l and temporal 
p r o p e r t i e s . A l t h o u g h , t h e r e f o r e , i t i s not p o s s i b l e 
e x p e r i m e n t a l l y t o d i s c r i m i n a t e between the a p p l i c a b i l i t y of the 
work of L o r e n t z and E i n s t e i n , because they p r o v i d e the same 
e m p i r i c a l p r e d i c t i o n s , E i n s t e i n p r o v i d e s coherence and 
s i m p l i c i t y whereas Lore?ntz i n t r o d u c e s an a d d i t i o n a l h y p o t h e s i s 
t o p r o v i d e conformance between a t h e o r y and i t s wider 
a p p 1 i c a b i l i t y . 

I t i s a l s o w o r t h n o t i n g t h a t t h e Lorentz t r a n s f o r m a t i o n s , and 
hence E i n s t e i n ' s Theory, o n l y g i v e measureably d i f f e r e n t r e s u l t s 
from Newtonian mechanics when the f a c t o r -

2 '? 
V /C 

i s s i c ^ n i f i c a n t „ That i s , when t h e v e l o c i t y of the measured body 
i s o f the? same o r d e r of magnitude? as t h a t of l i g h t . This 
c o n d i t i o n o n l y has measureable s i g n i f i c a n c e when s t u d y i n g t he 
movements o f fundamental s m a l l p a r t i c l e s , or on the 
i n t e r - g a l a c t i c s c a l e . Experimental work i n both of these areas 
has borne o u t the e f f e c t s t h a t S p e c i a l R e l a t i v i t y p r e d i c t s . For 
everyday t e r r e s t i i i l p h y s i c s , however, the Newtonian system 
p r o v i d e s an adequate model . 

E i n s t e i n c o n t i n u e s from h i s study o f measured behaviour i n 
i n e r t i a l frames by c o n s i d e r i n g t h e concepts o f energy and mass. 
There are t h r e e s e p a r a t e uses of the idea of mass i n physics 
which E i n s t e i n i d e n t i f i e s , but which c l a s s i c a l mechanics had 
regarded as e q u i v a l e n t . F i r s t l y , t h e r e i s mass as r e p r e s e n t i n g a 
q u a n t i t y o f m a t t e r 5 secondly t h e r e i s i n e r t i a l mass ( i t s 
r e s i s t a n c e t o a c c e l e r a t i o n by an a p p l i e d f o r c e ) ; and t h i r d l y 
t h e r e i s g r a v i t a t i o n a l mass which determines a body's behaviour 
i n a g r a v i t a t i o n a l f i e l d . E i n s t e i n c o n s i d e r s t he t h i r d of these 
f u l l y i n h i s General Theory of R e l a t i v i t y , but he d i s t i n g u i s h e s 
between the f i r s t two i n the S p e c i a l Theory. A consequence of 
the a p p l i c a t i o n of h i s t h e o r y t o dynamic systems i s t h a t 
meaisured i n e r t i a l mass i n c r e a s e s as the r e l a t i v e v e l o c i t y of the 
moving body i n c r e a s e s . I n e r t i a l mass approaches an i n f i n i t e 
v a l u e as t h e r e l a t i v e v e l o c i t y approaches t h a t of l i g h t , 
E i n s t e i n e f f e c t i v e l y r e l a t e s energy o f a body t o i t s i n e r t i a l 
mass, and demonstrates t he e q u i v a l e n c e by t h e r e l a t i o n s h i p f o r a 
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body a t r e l a t i ' v e r e s t by -
2 

Energy MC 
A consequence of t h i s r e s u l t i s t h a t i f a 
q u a n t i t y of e?nergy E, i t s i n & ? r t i a l mass i s 
a^mount -

body absorbs a 
increased by an 

E/C . 

E:instein reqaxrded t h i s d e m o n s t r a t i o n of the e q u i v a l e n c e of the 
concepts of mass and energy as the most s i g n i f i c a n t r e s u l t of 
the S p e c i a l The?ory of R e l a t i v i t y , 

The mathematician Hermann Minkowski, i n 1903, added t o the 
Sp6?cial Theory of R e l a t i v i t y , by d6?monstrating t h a t t he 
e q u a t i o n s o f mechanics c o u l d be s i m p l i f i e d by r e p l a c i n g the 
threse d i r e c t i o n a l s p a t i a l c o - o r d i n a t e s and t h e s i n g l e dimension 
of t i m e w i t h a u n i f i e d f o u r - d i m e n s i o n a l continuum, i n which the 
temporal dimension takes on s p a t i a l dimensions by using the u n i t 
of measurement iCT where i . i s the "imaginary" square r o o t of - 1 . 
"fhis y i e l d s t h e concept of a space-time i n v a r i a n t measure of 
i n c r e m e n t a l l e n g t h as -

2 7 2 2 2 
square r o o t ( d X + d'V + dZ - CdT ) 

where X,Y,2! are c o n v e n t i o n a l space c o - o r d i n a t e s . The Theory of 
R e l a t i v i t y t h e r e b y p r o v i d e s an observer w i t h an i n t e g r a t e d view 
of space-time, and conforms t o the requirements of Kant, f o r 
whom the? e m p i r i c a l w o r l d , i f i t i s t o be the s u b j e c t of 
knowledge, must be presented i n a coherent s p a t i a l and temporal 
s e t t i n g . Events must have s p a t i a l and temporal p o s i t i o n , and 
must be c a u s a l l y r e l a t e i a b l e . 

Minkowski's s i m p l i f i c a t i o n enabled E i n s t e i n t o develop h i s 
t h e o r y fu.rth&?r vMith p u b l i c a t i o n i n 1916 , i n Annalen der Physik, 
s e r . 4, v o l . 49, 769-822, as "Die Grundlage der allgemeinen 
R e l a t i v i t S i t s t h e o r i e " , o f The General Theory of R e l a t i v i t y , 

The General 
systems o f 
c o n f i n e d t o 
each o t h e r . 

Theory extends r e l a t i v i s t i c mechanics t o general 
r e f e r e n c e , whereas the Spe?cial Theory had been 
i n e r t i a l systems moving u n i f o r m l y i n r e l a t i o n t o 
EElinstein extends h i s P r i n c i p l e of R e l a t i v i t y t o 

cover n o t o n l y i n e r t i a l systems, but. such t h a t the laws of 
ph-ysics a p p l y t o systems of r e f e r e n c e i n any k i n d of motion. 

A l l bodies of r e f e r e n c e , . , a r e e q u i v a l e n t f o r t h e 
d e s c r i p t i o n of n a t u r a l phenomena ( f o r m u l a t i o n of 
the g e n e r a l laws of n a t u r e ) , whatever may be t h e i r 
s t a t e of motion. 

( E i n s t e i n [ 1 9 2 0 ] , 61) 
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Equipped w i t h t h i s and Minkowski's method of a n a l y s i s of the 
space—time continuum, E i n s t e i n examines a system of a 
g e n e r a l i s e d geometry of space-time. He c o n s i d e r s , f o r example, 
geometry on t h e s u r f a c e of a r o t a t i n g d i s c . Using t he r e s u l t s 
o b t a i n e d i n the S p e c i a l Theory we can imagine an observer a t the 
c e n t r e of a r o t a t i n g d i s c w i t h two u n i t measuring rods a t the 
p e r i m e t e r , - one i n a r a d i a l p o s i t i o n and the o t h e r t a n g e n t i a l . 
A c cording t o t h e S p e c i a l Theory t he t a n g e n t i a l rod w i l l s u f f e r a 
l e n g t h c o n t r a c t i o n as measur(;?d by the s t a t i o n a r y observer, 
whereas the r a d i a l rod w i l l m a i n t a i n i t s measured l e n g t h . Thus 
th e measured r a t i o o f the t o t a l c i r c u m f e r e n c e t o the r a d i u s of 
the d i s c w i l l be l e s s than 2 X " p i " , which i s the r e s u l t t h a t 
VMOuld have o b t a i n e d on a n o n - r o t a t i n g d i s c . Thus, f o r the 
observer a t t h e c e n t r e of the r o t a t i n g d i s c , Euclidean geometry 
does n o t ap p l y t o the? s u r f a c e o f t h e d i s c . The geometry i s a k i n 
t o t h a t on t h e s u r f a c e o f a convex s u r f a c e , - the f u r t h e r t h e 
t a n g e n t i a l measuring rod i s moved from the c e n t r e o f the d i s c 
towards t he c i r c u m f e r e n c e , t h e f a s t e r i t appears t o move i n 
r e l a t i o n t o the observe?r a t t h e ce?ntre, and consequently the 
s m a l l e r t he v a l u e o f measured " p i " ^ t h a t i s o b t a i n e d . S i m i l a r l y 
the? l a r g e r the? c i r c l e drawn on a convex s t a t i o n a r y s u r f a c e , the 
s m a l l e r t h e measured v a l u e o f " p i " . Thus E i n s t e i n demonstrates 
t h a t t h e a c t u a l geometry o"̂  g e n e r a l space i s determined by the 
dynamic configurattic-sn of t h a t space, E u c l i d ' s geometry can 
there;fore have no u n i v e r s a l a p p l i c a t i o n , taut can apply o n l y as 
an apjproximation i n sm a l l volumes. The geometry of space i s not 
de?te?rmined a ~ p r i o r i , but i s an 6?mpirical p r o p e r t y dependent on 
the Ic-jcal dynamics, E i n s t e i n t h e r e f o r e moves on from 
c o n s i d e r i n g r i g i d i n e r t i a l re?ference frames, as i n the Sp e c i a l 
Theor-y of R e l a t i v i t y , and r e f e r s measurements t o a 
f o u r - d i m e n s i o n a l " m o l l u s c " . He uses t h i s term t o i n d i c a t e the 
g e n e r a l i s e d geometry w i t h which he i s wor k i n g , using a 
non-Euclidean system of a type as f i r s t used by Gauss. 

E i n s t e i n c o n t i n u e s t o examine s p a t i a l p r o p e r t i e s , and looks a t 
the e f f e c t o f mass on s p a t i a l geometry, having p r e v i o u s l y 
i d e n t i f i e d t h a t i n e r t i a l mass and energy are e f f e c t i v e l y 
i d e n t i c a l . He c o n s i d e r s an i s o l a t e d body s u b j e c t t o an 
a c c e l e r a t i o n , and concludes t h a t r e s u l t a n t f o r c e on the body 
c o u l d e q u a l l y v a l i d l y be int6?rpre-jted as e i t h e r g r a v i t a t i o n a l or 
i n e r t i a l . He t h e r e b y concludes t h a t j u s t as the i n e r t i a l f o r c e s 
on a body determine t he l o c a l geometry of space, so does the 
l o c a l c j r a v i t a t i o n a l f i e l d , and t h a t t h e g r a v i t a t i o n a l mass of a 
body i s equival£?nt t o i t s i n e r t i a l mass. For E i n s t e i n , 
t h e r e f o r e , t h e g r a v i t a t i o n a l f i e l d i s a loca^l propert-y of space. 
He? has th e r e b y withdrawn g r a v i t y from t he contemporary search t o 
r e l a t e i t t o t h e e l e c t r o m a g n e t i c f i e l d p r o p e r t i e s developed by 
Maxwell and L o r e n t z . G3ravity i s a g e o m e t r i c a l p r o p e r t y of space, 
which i s determined by the l o c a l c o n f i g u r a t i o n of i n e r t i a l 
masses. 

Several consequences d e r i v e from t h i s which are e m p i r i c a l l y 
v e r i f i a b l e , o f which t he most immediate i s t h a t l i g h t must be 
s u b j e c t t o the i n f l u e n c e s of mass through the l o c a l 
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g r a v i t a t i o n a l geometry, Rays of l i g h t are i n e f f e c t propagated 
c u r v i 1 i n e a r l y i n g r a v i t a t i o n a l f i e l d s , and hence l i g h t , when i n 
th e neighbourhood o f i n e r t i a l masses, does n ot m a i n t a i n a 
c o n s t a n t v e l o c i t y "c". T h i s has been demonstrated by measuring 
t h e d e f l e c t i o n o f s t e l l a r l i g h t by the i n f l u e n c e of the mass of 
th e Sun, when t h i s can be observed as d u r i n g an e c l i p s e . On the 
fa c e of i t , E i n s t e i n ' s Law of the constancy of v e l o c i t y of l i g h t 
i n vacuo appears t o be i n v a l i d a t e d by t h i s c o n c l u s i o n , but he 
m a i n t a i n s t h a t t h i s Law does r e p r e s e n t a l i m i t i n g and i d e a l 
c o n d i t i o n o f t h e behaviour of l i g h t which i s not s u b j e c t t o 
g r a v i t a t i o n a l i n f l u e n c e . In h i s s i m p l i f i e d summary of the th e o r y 
i n h i s book R e l a t i v i t y , E i n s t e i n draws the analogy of the 
S p e c i a l Theory being a l i m i t i n g case of the General Theory of 
R e l a t i v i t y , by r e f e r r i n g t o e l e c t r o s t a t i c s as a l i m i t i n g case of 
e l e c t r o d y n a m i c t h e o r y , and being none the l e s s r e l e v a n t thereby. 
He then quotes -

No f a i r e r d e s t i n y c o u l d be a l l o t t e d t o any p h y s i c a l 
t h e o r y , than t h a t i t should o f i t s e l f p o i n t the 
way t o t h e i n t r o d u c t i o n o f a more comprehensive 
t h e o r y , i n which i t l i v e s on as a l i m i t i n g case. 

( E i n s t e i n [ 1 9 2 0 ] , 77) 

E i n s t e i n i s f o l l o w i n g t h r o u g h t he p r i n c i p l e 
development of knowledge which C a s s i r e r had 
Substance and F u n c t i o n . 

of s c i e n t i f i c 
enunciated i n 

A f u r t h e r v a l i d a t i o n o f the General Theory i s i t s e x p l a n a t i o n of 
th e p r e c e s s i o n o f the o r b i t o f ths p l a n e t Mercury round the Sun, 
- which cannot be e x p l a i n e d i n terms of c l a s s i c a l mechanics. 

E i n s t e i n ' s achievement i n the General Theory i s t w o f o l d . He 
p r i m a r i l y c l a r i f i e s our concepts of g r a v i t y and the g e n e r a l i s e d 
geometry of spacei; but he a l s o p r o v i d e s a mathematical method of 
exsimining s p a t i a l p r o p e r t i e s by p r o v i d i n g and i n t e r p r e t i n g 
Minkowski's g e n e r a l i s e d c o - o r d i n a t e s under a system of 
t r a n s f o r m a t i o n s u s i n g t e n s o r c a l c u l u s . He thus p r o v i d e s a method 
of t r a n s f o r m i n g t he u n i v e r s a l iavvjs o f phy s i c s t o r e l a t e t o any 
ge n e r a l r e f e r e n c e frame. 

Q/iJisixer„.iiQ._Bj~.L§.iL4.Y.iJ^ 

Before c o n s i d e r i n g Reichenbach's w r i t i n g on R e l a t i v i t y i t i s 
a p p o s i t e t o review C a s s i r e r ' s E i n s t e i n ' s Theory of R e l a t i v i t y 
(ETFO which he p u b l i s h e d i n 1921, and which he regarded as 
supplementary t o h i s e a r l i e r work i n Substance and F u n c t i o n . 
T h i s v i c t u a l l y i s p u b l i s h e d l a t e r than Reichenbach's f i r s t 
p u b l i c a t i o n on R e l a t i v i t y - R e l a t i v i t y and A P r i o r i Knowledge 
(Reichentaach [ 1 9 2 0 ] ) - but t h e argument i s a d i r e c t consequence 
of t he 1910 p u b l i c a t i o n Substance and F u n c t i o n and which 
t h e r e f o r e w i l l have had b e a r i n g on C a s s i r e r ' s i n f l u e n c e as 



teacher of the s t u d e n t Reichenbach. 

C a s s i r e r ' s t h e s i s i n Substance and F u n c t i o n i s t h a t our 
s c i e n t i f i c knowledge i s a c o n s t r u c t of concepts t h a t enable us 
t o come t o terms w i t h e m p i r i c a l r e a l i t y . T r u t h of such concepts 
i s n o t guaranteed by r e f e r e n c e t o an u n d e r l y i n g r e a l i t y , but by 
d e m o n s t r a t i o n of t h e i r r e l e v a n c e and c o n s i s t e n c y i n the use we 
make o f them. These concepts are m o d i f i e d as science develops, 
t h e fundaimental r e q u i r e m e n t being t h a t they conform t o an 
o v e r a l l u n i t y , - t h a t t h e s y n t h e s i s e d system be s e l f - c o n s i s t e n t . 
Thus he m a i n t a i n s t h e l i n k w i t h Kant's t r a n s c e n d e n t a l method, 
but has j e t t i s o n e d Kant's acceptance of unchanging a - p r i o r i 
laws. 

I n ETB. C a s s i r e r r e a f f i r m s these c o n c l u s i o n s and looks a t the 
t r a n s i t i o n r e p r e s e n t e d by t h e replacement of c l a s s i c a l mechanics 
w i t h t h e p r i n c i p l e s of R e l a t i v i t y , C l a s s i c a l mechanics had 
att e m p t e d t o c r e a t e a u n i t y of s c i e n t i f i c knowledge as a 
mechanism s e t agaiinst an a b s o l u t e s p a t i o - t e m p o r a l framework, and 
had stumbled on t h e c o n t r a d i c t i o n r e p r e s e n t e d by the constancy 
of t h e v e l o c i t y of l i g h t when r e l a t e d t o the c l a s s i c a l manner of 
t r e a t i n g r e l a t i v e v e l o c i t i e s . C a s s i r e r sees t h i s c o n t r a d i c t i o n 
a r i s i n g from a misplaced o b j e c t i v e of science i n l o o k i n g f o r 
"mechanism" r a t h e r than " u n i t y " , and "concerning t h i s u n i t y the 
p h y s i c i s t does n o t need t o ask t-^hettiBr i t i s , but merely how i t 
i s ; i„e. what i s the minimum of p r e s u p p o s i t i o n s t h a t are 
necessary and s u f f i c i e n t t o p r o v i d e an e x a c t e x p o s i t i o n o f t h e 
t o t a l i t y of e x p e r i e n c e and i t s s y s t e m a t i c c o n n e c t i o n . " ( C a s s i r e r 
[ 1 9 2 3 ] , 3 7 3 ) . He summarises the e p i s t e m o l o g i c a l v a l u e of the 
T h e o r i e s of R e l a t i v i t y i n a c o n c i s e paragraph -

But t h e path by which alone t h i s t r u e u n i v e r s a l i t y 
o f t h e concept of n a t u r e and of n a t u r a l law, i . e . a 
d e f i n i t e and o b j e c t i v e l y v a l i d d e s c r i p t i o n of 
phenomena independent of the c h o i c e of the system of 
r e f e r e n c e , i s t o be reached, l e a d s , as the t h e o r y 
shows, n e c e s s a r i l y t h r o u g h the " r e l a t i v i s a t i o n " of 
t h e s p a t i a l and temporatl magnitudes, t h a t hold 
w i t h i n t h e i n d i v i d u a l system; t o take these as 
changeable, as t r a n s f o r m a b l e , means t o press t h r o u g h 
t o t h e t r u e i n v a r i a n c e o f the; genuine u n i v e r s a l 
c o n s t a n t s of n a t u r e and u n i v e r s a l laws of n a t u r e . 
The p o s t u l a t e of the constancy of the v e l o c i t y of 
l i g h t and t h e p o s t u l a t e of r e l a t i v i t y show themselves 
thus as t h e two f i x e d p o i n t s of the t h e o r y , as the 
f i x e d i n t e l l e c t u a l p o les around which phenomena 
r e v o l v e ; and i n t h i s i t i s seen t h a t the p r e v i o u s 
l o g i c a l constaints of t h e t h e o r y of n a t u r e , i . e . the 
whole system of c o n c e p t u a l and numerical v a l u e s , 
h i t h e r t o taken as a b s o l u t e l y d e t e r m i n a t e and f i x e d , 
must be s e t i n f l u x i n o r d e r t o s a t i s f y the new and 
more s t r i c t demand f o r u n i t y made by p h y s i c a l thought. 

( C a s s i r e r [ 1 9 2 3 ] , 375) 
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For C a s s i r e r , t h e r e f o r e , EMnstein's Theory presents i t s e l f •=<= -. 
p e r f e c t example of the development of knowledge as a u n i t y i n 
our u n d e r s t a n d i n g and he r e l a t e s t h i s back by q u o t i n g from Kant-

"But i t i s c l e a r , " says Keint, " t h a t we have o n l y t o 
do w i t h t h e m a n i f o l d of our p r e s e n t a t i o n s . , . , . ; the 
u n i t y , which makes the o b j e c t necessary, can be 
n o t h i n g e l s e than the? f o r m a l u n i t y o f consciousness 
i n t h e s y n t h e s i s of the m a n i f o l d of p r e s e n t a t i o n s . 
Thus we say: we know the o b j e c t when i n the m a n i f o l d 
of i n t u i t i o n we ha've produced s y n t h e t i c u n i t y . " 

( C a s s i r e r t l 9 2 3 ] , 380) 

E i n s t e i n i s seen by C a s s i r e r as v i n d i c a t i n g t he Kantian method, 

C;assirer procee?ds t o examine E i n s t e i n ' s two p o s t u l a t e s of the 
S p e c i a l Theory of F i l e l a t i v i t y and d i s t i n g u i s h e s between them. The 
constancy o f t h e v e l o c i t y o f l i g h t i s an e m p i r i c a l f a c t , whereas 
th e p r i n c i p l e ? o f t h e r e l a t i v i t y of equ i v a l e n c e of r e f e r e n c e 
frames f o r f o r m u l a t i n g u n i v e r s a l laws of n a t u r e i s "a general 
maxim f o r t h e i n v e s t i g a t i o n of n a t u r e , which i s t o serve as a 
h t ? u r i s t i c a i d i n the search f o r the gene r a l laws of n a t u r e . " 
(Caxssirer [ 1 9 2 3 ] , '577). He d e s i g n a t e s the f i r s t p o s t u l a t e as 
" m a t e r i a l " and t h e second as " f o r m a l " , and a s s e r t s t h a t i n 
p l a c i n g t he f o r m a l p r i n c i p l e above t h e m a t e r i a l , E i n s t e i n makes 
the e?ssential s t e p t o the? General Theory of R e l a t i v i t y where he 
s u b j e c t s t h e v e l o c i t y o f l i g h t t o the c o n s t r a i n t s of l o c a l 
s p a t i a l geometry. Thus the p o s t u l a t e of r e l a t i v i t y p r o v i d e s 
s c i e n c e w i t h an o b j e c t which i s independent of the observer and 
h i s system of r e f e r e n c e , i t -

a ssures and grounds the e m p i r i c a l r e a l i t y of a l l 
t h a t i s e s t a b l i s h e d by i t as a " f a c t " and i n the 
name of o b j e c t i v e v a l i d i t y . 

( C a s s i r e r [ 1 9 2 3 ] , 393) 

C;assire?r l a t e r goes on t o c o n s i d e r Kant's c o n c e p t i o n o f space 
and t i m e and t h e apparent paradoxes t h a t r e s u l t from h i s 
acceptance of t h e Newtonian me?chanical system w i t h i t s r e f e r e n c e 
t o a b s o l u t e s p a t i a l and temporal c o - o r d i n a t e s , given t h a t f o r 
Kant space? and time were m a n i f o l d s or c o n s t r u c t s t h a t we 
n e c e s s a r i l y impose on the e m p i r i c a l w o r l d and were not 
ind6?pendent and a b s o l u t e e x i s t e n c e s . C a s s i r e r takes pains t o 
remcjs'e t h e pariidoxes by e 5 x a m i n i n g Kant's d o c t r i n e s of space and 
time and be?gins by q u o t i n g from the t h i r t y f o u r year o l d Kant, 
i n f1uen c ed by L e i b n i z , -

I s h o u l d never say a bod-y r e s t s v j i t h o u t adding 
v-gith re?gard t o what i t r e s t s , and never say t h a t 
i t mov6?s w i t h o u t a t the same time naming the o b j e c t 
w i t h regarci tc? which i t changes i t s r e l a t i o n . I f I 
wish t o imagine a l s o a mathematical space f r e e from 
a l l c r e a t u r e s as a r e c e p t a c l e of bodies, t h i s would 
s t i l l n o t h e l p me. For by what should I d i s t i n g u i s h 
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the p a r t s o f the same and the d i f f e r e n t p l a c e s , 
which a r e occupied by n o t h i n g c o r p o r e a l , 

( C a s s i r e r [ 1 9 2 3 ] , 4 1 0 ) 

C a s s i r e r r e g a r d s Kant's apparent acceptance of a b s o l u t e time and 
space, as i n the "Analogies of Experience" w i t h i n the C r i t i q u e 
of Pure Fceason, o r i n h i s s u p p o r t of E u l e r ' s attempted proof of 
the v a l i d i t y o f the a b s o l u t e Newtonian concepts, as "an episode 
i n Kant's e v o l u t i o n " , - ( C a s s i r e r [ 1 9 2 3 ] , 4 1 1 ) . He then proceeds 
t o draw o u t q u o t a t i o n s from Kant i l l u s t r a t i n g t h a t space and 
time are sources o f e m p i r i c a l knowledge srnd have no a b s o l u t e 
r e a l i t y , but a c t as r e f e r e n c e framees f o r sc i e n c e . Kant was f u l l y 
aware t h a t a l l measurement was r e l a t i v e , but t h a t i t was 
necessary f o r us i n o r d e r t o a s s i m i l a t e the measurement t o p o s i t 
i t i n a s p a t i o - t e m p o r a l s e t t i n g . Thus E i n s t y e i n ' s p o s t u l a t e of 
th e e q u i v a l e n c e o f refer£?nce frames f i n d s i t s equivalence i n 
Kant i n t h e s y n t h e t i c u n i t y o f experie n c e grounded i n a s p a t i a l 
and temporal se?tting . TVMO r e f e r e n c e s from Kant are i l l u s t r a t i v e , 
t h e f i r s t C a s s i r e r paxraphrases from t he " I n a u g u r a l D i s s e r t a t i o n " 

The two, space and t i m e , s i g n i f y o n l y a f i x e d 
law of t h e mind, a schema of c o n n e c t i o n by which 
what i s sensuously p e r c e i v e d i s s e t i n c e r t a i n 
r e l a t i o n s o f c o - e x i s t e n c e and sequence. Thus the 
two have, i n s p i t e o f T h e i r " t r a n s c e n d e n t a l 
i d e a l i t y " , " e m p i r i c a l r e a i l i t y " , but t h i s r e a l i t y 
means always o n l y t h e i r v a l i d i t y f o r a l l e x p e r i e n c e , 
which however must n ot be confused w i t h t h e i r 
e x i s t e n c e as i s o l a t e d o b j e c t i v e c o n t e n t s of t h i s 
e x p e r i e n c e i t s e l f . 

( C a s s i r e r [ 1 9 2 3 ] , 4 1 2 ) 

and t he second 
N a t u r a l Science -

i s taken from Metaphysical P'oundations of 

A b s o l u t e spaice i s thus necessaxry not as a concept 
of a r e a l o b j e c t , taut &s an Idea, which should serve 
axs a r u l e f o r c o n s i d e r i n g a i l motions i n i t as 
merely r e l a t i v e , and a l l motion and r e s t must be 
reduced t o t h e a b s o l u t e space, i f the phenomena 
of t h e sijme <are t o be made i n t o a d e f i n i t e concept 
of e x p e r i e n c e t h a t u n i f i e s phenomenal. 

( C a s s i r e r [ 1 9 2 3 ] , 4 1 6 ) 

T h i s second q u o t a t i o n from Kant i d e n t i f i e s 
d i f f i c u l t y i n h e r e n t i n a sci e n c e which acce 
temporal r e l a t i v i t y , E i n s t e i n , w i t h h i s 
e q u i v a l e n c e , e f f e c t i v e l y says t h a t a f a c t o r 
o b j e c t i v e l y s i g n i f i c a x n t i f , i n p o s t u l a t i n g i t 
chosen schema of r e f e r e n c e , I am a l s o a b l e 
r e l a t i v e t o a\ny o t h e r p o s s i b l e r e f e r e n c e 
q u o t a t i o n i d e ^ n t i f i e s t h i s p o i n t i n t h a t , r 
knowledge i s gaained agaxinst a s p e c i f i c s p a t i a l 
we need t h e i d e a of an a b s o l u t e space t o ma>.ke 

a conceptual 
p t s s p a t i a l and 

p o s t u l a t e of 
a law i s o n l y 
r e l a t i v e t o a 

t o i n t e r p r e t i t 
schema. Kant's 

e c o g n i s i n g t h a t 
r e f e r e n c e frame, 

i t general and 

5 6 



p r c j p e r l y o b j e c t i v e . Wheire?as Kan-fs c o n c l u s i o n , however, leave<:-
us w i t h a c o n c e p t u a l d i f f i c u l t y i n somehow en v i s a g i n g an 
a b s o l u t e s p a t i a l fraimework t o encompass a l l p o s s i b l e r e l a t i v e 
referesnce frames, E l i n s t e i n ' s s o l u t i o n i s c l e a r and unambiguous 
i n p r o v i d i n g o n l y t r a n s f o r m a t i o n formulae between frames. 

Caxssiresr compliments t h e Theory of h ; e l a t i v i t y on t h i s p o i n t -
I t i s t h e m e r i t o f the t h e o r y of r e l a t i v i t y n o t 
o n l y t o hawe proved t h i s ( t h e u n i t y of e m p i r i c a l 
knowledge) i n a new wa-/ but a l s o t o have e s t a b l i s h e d 
a p r i n c i p l e , i . e . t he p r i n c i p l e of the c o - v a r i a n c y 
of t he u n i v e r s a l laws of n a t u r e w i t h regard t o a l l 
a r b i t r a r y s u b s t i t u t i o n s , by which thought can master, 
o u t o f i t s e l f , t h e r e ? l a t i - v i t y which i t c a l l s f o r t h . 

( C a s s i r e r [19233, 421) 

C ' S s s i r e r has th e r e b y d e p i c t e d the Theeory of R e l a t i v i t y as a 
f u l f i l l m e n t o f neo-Kantianism, Having p r e v i o u s l y removed the 
l o g i c a l n e c e s s i t y o f Kant's a - p r i o r i p r i n c i p l e s , and rep l a c e d 
them w i t h re?viseable c o n s t i t u t i ' v e p r i n c i p l e s , C a s s i r e r i s able 
t o r e c o n c i l e Kant's s y n t h e s i s o f space and time? w i t h E i n s t e i n ' s 
t h e o r y , Fx'c?icheribach' s Kantiaxn mentor was thereby enabled t o 
m a i n t a i n h i s p h i l o s o p h i c a l p o s i t i o n afte?r t he Theory of 
F l e l a t i v i t ' y , I t i s now atpposite t o examine Reichenbach' s 
response. 
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uhapter 4 

REICHENBACH, RELATIVITY, AND KANT 

I t i s a p p r o p r i a t e t o begin a c o n s i d e r a t i o n of Reichentaach's work 
w i t h h i s e a r l y w r i t i n g on R e i a t i - v i t y , because a l t h o u g h h i s most 
enciuring f a i s c i n a t i o n was w i t h t h e a p p l i c a t i o n of p r o b a b i l i t y t o 
knowledge and caxusal s t r u c t u r e , h i s f i r s t major c o n t r i b u t i o n s t o 
Ph i l o s o p h y concerned Re 1 i i t i v i t y . E l i n s t e i n ' s l e c t u r e s i n B e r l i n 
i n 1919, which Reichenbach a t t e n d e d , p r o v i d e d a major shock t o 
the? K a n t i a n p h i l o s o p h y which unde?rpinned the young Reichenbach' s 
a p p r e c i a t i o n o f s c i e n c e . Given, however, t h a t Caissirer had been 
F̂ s i Chen bach' s te?acher o f Kantiainism, i t should perhaps have been 
expected thaxt E i i n s t e i n c o u l d haive been i n t e r p r e t e d as f u l f i l l i n g 
the? legacy cjf Kant th r o u g h C a s s i r e r , given f o r example 
C a s s i r e r ' s o b s e j r v a t i o n i n 1910 i n Substance and F u n c t i o n 

i t [ t h e Geometry of p h y s i c a l Space] can be sought 
o n 1 -y i n o b s e r 'v 3. t i o n 

( C a s s i r e r [ 1 9 2 3 ] , 106) 

Reichenbach w r o t e t h r e e tac?oks s p e c i f i c a l l y an the s u b j e c t of 
Rf? 1 a t i v i t -y , - "[he Theor-y o f R e l a t i v i t - y and A P r i o r i Knowledge 
( RAK ) pu 131 i s hed i n 1920, A x i o m a t i s a t i o n o f the Theory of 
Rel a t i y i t - y ( A T R ) p u ta 1 i s h e d i n 1924 5 a n d The Philosophy of Space 
^r i i i - J L i S i l . (F'S'T) p u b l i s h e d i n 192S. The? f i r s t and t h i r d of these 
are? examined here. F<AK r e p r e s e n t s Reichenbach' s review of Kant's 
c r i t i c a l p h i l o s o p h y aigainst the r a d i c a l i n t r o d u c t i o n of 
R e l a t i v i t - y i n t o P h y s i c s , and PS_T i s a more d e t a i l e d a n a l y s i s of 
R e l a t i v i t y i n terms o f i t s i m p l i c a t i o n s f o r p h i l o s o p h i c a l 
u n d e r s t a n d i n g C3f spaice and timee. 

The Th£?Qry of R£?lativity and A P r i o r i Knowledge (RAK) [1920] 

In h i s IntrcDduction t o RAK Reichenbach begins -

E i n s t e i n ' s t h e o r y o f r e l a t i v i t y hais g r e a t l y a f f e c t e d 
the funda^mental p r i n c i p l e s o f epistemo 1 ogy. 

(Reichenbach [ 1 9 6 5 ] , 1) 

He i s p r i m a x r i l y concerned w i t h t h e work o f Kant and proceeds t o 
i l l u s t r a t e two p o i n t s B.t which R e l a t i v i t y c o n t r a d i c t s t h i s -

I t [ r e l a t i v i t y ] d e p r i v e d time o f i t s chairacter as 
a\n i r r e v e r s i b l e process a.nd a s s e r t e d t h a t events 
e x i s t whose temporal succession maiy be assumed i n 
the? oppcDsitc-? d i r e c t i o n . 'This i n t e r p r e t a t i o n 
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c o n t r a d i c t s t h e concept of time held by Kant. 
(Reichenbach [ 1 9 6 5 ] , 2) 

aind 
T h i s t h e o r y asser t s , . . thaxt t h e theorems of Euclidean 
geometry do not ap p l y t o our p h y s i c a l space. ...Kant's 
tr a n s c e n d e n t a i l a e s t h e t i c s s t a i r t s from the s e l f - e v i d e n t 
v a l i d i t y o f the Euclideian atxioms. 

(Reichenbach [ 1 9 6 5 ] , 4) 

The f i r s t of these c r i t i c i s m s a r i s e s from E i n s t e i n ' s c o n c l u s i o n 
i n t h e S p e c i a l Theory of F ^ e l a t i v i t y t h a t temporal o r d e r can o n l y 
be d e f i n e d i n r e l a i t i o n t o a p a r t i c u l a r r e f e r e n c e frame. Thus, 
ailthough event "A" may precede event "B" i n one r e f e r e n c e fratme, 
i t may n o t n e c a s s a i r i l y precede i t when measured a g a i n s t a second 
reference frame which moves r e l a t i v e l y t o the f i r s t r e f e r e n c e 
fraxme. Kant's r e a s o n i n g i n the C r i t i q u e of Pure Reason can be 
i n t e r p r e t e d as r e l a t i n g t o a Newtoniaxn r e f e r e n c e framework of 
a b s o l u t e temporal c o o r d i n a t e s , agaiinst which t h e r e i s a unique 
temporail sequence of e v e n t s . C a s s i r e r was t o r e c o n c i l e t h i s 
a pparent c o n t r a d i c t i o n by i l l u s t r a t i n g t h a t Kant's concept of 
temporal o r d e r i n g c o u l d be r e c o n c i l e d w i t h t he p r i n c i p l e of 
r e l a t i v i t y , and t h a t , a l t h o u g h i n the C r i t i q u e of Pure r<eason 
Kamt appeairs t o use Newtonian concepts of time and space, he had 
elsewhere r e c o g n i s e d t h a t these m a n i f o l d s were n o t a b s o l u t e 
r e a l i t i e s but sources of e m p i r i c a i l knowledge f o r which 
measurement wais r e l a t i v e . 

The second c r i t i c i s m o f Kamt by F<eic hen bach, r e f e r s t o Kant's 
u n q u e s t i o n i n g acceptance t h a t E u c l i d e a n geometry n e c e s s a r i l y 
a p p l i e d t o t h e e m p i r i c a l w o r l d , Non-Euclidean geometries, w i t h 
which Reichentaach was t h o r o u g h l y c o n v e r s a n t , had not been 
developed when Kant vjas w r i t i n g . Given Kant's acceptance of 
E u c l i d e a n geometry, however, i t i s i l l u s t r a t i v e t o r e f l e c t on 
Kant's view of i t s e m p i r i c a l r e l e v a n c e . Space, f o r Kant, 
expresses t h e o r d e r we impose on o b j e c t s , and i t s geometry i s am 
imposed t r a n s c e n d e n t a l i d e a l form, Kant would not go f u r t h e r 
than t h i s t o c l a i m a pre-determined e m p i r i c a l r e s u l t of the 
outcome of making p h y s i c a l meaxsurements w i t h r u l e r s or 
t h e o d o l i t e s ; he would leave open the p o s s i b i l i t y t h a t i n some 
environments r u l e r s may behave as i f t h e y ' r e bent or 
f o r e s h o r t e n e d , or t h a t l i g h t r a ys may appear t o be d e f l e c t e d . 
Kant sees geometry i n i t s method of c o n s t r u c t i n g r e l a t i o n s h i p s 
i n t h e e m p i r i c a l w o r l d , but he would n o t claiim t h a t i t g i v e s 
e m p i r i c a l knowledge of o b j e c t s , Buchdahl sees Kant's use of 
geometry as a procedure 

A l l t h a t i s perhaps a c c e p t a b l e i n Kant's argument 
i s i t s p r o c e d u r a l sipproachs we have t o feed some 
geometry or o t h e r i n t o our t r e a t m e n t of p h y s i c a l 
phenomena, b e f o r e we can even begin t o reason 
g e o m e t r i c a l l y o r p h y s i c a l l y axbout them, ,,, Geometrical 
systems are n o t d e r i v e d from e x p e r i e n c e . They are 
presupposed i n o r d e r t o c a r r y o u t e m p i r i c a l 
i n v e s t i g a t i o n s . On the o t h e r hand, i f these 
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in - v 6?stigations become too cumbersome or complex, 
i t i s p e r f e c t l y p o s s i b l e t o replaice one geometry 
by a n o t h e r . 

(Buchdahl [ 1 9 6 9 ] , 610) 

The G6?nerail Theory of R e l a t i v i t y de?monstrates t h a t i t i s s i m p l e r 
ait t h e cosmic l e v e l t o work w i t h non-Euclidean geometry? i n 
a t t e m p t i n g t o use Euclidc-?an ge?ometry we? a r e o b l i g e d t o i n t r o d u c e 
new s u p p o s i t i o n s i n t o our laws of e m p i r i c a l behaviour. 
Reichenbach's c l a i m t h a t E u c l i d ' s axioms "do not apply" makes 
the case a b i t t o o f o r c i b l y , but t h e r e i s a v a l i d c r i t i c i s m of 
the Ka'tntian syste?m t o make, i n t h a t Kant's arguments 
D c c a i s i o n a i l y lean t o o h e a v i l y on t h e accepted s c i e n t i f i c reason 
of h i s a^ge, Reichenbach generates a mcDre thorough d i s c u s s i o n o f 
s p a t i a i l geometry i n The Philosophy of Space? and Time, 

Reichenbach thereupon c j u t l i n e s h i s approach t o h i s a n a l y s i s 

F i r s t , we s h a l l e s t a b l i s h t h e c o n t r a d i c t i o n s e x i s t i n g 
between the t h e o r y o f r e l a t i v i t y and c r i t i c a l 
p h i l o s o p h y and i n d i c a t e t h e assumptions and e m p i r i c a l 
d a ta t h a t the t h e o r y of r e l a t i v i t y adduces f o r i t s 

.„ we s h a l l i n v e s t i g a t e what assumptions 
i n Kant's the?ory of knowledge. ... we 
i n what sense Kant's t h e o r y has been 
;perience. F i n a l l y , we s h a l l modify the 
p r i o r i i n such a way t h a t i t w i l l no 

lo n g e r c o n t r a d i c t the? t h e o r y o f r e l a t i v i t y . . , , . , 
The method oi t h i s i n v e s t i g a t i o n i s c a l l e d t he method 
of l o g i c a l a n a l y s i s . 

(Reichenbach [ 1 9 6 5 ] , 5) 

a s s e r t i o n s , , 
c i r e i n h e r e n t 
shall 1 d e c i de 
r e f u t e d by e> 
concept of a 

The? o b j e c t i v e c?f the? e x e r c i s e i s a r e c o n c i 1 i a ^ t i o n of R e l a t i v i t y 
w i t h Kant t h r o u g h a m o d i f i c a t i o n o f t h e concept of a - p r i o r i . 

Reichenbach, d u r i n g t h i s a n a l y s i s , i n t r o d u c e s t h r e e d e f i n i t i o n s 
c?f a - p r i o r i t h a t permeate Kant's work -

what the forms cDf ... the concept of knowledge 
r e q u i r e as s e l f - e v i d e n t . 

(Reichenbach [ 1 9 6 5 ] , 6) 

"nec€?ssari l y t r u e " o r "true? f o r a l l tim€?s" 
(Reichenbach [ 1 9 6 5 ] , 48) 

" c o n s t i t u t i n g t h e concept C3f o b j e c t . " 
(Reichenbach [ 1 9 6 5 ] , 48) 

F̂ e i Chen bach ' s a n a l y s i s i s concerned p r i m a r i l y w i t h e l u c i d a t i n g 
thes i m p l i c a t i o n s of the t h i r d d e f i n i t i o n , and then assessing 
these aigainst t h e second d e f i n i t i o n . The f i r s t d e f i n i t i o n i s 
di5misse?d as inadequate i n t h a t , f c 3 r example, Kant's premiss of 
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the s e l f - e v i d e n t a p p l i c a b i l i t y of Euclidean geometry t o the 
m e t r i c of p h y s i c a l space has been rendered i n v a l i d by the Theory 
of R e l a t i v i t y atnd the meaisureaible p h y s i c a l consequences of i t s 
interpretation„ 

At r o o t of Reichenbaxch' s d i s c u s s i o n i s h i s agreement w i t h Kant 
on t h e SQx.irce of e m p i r i c a l knowledge -

I t was Kant's g r e a t d i s c o v e r y t h a t the o b j e c t of 
knowledge i s n o t immediaite 1 y given but c o n s t r u c t e d , 
and t h a t i t c o n t a i n s c o n c e p t u a l [ a - p r i o r i ] elements 
n o t c o n t a i n e d i n pure p e r c e p t i o n , 

(Reichenbach [ 1 9 6 5 ] , 49) 

I t i s the n a t u r e of these "conceptua^l elements" and t h e i r 
aippl i c a i t i o n which i s F<eichenbaxch' s concern, g i v e n t h a t Kant's 
a n a l y s i s i s now found t o be a t v a r i a n c e w i t h a demonstrable 
t h e o r y of p h y s i c s . As an engineer he re-sorts t o the mathematical 
t o o l s of h i s t r a d e , and he o f f e r s g e n t l e c r i t i c i s m of the 
"metaxphor i c a l " na^ture of Kant's c o n s t r u c t i o n of c a t e g o r i e s -

Kant's c o n c e p t u a l c o n s t r u c t i o n s belong t o an era^ 
d i s t i n g u i s h e d more by greimmatical than by 
mathema.t.ica 1 prec i s i o n 

(Reichenbach [ 1 9 6 5 ] , 50) 

Reichenbach s e t s o u t the dichotomy between the t r u t h of 
mathematical p r o p o s i t i o n s and t h e t r u t h of p r o p o s i t i o n s r e l a t i n g 
t o t h e p h y s i c a l w o r l d , Whereaxs mathematics c o m p l e t e l y d e f i n e s 
i t s o b j e c t s and r u l e s of c o n n e c t i o n t o generaite necessary 
consequences a s t r u t h s - "they merely r e p r e s e n t new combinations 
of known concepts a c c o r d i n g t o known r u l e s " (Reichenbach [ 1 9 6 5 ] , 
36) -, the p h y s i c a l o b j e c t cannot be f u l l y determined i n a 
s i m i l a r a - p r i o r i manner -

I t i s a t h i n g of the r e a l w o r l d , not an o b j e c t 
of t h e l o g i c a l w o r l d of mathematics, 

(Reichenbach [ 1 9 6 5 ] , 36) 

The r e l a t i o n s h i p s t h a t are e s t a b l i s h e d between p h y s i c a l o b j e c t s 
and expressed i n maithemajtica 1 terms are not l o g i c a l t r u t h s i n 
t h e maxnner of the t r u t h s of mathematics, but should be conceived 
axs " c o - o r d i n a t i o n s " . Reichenbaxch g i v e s an i l l u s t r a t i o n of t h i s 
i n c o n s i d e r i n g t h e s i g n i f i c a n c e of the r e l a t i o n s h i p denoted by 
Boyle's Laxw P,'v'=R,T , T h i s e x p r e s s i o n e f f e c t i v e l y " c o - o r d i n a t e s " 
p e r c e p t i o n s and measurem63nts we ca^n make thro u g h the mediation 
of our senses. For example, t h e concept expressed by "P", which 
denotes the measured pressure of gais, r e l a t e s c e r t a i i n d i r e c t 
p e r c e p t i o n s of t h e gas "such as the f e e l i n g of a i r on the s k i n " 
v-jith i n d i r e c t p e r c e p t i o n s of the gas "such as the p o s i t i o n of a 
p o i n t e r of a manometer", (Fileic hen bach [ 1 9 6 5 ] , 3 7 ) , 

To e l u c i d a t e t h e n a t u r e of the c o - o r d i n a t i o n that a p p l i e s t o 
physicaxl c o n c e p t s , Reichenbach plunges back i n t o images 
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e x t r a c t e d f r o m m a t h e m a t i c s a n d e K a m i n e s t h e c o - o r d i n a t i o n 
b e t w e e n e l e m e n t s o f m a t h e m a t i c a l l y d e f i n e d s e t s . I t i s p o s s i b l e 
i n m a t h e m a t i c s t o e s t a b l i s h c o r r e s p o n d e n c e s b e t w e e n d e f i n e d a n d 
d e n u m e r a t a l e s e t s , a n d R e i c h e n b a c h i l l u s t r a t e s by c o o r d i n a t i n g 
f r o m t h e s e t o f r a t i o n a l f r a c t i o n s t o p o i n t s o r i n t e r v a l s on a 
s t r a i i g h t l i n e . S u c h c o o r d i n a t i o n s a r e p o s s i b l e i n m a t h e m a t i c s 
a n d c a n be u n i q u e l y d e f i n e d , b u t , R e i c h e n b a c h makes c l e a r , i n 
m a t h e m a x t i c s t h e c o n c e p t s we a r e c o o r d i n a t i n g a r e a l l c l e a r l y 
d e f i n e d a n d o r d e r t e d , He e m p h a s i s e s t h e d i f f e r e n c e , h o w e v e r , 
b e t w e e n s u c h a c o o r d i n a t i o n b e t w e e n m a t h e m a t i c a l s e t s a n d t h e 
c o o r d i n a t i o n o f s c i e n t i f i c c o n c e p t s t o t h e e m p i r i c a l w o r l d , i n 
t h a t w h e r e a s i n m a t h e m a t i c s t h e e l e m e n t s o f e a c h s e t a r e 
c o m p l e t e l y d e f i n e d , when e n c o u n t e r i n g t h e " r e a l " t h e r e i s n o 
d e f i n i t i o n o f t h e e l e m e n t s o f t h e e m p i r i c a l w o r l d o t h e r t h a n i n 
t h e c o n c e p t a 1 c o - o r d i n a t i o n . 

T h u s we a r e f a c e d w i t h t h e s t r a n g e f a c t t h a t i n 
t h e r e a l m o f c o g n i t i o n t w o s e t s a r e c o - o r d i n a t e d , 
one? o f w h i c h n o t o n l y a t t a i n s i t s o r d e r t h r o u g h t h i s 
c o - o r d i n a t i o n , taut w h o s e e l e m e n t s a r e d e f i n e d by 
means o f this ca—ordirmtion. 

( R e i c h e n b a c h [ 1 9 6 5 ] , 4 0 ) 

T h e p r o b l e m t h a t t h e n a r i s e s i s i n d e c i d i n g w h e t h e r a p a r t i c u l a r 
c o - o r d i n a t i o n i s c o r r e c t , b e c a u s e s u c h a s y s t e m c a n n o t be 
u n i q u e . F'-'or e x a m p l e , how c a n we d e c i d e v i h i c h s y s t e m o f 
g e o m e t r i c a l a i x i o m s t o c o - o r d i n a t e w i t h t h e p r o p e r t i e s o f 
p h y s i c a l s p a c e ? R e i c h o s n b a c h i s e f f e c t i v e l y e m b a r k i n g on an 
a n a l y s i s o f P o i n c a r e ' s C o n v e n t i o n a l i s m . H e n r i P o i n c a r e , t h e 
F r e n c h m a t h e m a t i c i a n a n d p h i l o s o p h e r , w r i t i n g a t t h e e n d o f t h e 
N i n t e e n t h C e n t u r y , h a d a c c e p t e d t h e K a n t i a n c o n c e p t t h a t 
k n o w l e d g e i s f o r m e d f r o m e x p e r i e n c e t h r o u g h a p p l i c a t i o n o f 
r u l e s ; b u t h a d a r g u e d a g a i n s t K a n t ' s a ~ p r i o r i n e c e s s i t y f o r 
s p e c i f i c r u l e s , a n d h a d d e c r e e d t h a t t h e s e w e r e cor? v e r / t i o n s . 

R e i c h e n b a c h d o e s n o t r e f e r t o C a s s i r e r ' s w o r k i n t h i s a n a l y s i s , 
b u t h i s a r g u m e n t f o l l o w s t h a t d e v e l o p e d i n S u b s t a n c e a n d 
F u n c t i o n t o w a r d s C a s s i r e r ' s c o n c l u s i o n t h a t 

We c a l l a p r o p o s i t i o n " t r u e " , . . C i f i t i s c o n s i s t e n t 
w i t h ] . . t h e t e n d e n c y t o w a r d s p r o g r e s s i v e 
u n i f i c a t i o n [ o f k n o w l e d g e ] . 

( C a s s i r e r [ 1 9 2 3 ] , 3 1 8 ) 

R e i c h e n b a c h ' s a p p r o v a l o f a " c o r r e c t " c o - o r d i n a t i o n i s s u b j e c t 
t o " t h e f a c t t h a t i t i s c o n s i s t e n t " ( R e i c h e n b a c h [ 1 9 6 5 ] , 4 3 ) . 
A p p l i c a t i o n o f c o - o r d i n a t i o n t o o b j e c t s m u s t t h e r e f o r e be 
s y s t e m a t i c , i n t h e s e n s e t h a t i t m u s t n o t c o n t a i n i m p l i c i t 
c o n t r a d i c t i o n s . I t m u s t t h e r e f o r e be r e q u l a t t e d by c o - o r d i n a t i n g , 
o r c o n s t i t u t i v e , p r i n c i p l e s . W h e r e a s K a n t , h o w e v e r , had l o o k e d 
t o t h e s y s t e m o f A r i s t o t e l e a n l o g i c t o p r o v i d e a s e 1 f - c o n s i s t e n t 
s e t o f p r i n c i p l e s , F ; e i c h e n b a c h i s c l a i m i n g t h a t t h e p r i n c i p l e s 
a r e r e f i n e d by e x p e r i e n c e i n t h e i r a p p l i c a t i o n t h r o u g h s p e c i f i c 
c o - o r d i n a t i o n s t o p r o v i d e e m p i r i c a i l m e a s u r e m e n t . T h u s t h e s y s t e m 



o f c o - c 7 r d i n a t i o n t h a t i s e m p l o y e d m u s t c o n s i s t e n t l y p r o d u c e 
p r e d i c t i o n s t h a t a r e i n agre?ement w i t h s c i e n t i f i c o b s e r v a t i o n 
a n d m e a s u r e m e n t . D i s a g r e e m e n t i m p l i e s t h a t c o r r e c t i o n i s 
n e c e s s a r y t o t h e c o - o r d i n a t i o n o r t h e c o n s t i t u t i v e p r i n c i p l e s o f 
c o - o r d i n a t i o n . A t h e o r y i s t r u e " w h i c h c o n t i n u o u s l y l e a d s t o 
c o n s i s t e n t c o - o r d i n a t i o n s " ( F : e i c h e n b a c h [ 1 9 6 5 ] , 4 3 ) . He a p p r o v e s 
o f S c h l i c k who d e f i n e s " t r u t h i n t e r m s o f u n i q u e c o - o r d i n a t i o n " . 
R e i c h e n b a c h ' s s t a t e m e n t o f w h a t i s e m p i r i c a l l y r e q u i r e d i s t h u s -

UniquBness o f a c o g n i t i v e c o - o r d i n a t i o n means 
t h a t a p h y s i c a l v a r i a b l e o f s t a t e i s r e p r e s e n t e d 
by t h e same v a i u e r e s u l t i n g f r o m differfBnt 
(=mp i r i c a I data. 

( R e i c h e n b a c h [ 1 9 6 5 ] , 4 5 ) 

He i s e f f e c t i v e l y m a k i n g t h e same c l a i m on k n o w l e d g e t h a t 
C a s s i r e r h a d d o n e ? t h a t c o n c l u s i o n s s h o u l d n o t be c o n t r a d i c t o r y . 
F o r e x a m p l e , i f G e n e r a l R e l a t i v i t y t h e o r y s u g g e s t s a p a r t i c u l a r 
s o l a r d e f l e c t i o n o f l i g h t , t h e n a l l m e t h o d s o f d e t e r m i n i n g t h i s 
s h o u l d a r r i v e a t t h i s r e s u l t i f o u r s y s t e m o f c o o r d i n a t i o n i s 
u n i q u e . 

He t h e r e f o r e r e c a s t s K a n t ' s s e a r c h f o r t h e p r i n c i p l e s by w h i c h 
t o e s t a b l i s h s y n t h e t i c a - p r i o r i j u d g m e n t s , w i t h t h e q u e s t i o n -

By means o f w h i c h p r i n c i p l e s w i l l a c o - o r d i n a t i o n 
o f e q u a t i o n s t o p h y s i c a l r e a l i t y become u n i q u e ? 

( R e i c h e n b a c h [ 1 9 6 5 ] , 4 7 ) 

R e i c h e n b a c h t a k e s c a r e t o e m p h a s i s e t h e d i s t i n c t i o n b e t w e e n t h e 
" r e a l " a n d o u r e x p e r i e n c e o f i t , b e c a u s e i t i s o n l y t h r o u g h 
e x p e r i e n c e t h a t i t c a n be k n o w n . 

A l l a t t e m p t s t o d e s c r i b e i t r e m a i n a n a l o g i e s o r t h e y 
c h a r a c t e r i s e t h e i o g i c a i . s t r u c t u r e o f t h e e x p e r i e n c e . 

( R e i c h e n b a c h [ 1 9 6 5 ] , 5 0 ) 

I t i s m e a n i n g l e s s t o l o o k f o r p r i n c i p l e s o r d e r i n g t h e " r e a l " , 
t h e r e a r e " o n l y p r i n c i p l e s r e f e r r i n g t o t h e c o n c e p t u a l s i d e o f 
t h e c o - o r d i n a t i o n " ( R e i c h e n b a c h i : i 9 i 5 ] , 5 2 ) . 

K a n t h a d r e c o g n i s e d t h i s d i s t i n c t i o n b e t w e e n t h e f o r m a n d 
c o n t e n t o f k n o w l e d g e a n d s e t o u t t o l o o k f o r t h e o r d e r i n g 
p r i n c i p l e s i n mathem£\tics a n d A r i s t o t e l e a n l o g i c . R e i c h e n b a c h 
now c h a l l e n g e s h i m i n t h i s a p p r o a c h , s i n c e t h e r e i s n o n e c e s s i t y 
t h a t a l o g i c a l l y c o n s i s t e n t c o n c e p t u a l b a s i s w i l l c o - o r d i n a t e 
u n i q u e l y w i t h t h e " r e a l " . R e i c h e n b a c h ' s m e t h o d o f l o g i c a l 
a n a l y s i s t h e r e f o r e i s t o i n v e s t i q a i t e knotnledge i t s e l f t o d e t e c t 
t h e a x i o m a t i c c o n c e p t u a l p r i n c i p l e s , r a t h e r t h a n t o i n v e s t i g a t e 
o n l y r e a s c n w h i c h i s u n s u l l i e d b y t h e c h a l l e n g e o f p h y s i c a l 
e x p e r i e n c e . 

T h i s d e p a r t u r e f r o m K a n t ' s j u s t i f i c a t i o n o f m e t h o d i s a d e c i s i v e 
b r e a k , a n d r e p r e s e n t s a n a s s e r t i o n o f an e m p i r i c a l a p p r o a c h , a s 
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o p p o s e d t o K a n t ' s t r a n s c e n d e n t a l l o g i c . H a v i n g a c c e p t e d t h e 
K a n t i a n p r e m i s s t h a t e m p i r i c a l e x p e r i e n c e m u s t be f o r m e d t h r o u g h 
a c o n c e p t u a l s c h e m a , R e i c h e n b a c h i s n o t p r e p a r e d t o a c c e p t t h e 
a d d i t i o n a l p r e m i s s t h a t t h i s s c h e m a s h o u l d c o n f o r m t o s p e c i f i c 
r u l e s o f r e a s o n . R e s i c h e n b a c h ' s s o u r c e o f t h e s e r u l e s i s t o be 
e m p i r i c a l k n o w l e d g e i t s e l f . T h e p r i n c i p l e s o f c o - o r d i n a t i o n t h a t 
h e s e e k s a r e t o p r o v i d e t h e c o n t e x t u a l s e t t i n g f o r e m p i r i c a l 
c o n c e p t s , e f f e c t i v e l y d e t e r m i n i n g s p a t i a l a n d t e m p o r a l o r d e r i n g 
a n d r u l e s o f c o n n e c t i o n . T h e s e a r e t h e r u l e s a p p l y i n g t o K a n t ' s 
s p a c e o f " o u t e r i n t u i t i o n " , e x c e p t i n g t h a t w h e r e a s K a n t 
a t t e m p t e d t o j u s t i f y the-jse f r o m a p p e a l s t o r e a s o n a n d 
s e l f - e v i d e n c e , R e i c h e n b a c h ' s l o g i c a l a n a l y s i s d emands t h a t t h e 
p r i n c i p l e s be s o u g h t o n l y w i t h i n s c i e n t i f i c k n o w l e d g e i t s e l f . 
K a n t , h i m s e l f , o f c o u r s e e f f e c t i v e l y e m p l o y e d t h e same m e t h o d , 
a n d e s t a b l i s h e d a n e p i s t e m o l o g i c a l j u s t i f i c a t i o n f o r N e w t o n i a n 
p h y s i c s , b u t t h e e x p o s u r e o f t h e s h o r t c o m i n g s o f N e w t o n ' s s y s t e m 
by t h e T h e o r y o f F ^ e l a t i v i t y a l s o e x p o s e s K a n t ' s j u s t i f i c a t i o n o f 
t h e a - p r i o r i p r i n c i p l e s t h a t h i s a n a l y s i s r e v e a l s . 

f " < e i c h e n b a c h t h u s c l a r i f i e s t h a t he i s s e a r c h i n g f o r t h e 
a x i o m a t i c s t r u c t u r e o f c o n t e m p j o r a r y p h y s i c s . The p r i n c i p l e s 
w h i c h he i s a t t e m p t i n g t o e l u c i d a t e a r e f o r e x a m p l e g e n i d e n t i t y 
- " t h e same t h i n g r e m s t i n i n g i d e n t i c a l w i t h i t s e l f i n t i m e " , a n d 
t i m e a n d s p a c e , - w i t h t h e r e q u i r e m e n t " t h a t f o u r n u m b e r s a r e 
n e c e s s a r y t o d e f i n e a s i n g l e p o i n t " ( R e i c h e n b a c h [ 1 9 6 5 ] , 5 3 ) . 

He i s t h e r e b y e x p l o r i n g t h e t h i r d d e f i n i t i o n h e g i v e s o f 
a - p r i o r i , t h a t i s o f t h o s e c o n c e p t u a l e l e m e n t s t h a t a r e b r o u g h t 
t o e m p i r i c a l e x p e r i e n c e . R e i c h e n b a c h p r o c e e d s t o r e v i e w t h i s 
a g a i n s t t h e s e c o n d d e f i n i t i o n o f b e i n g " n e c e s s a r i l y t r u e " o r 
" t r u e f o r a l l t i m e " . H a v i n g s h o w n t h e w e a k n e s s e s o f t h e 
p r e s u m p t i o n o f K a n t t h a t the? p r i n c i p l e s o f human r e a s o n a r e 
a b s o l u t e l y n c - j c e s s a r y a n d t h u s i n v i o l a t e , R e i c h e n b a c h d r a w s 
a t t e n t i o n t o t h e c o n c l u s i o n o f h i s own a n a l y s i s t h a t w h a t i s 
r e q u i r e d i s a unique c o - o r d i n a t i o n w i t h p h y s i c a l r e a l i t y . The 
" r e a l " i s q u i t e i n d e p e n d e n t o f r e a s o n , a n d t h e r e f o r e t h e 
p r e s u m p t i o n t h a t a p a r t i c u l a r s e t o f l o g i c a l l y c o n s i s t e n t 
p r i n c i p l e s s h o u l d n e c e s s a r i l y p r o v i d e a u n i q u e c o - o r d i n a t i o n 
w i t h r e a l i t y i m p l i e s e f f e c t i v e l y t h a t a n y s e l f - c o n s i s t e n t s e t o f 
p r i n c i p l e s w o u l d a l s o p r o v i d e a u n i q u e c o - o r d i n a t i o n . The 
i m p l i c a t i o n i s t h a t K a n t ' s t h e o r y c o n t a i n s t h e h y p o t h e s i s " t h a t 
a n y a r b i t r a r y , e x p l i c i t l y c o n s i s t e n t s y s t e m o f c o - o r d i n a t i n g 
p r i n c i p l e s c a n a r r i v e a t a u n i q u e c o - o r d i n a t i o n o f e q u a t i o n s t o 
r e a l i t y " ( R e i c h e n b a c h [ 1 9 6 5 ] , 6 0 ) . R e i c h e n b a c h t h e r e f o r e l o o k s 
t o t h e T h e o r y o f R e l a t i v i t y t o i d e n t i f y i f t h i s c a n be t h e 
c a s e . 

T h e T h e o r i e s o f R e l a t i v i t y c l e a r l y r e f u t e t h e g e n e r a l 
a p p l i c a b i l i t y o f E u c l i d e a n g e o m e t r y t o t h e p r o p e r t i e s o f 
p h y s i c a l s p a c e . T h u s , a p a r t i c u l a r s e l f - c o n s i s t e n t s y s t e m o f 
p r i n c i p l e s c a n n o t be a p p l i e d t o c o - o r d i n a t e w i t h t h e g e o m e t r y 
o f s p a c e , i n d i c a t i n g t h a t t h i s i m p l i e d h y p o t h e s i s o f K a n t i s 
i n v a l i d . R e ^ i c h e n b a c h t h e r e f o r e makes t h e c l a i m -
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K a n t ' s p r o o f i s , t h e r e f o r e , f a l s e . . . . . „ , . . 
.. T h e r e e x i s t s y s t e m s o f c o - o r d i n a t i n g principles 
h-hic:h msikG the> uniquisness of the c o - o r d i n a t i o n 
impossible^ that is, there- exist impl icitly 
ineons is tent systerns• 

( R e i c h e n b a c h [ 1 9 6 5 ] , 6 7 ) 

R e i c h e n b a c h g o e s f u r t h e r t h a n t h i s , i n t h a t he a c k n o w l e d g e s t h a t 
t h e S p e c i a t i T h e o r y o f R e l a t i v i t y p r o v i d e s a s y s t e m o f p r i n c i p l e s 
o f c o - o r d i n a t t i o n f o r s p a c e a n d t i m e t h a t s u p e r c e d e t h e N e w t o n i a t n 
s y s t e m a c c e p t e d a s " s e l f - e v i d e n t " b y K a n t . T h i s r e s o l u t i o n 
i t s e l f , h o w e v e r , i s d e m o n s t r a t e d t o be i n a d e q u a t e w i t h i n t h e 
w i d e r c o n s i d e r a t i o n s o f t h e C 3 e n e r a l T h e o r y o f R e l a t i v i t y . T h i s 
i s a d e m o n s t r a t i o n o f t h e i n d u c t i v e p r o c e s s o f e m p i r i c a l 
s c i e n c e , i n w h i c h n o t o n l y i s at p a r t i c u l a r e m p i r i c a l h y p o t h e s i s 
u n d e r q u e s t i o n , b u t t h e b a s i c s y s t e m o f c o - o r d i n a t i o n u n d e r l y i n g 
e m p i r i c a l c o n c e p t s i s a i l s o s u b j e c t t o r e v i s i o n . T h i s p r o g r e s s i v e 
m o d i f i c i ^ t i o n o f c o - o r d i n a t i n g p r i n c i p l e s t h r o u g h t h e t w o 
t h e o r i e s o f R e l a t i v i t y d o e s i n d i c a t e t h a t i n c o n s i s t e n c y - a s 
v j i t h t h e a p p l i c a b i l i t y o f E u c l i d c - j a n g e o m e t r y - d o e s n o t t h e r e b y 
r e s u l t i n a. t o t a i l r e c a i s t i n g o f a l l o f s c i e n c e t h a t h a s b e e n 
d e v e l o p e d t o d a t e . E i n s t e i n h i m s e l f d e m o n s t r a t e d t h a t t h e 
E u c l i d e a n s y s t e m a<nd N e w t o n i a n m e c h a n i c s w e r e i n f a c t l i m i t i n g 
c a ' i s e s w i t h i n t h e w i d e r f r a ^ m e w o r k o f S p e c i a l R e l a i t i v i t y , w h i c h i n 
t u r n i s a l i m i t i n g c a s e o f G e n e r a l R e l a i t i v i t y i n t h e a b s e n c e o f 
g r a v i t a i t i o n a i l f i e l d s . T h u s -

t h e o l d p r i n c i p l e c a n be r e g a r d e d a s a n 
a p p r ' o x i m a t i o n f o r c e r t a i n s i m p l e c a s e s . 

( R e i c h e n b a c h [ 1 9 6 5 ] , 6 9 ) 

R e i c h e n b a i c h na^mes t h i s " i n d u c t i v e p r o c e d u r e t h e method of 
successive approximations.''' a n d s t a t e s t h a t -

I t i s i o g i c a i i y admissible and technically 
possible to d i s c o v e r inductively new co-ordinating 
principles that represent a s u c c e s s i v e a p p r o x i m a t i o n 
o f the principles used until now. 

( R e i c h e n b a c h [ 1 9 6 5 ] , 6 9 ) 

F.'eic h e n b a c h ' s i n t e n t i o n i n RAK i s t o r e c o n c i l e h i s g r o u n d i n g i n 
K a n t ' s p h i l o s o p h y w i t h t h e s h o c k o f R e l a t i v i t y . He t h e r e f o r e 
r e f e r s h i s m e t h o d o f s u c c e s s i v e a p p r o x i m a t i o n s b a c k t o K a n t -

I t s e e m s t o me t h a t t h i s m e t h o d o f s u c c e s s i v e 
a p p r o x i m a t t i o n s r e p r e s e n t s t h e e s s e n t i a i l p o i n t i n 
t h e r e f u t a t i o n o f K a n t ' s d o c t r i n e o f t h e a p r i o r i . 
. . . . K a n t b a s e d h i s t h e o r y o f t h e âi p r i o r i u p o n t h e 
p o s s i b i l i t y o f k n o w l e d g e 5 b u t he was w e l l a waire o f 
t h e f a c t t h a t he c o u l d n o t demonstrate this 
poss ibii ity. He d i d n o t e x c l u d e t h e i d e a t h a t 
knowledge might be impossibles ... I t seems 
s t r a n g e ; t h a t K a n t c l u n g t o h i s d o g m a t i c t h e o r y 
o f t h e ax p r i o r i w i t h s u c h t e n a c i t y i n s p i t e o f h i s 



c l e a r i n s i g h t i n t o t h e a c c i d e n t a l c h a r a c t e r o f t h e 
c t f f i n i t y o f n a t u r e a n d r e a s o n . 

( R e i c h e n b a c h [ 1 9 6 5 ] , 7 0 , 7 1 ) 

T h u s t h e c o n c l u s i o n o n why K a n t e r r e d , m u s t r e l a t e t o t h e 
m e t h o d s he e m p l o y e d -

he who h a d d i s c o v e r e d t h e esssence o f e p i s t e m o l c g y 
i n h i s c r i t i c a l q u e s t i o n c o n f u s e d t w o a i m s i n h i s 
a n s w e r s t o t h i s q u e s t i o n . I f he s e a r c h e d f o r t h e 
c o n d i t i o n s o f k n o w l e d g e , he s h o u l d h a v e a n a l y s e d 
A n o w i e d g e , ; taut w h a t he a n a l y s e d was r e a s o n - He s h o u l d 
h a v e s e a r c h e d f o r a x i o m s i n s t e a d o f c a t e g o r i e s . ... 
T h u s h i s m6?thod a l w a y s l e a d s h i m b a c k t o t h e 
c r i t e r i o n o f s e l f - e v i d e n c e . 

( R e i c h e n t a a c h [ 1 9 6 5 ] , 7 2 ) 

R e i c h e n b a c h , d c - ? t e r m i n e d t o s a l v a g e some o f h i s K a n t i a n h e r i t a g e , 
t h e r e f o r e r e d e f i n e s h i s o b j e c t i v e i n t e r m s w h i c h K a n t w o u l d h a v e 
r e c o g n i s e d , w i t h t h e q u e s t i o n ; "What c o - o r d i n a t i n g p r i n c i p l e s 
make a u n i q u e c o - o r d i n a t i o n o f e q u a t i o n s t o r e a l i t y p o s s i b l e ? " 
( R e i c h e n b a c h [ 1 9 6 5 ] , 7 4 ) , H i s m e t h o d m u s t be a l o g i c a l a n a l y s i s 
o f e m p i r i c a l k n o w l e d g e i t s e l f , a n d t h e a - p r i o r i p r i n c i p l e s he i s 
l o o k i n g f o r a r e t h o s e c o - o r d i n a t i n g p r i n c i p l e s w h i c h c o n s t i t u t e 
t h e ' w o r l d o f e x p e r i e n c e . T h a t t h e y e x i s t i s u n q u e s t i o n a b l e g i v e n 
t h a t we h a v e c o n s i s t e n t s c i e n t i f i c k n o w l e d g e , b u t v-je " m u s t 
a b a n d o n t h e q u e j s t i o n o f how l o n g t h e i r s p e c i f i c f o r m s w i l l 
r e m a i n v a l i d . " ( R e i c h e n t a a c h [ i ' 9 6 5 ] , 7 8 ) . A n a l y s i s w i l l r e v e a l 
o n l y a s p e c i f i c f o r m u l a t i o n o f c o - o r d i n a t i o n , w h i c h , j u s t a s 
G e n e r a l R e l a t i v i t y r e p l a c e s S p e c i a l R e l a t i v i t y , may be r e p l a c e d 
by a m o r e g e n e r a l f o r m u l a t i o n . We m u s t a c c e p t 

t h e most general farmu.lation attainable at a 
certain moment 

( R e i c h e n b a c h [ 1 9 6 5 ] , 7 9 ) 

I t i s i n t e r e s t i n g t o c o m p a r e t h i s c o n c l u s i o n o f R e i c h e n b a c h ' s 
w i t h P o i n c a r e ' s e n u n c i a t i o n i n S c i e n c e a n d H y p o t h e s i s , f i r s t 
p u b l i s h e d i n F r e n c h i n 1 9 0 2 -

The p r i n c i p l e s a r e c o n v e n t i o n s a n d d i s g u i s e d 
d e f i n i t i o n s . Y e t t hi e y a r- e d r a w n f r o m e x p e r i m e n t a 1 
l a w s 5 t h e s e l a w s h a v e , s o t o s p e a k , b e e n e x a l t e d 
i n t o p r i n c i p l e s t o w h i c h o u r m i n d a t t r i b u t e s a n 
a\bso 1 u t e v a 1 u e . 

( P o i n c a r e [ 1 9 4 6 ] , 1 2 5 ) 

P o i n c a r e h a d r e c o g n i s e d t h e w e a k n e s s i n K a n t ' s c o n c e p t o f 
u n c h a n g i n g a - p r i o r i p r i n c i p l e s , w h i c h R e i c h e n b a c h a l s o 
i d e n t i f i e s i n RAK, a n d he t h e r e f o r e n o m i n a t e s t h e s e a s 
conventions w h i c h d e v e l o p a s s c i e n t i f i c k n o w l e d g e d e v e l o p s . 
R e i c h e n b a c h v-jas a i v j a y s r e l u c t a n t t o e m b r a c e P o i n c a r e ' s 
C o n v e n t i o n a l i s m b e c a u s e i t was n o t c l e a r t o h i m how i t was 
p o s s i b l e t o d e t e r m i n e w h e t h e r a p a r t i c u l a r s e t o f c o n v e n t i o n s i n 
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u s e w o u l d n e c e s s a r i l y l e a d t o c o n s i s t e n t e m p i r i c a l consequenc(=><=; . 
J e r z y B i e d y m i n i n S c i e n c e a n d C o n v e n t i o n e x p l o r e s t h e d e g r e e o f 
d i v e r g e n c e b e t w e e n P o i n c a r e a n d R e i c h e n b a c h ( G i e d y m i n [ 1 9 S 2 ] , 15 
- 1 7 ) 

A t t h i s j u n c t u r e R e i c h e n b a c h r e t u r n s t o t h e q u e s t i o n o f w h e t h e r 
a unique c o - o r d i n a t i o n w i l l a x lways be p a s s i b l e . S c i e n c e 
c o n t e m p o r a r y t o R e i c h e n b a c h ' s w r i t i n g o f RAK i n d i c a t e d t h a t a 
u n i q u e c o - o r d i n a t i o n f o r e m p i r i c a l k n o w l e d g e was p o s s i b l e , 
axl t h o u g h t h e s u b s e q u e n t , d e v e l o p m e n t o f G!uantum M e c h a n i c s w o u l d 
make t h i s a s s e r t i o n p r o b l e m a t i c , g i v e n t h a t d e s c r i p t i o n s o f 
s u b - a t o m i c e v e n t s c a n n o t a l w a y s be c o n s i s t e n t l y g i v e n i n t e r m s 
o f e i t h e r a p a i r t i c l s o r a w a v e r e p r e s e n t a t i o n . R e i c h e n b a c h , 
h o w e v e r , c o u l d e s t a i b l i s h n o g r o u n d s on w h i c h a u n i q u e 
c o - o r d i n a t i o n was n e c e s s a r y . F o r R 6 ? i c h e n b a c h , t h e i m p l i c a x t i o n o f 
a u n i q u e ? c o - o r d i n a t i o n was t h e e x i s t e n c e o f p h y s i c a l c o n s t a n t s , 
b u t t h i s E e x i s t e n c e was d£?monstrated t h r o u g h s c i e n c e a n d was n o t 
a n e c e s s a i r y c o n s e q u e n c e o f e m p i r i c a x l m e a s u r e m e n t . He a l s o d r a w s 
a%t t e n t i o n t o <sctuai.l e m p i r i c a l me?asur6?men t w h i c h c a n n e v e r be 
f r e e o f r a n d o m e ; r r o r , b u t w h i c h e r r o r i s a l l o w e d f o r i n r e l a t i n g 
t h e c o n c e p t t o e x p e r i m e n t : t h u s i n v a l i d a t i n g B o y l e ' s Law o f 
P „ V ~ R . T we a l l o w f o r s m a l l d i s c r e p a n c i e s f r o m a p e r f e c t 
s t r a i g h t - l i n e r e l a t i o n s h i p . R e i c h e n b a c h a n t i c i p a t e s t h a t we may 
h a v e t o add p r o b a b i l i t y a x s s u m p t i o n s t o i n c o r p o r a t e some p h y s i c a l 
p h e n o m e n a i n a l a w — l i k e s c h e m a -

t h i s a s s u m p t i o n r e p l a t c e s t h e c o n c e p t o f u n i q u e n e s s 
w i t h r e q ' a r d t o d e t e r m i n i n g t h e d e f i n i t i o n . C e r t a i n 
a s s u m p t i o n s o f q u a n t u m t h e o r y may s u g g e s t s u c h a 
g e n e r a l i s a i t i o n o f t h e c o n c e p t o f c o - o r d i n a t i o n . 

( R e i c h e n b a c h [ 1 9 6 5 ] , 8 5 ) 

He t h e r e f o r e c o n c l u d e s -

t h a t t h e u n i q u e n e s s o f t h e c o - o r d i n a t i o n c a n n o t 
be a s c e r t a i n e d ; i t i s a c o n c e p t u a l f i c t i o n t h a t 
i s o n l y a p p r o x i m a i t e i y r e a l i s e d . 

( R e i c h e n b a c h [ 1 9 6 5 ] , 8 5 ) 

I t i s n e c e s s a t r y t h e r e f o r e t o 

r e l i n q u i s h u n i q u e n e s s a s an a b s o l u t e r e q u i r e m e n t 
a n d c a l l i t a p r i n c i p l e o f c o - o r d i n a t i o n , j u s t 
l i k e a l l t h e o t h e r s 

( R e i c h e n b a c h [ 1 9 6 5 ] , 8 6 ) 

' B e f o r e f u r t h e r c o n s i d e r a t i o n o f R e l a t i v i t y , R e i c h e n b a c h d r a v j s 
h i s c o n c l u s i o n s on t h e o b j e c t o f k n o w l e d g e 

T h e p r i n c i p l e s o f c o - o r d i n a t i o n r e p r e s e n t t h e 
r e i t i o n a l c o m p o n e n t s o f e m p i r i c a i l s c i e n c e a t a 
g i v e n s t a g e . ... A p a r t i c u l a r l a w r e p r e s e n t s 
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t h e a p p l i c a t i o n o f t h o s e c o n c e p t u a l m e t h o d s 
l a i d down i n a p r i n c i p l e o f c o - o r d i n a t i o n ? t h e 
p r i n c i p l e s o f c o - o r d i n a t i o n a l o n e d e f i n e t h e 
k n o w l e d g e o f o b j e c t s i n t e r m s o f c o n c e p t s . E v e r y 
c h a n g e o f t h e p r i n c i p l e s o f c o - o r d i n a t i o n 
p r o d u c e s a c h a n g e o f t h e c o n c e p t o f o b j e c t o r 
e v e n t , t h a t i s , t h e o b j e c t o f k n o w l e d g e . . . . 
D u r c o n c e p t s of the very object of knowledge 
that i S y of reality and the passibility of its 
description, can only gradually become more 
precise. 

( R e i c h e n b a c h [ 1 9 6 5 ] , 8 7 ) 

He a l s o m a k e s c l e a r t h a t b e c a u s e t h e p r i n c i p l e s o f c o - o r d i n a t i o n 
a r e s e l e c t e d i n o r d e r t o c o m p r e h e n d r e a l i t y , a n d a r e n o t 
p r e s c r i b e d b y r e a l i t y , t h e y a r e i n a s e n s e a r b i t r a r y . We c a n 
t h e r e f o r e e x p e c t w i t h i n t h e f r a m e w o r k o f c o - o r d i n a t i o n t o f i n d 
e q u i v a l e n t s y s t e m s , - o r p e r h a p s m o r e a c c u r a t e l y s u b s y s t e m s . He 
t u r n s t o t h e T h e o r y o f R e l a t i v i t y t o a m p l i f y t h i s , i n t h a t 
c h o i c e o f a s p a t i o - t e m p o r a l r e f e r e n c e f r a m e c a n be a r b i t r a r y , 
a l t h o u g h r e l a t e a b l e t o o t h e r r e f e r e n c e f r a m e w o r k s by e q u a t i o n s 
o f t r a n s f o r m a t i o n . 

t h e t h e o r y o f r e l a t i v i t y t e a c h e s t h a t t h e m e t r i c 
i s s u b j e c t i v e o n l y i n s o f a r a s i t i s d e p e n d e n t u p o n 
t h e a r b i t r a r i n e s s o f t h e c h o i c e o f c o - o r d i n a t e s , 
a n d t h a t i n d e p e n d e n t l y o f t h e m i t d e s c r i b e s an 
o b j e c t i v e p r o p e r t y o f t h e p h y s i c a l w o r l d . 

( R e i c h e n t a a c h [ 1 9 6 5 ] , 9 0 ) 

I t i s i l l u m i n a t i n g t o r e f e r b a c k t o C a s s i r e r ' s w o r k S u b s t a n c e 
a n d F u n c t , i o n w r i 1 1 e n t e n y e a r s e a r l i e r . The c o n c l u s i o n t h a t 
K a n t ' s a - p r i o r i p r i n c i p l e s c a n n o t b e n e c e s s a r y a n d u n c h a n g i n g i s 
s h a r e d . B o t h w r i t e r s s e e an e v o l u t i o n o f k n o w l e d g e , d e r i v e d f r o m 
e m p i r i c a l e x p e r i e n c e , b u t w h e r e a s C a s s i r e r l o o k s f o r e m p i r i c a l 
t r u t h i n a " p r o g r e s s i v e u n i f i c a t i o n " o f k n o w l e d g e , R e i c h e n b a c h 
c a n n o t j u s t i f y t h i s " u n i q u e c o - o r d i n a t i o n " a s a n e c e s s i t y o r 
e v e n a s a p o s s i b l e i d e a l l i m i t , R e i c h e n b a c h w r i t e s a s i f f i r e d 
b y C a s s i r e r ' s c r i t i q u e , b u t a s a n e n g i n e e r he i s m o r e m e r c i l e s s 
w i t h t h e K a n t i a n l o g i c a n d s u b m i t s i t t o t h e f i n a l q u e s t i o n t h a t 
C a s s i r e r h a s n o t a s k e d - " I s i t n e c e s s a r y f o r e m p i r i c a l 
k n o w l e d g e t o be a s e l f - c o n s i s t e n t s y s t e m ? " Two y e a r s a f t e r RPiK 
R e i c h e n b a c h w r o t e a p a p e r w h i c h was p u b l i s h e d i n L o g o s 1 0 , n o . 3 , 
3 1 6 - 3 7 8 , a n d t r a n s l a t e d i n 1 9 5 9 a s "The D i s c u s s i o n o f R e l a t i v i t y 
Now". I n t h i s he g i v e s a t h o r o u g h c o n s i d e r a t i o n o f C a s s i r e r ' s 
c o r o l l a r y t o S u b s t a n c e _and F u n c t i o n - E i n s t e i n ' s T h e o r y , 
p u b l i s h e d i n 1 9 2 1 . H i s a p p r o v a l i n i t i a l l y a p p e a r s u n r e s e r v e d -

H i s [ C a s s i r e r ' s ] w o r k i s t h e m a s t e r f u l p r e s e n t a t i o n 
o f a h i s t o r i a n t o whom s y s t e m a t i c a n a l y s i s g a v e 
b r e a d t h o f v i s i o n , a n d w h o s e s u p e r i o r c o m p e t e n c e 
l a c k s d o g m a t i s m . H i s e v e r y s e n t e n c e e v i n c e s a 
command o f c r i t i c a l a n a l y s i s t h a t i s b e n t , n o t on a 
D r e s e r v a t i o n o f Kant's doctrines ^ b u t on a 
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continuation o f K a n t ' s methods. The t r a n s c e n d e n t a l 
m e t h o d s e a x r c h e s f o r t h e p r e s u p p o s i t i o n s o f k n o w l e d g e ? 
i f t h e s y s t e m o f k n o w l e d g e h a s c h a n g e d si n c e ? K a n t , 
t h e n K a n t ' s p r e s u p p o s i t i o n s o f k n o w l e d g e m u s t be 
c o r r e c t e d . T h e r e i s n o d o u b t t h a t t h e c o n t r a d i c t i o n 
b e t w e e n Ka^nt ajnd E i n s t e i n c a n be r e s o l v e d i n t h i s way. 

( R e i c h e n b a c h [ 1 9 7 a ] , v , 2 , 26) 

He c o n t i n u e s h i s e u l o g y w i t h a p p r o v a l o f C a s s i r e r ' s 
r e ? ~ i n t e r p r e t a t i o n o f Kaxnt's c o n c e p t o f s p a c e a s s i m p l y an " o r d e r 
o f c o - e x i s t e n c e a n d s u c c e s s i o n " amd w i t h o u t p r e - s u p p o s i t i o n o f a 
p a r t i c u l a r g e o m e t r y . R e i c h e n b a c h p r o c e e d s t o d e v e l o p t w o o t h e r 
c o n c l u s i o n s i n t h e a r t i c l e . He e x p r e s s e s s u r p r i s e t h a t K a n t 
d i d n ' t r e ? a l i s s t h a t N e w t o n ' s c o n c e p t o f s p a c e was i n c o m p a t i b l e 
w i t h h i s o w n , a n d o b s e r v e s t h a t t h e t h e o r y o f r e l a t i v i t y i s 
e n t i r e l y c o n s i s t e n t w i t h t h e c o n c e p t o f " o u t e r i n t u i t i o n " axs ain 
" o r d e r o f c o - e x i s t e n c e and s u c c e s s i o n " . 

t h e t h e o r y o f r 6 ? l a t i v i t y i s n o t o n l y c o n s i s t e n t 
w i t h K a n t i a n p h i l o s o p h y , b u t a l s o i n a s e n s e 
s e r v e s t o c o m p l e t e i t . I t wias K a i n t ' s g r e a t 
c o n t r i b u t i o n t o h a v e p o i n t e d o u t t h a i t s p a i c e a n d 
t i m e h a v e n o p h y s i c a l r e a l i t y , tha^t. t h e y a r e m e r e l y 
s t r u c t u r a l laxws o f k n o w l e d g e . 

( R e i c h e n b a c h [1978],v.2, 27) 

H i s se?cond c o n c l u s i o n w h i c h he s h a r e s w i t h C a s s i r e r i s t h a t t h e 
t h e o r y o f r e l a t i v i t y l e n d s s u p p o r t t o K a n t ' s a n a l y s i s o f t h e 
concept of an object, 

K a n t h o l d s t h a t ax p h y s i c a l o b j e c t i s n o t a d i r e c t l y 
g i v e n t h i n g taut i s defined by p h y s i c a l lav-js d u r i n g 
t h e p r o c e s s o f a c q u i r i n g k n o w l e d g e . T h u s , C a s s i r e r 
s p e a k s o f m a g n i t u d e s r a t h 6 ? r t h a n o b j e c t s , a n d he 
r e g a r d s i t a s t h e p r i m a r y c h a r a c t e r i s t i c o f 
s c i e ^ n t i f i c d e v e l o p m e n t t h a t c o n c e p ^ t s o f o b j e c t s a r e 
c o n t i n u o u s l y e l i m i n a t e d i n f a v o u r o f c o n c e p t s o f 
m a g n i t u d e . 

( R e i c h e n b a c h [1978],v.2, 28) 

He e m p h a s i s e s t h e r e l e v a ^ n c e o f thee t h e o r y o f r e l a i t i v i t y by 
q u o t i n g f r o m C a s s i r e r -

Laiws axre n e i t h e r d i s c o v e r e d n o r c o n f i r m e d b y 
o b s e r v a i t i o n s a n d me£asure?ments made i n an 
i n d i v i d u a l s y s t e m , n o t e v e n b y t h o s e made i n a n y 
g i v e n n u m b e r o f s u c h s y s t e m s , b u t o n l y by t h e 
m u t u a i l C D - o r d i n a t i o n o f r e s u l t s o b t a i n a b l e i n 
a i l possible s y s t e m s . 

( R e i c h e n b a c h [1978],v.2, 29) 

R e i c h e n t a a c h , h o w e v e r , h a v i n g a g r e e d w i t h C a s s i r e r , p r o c e e d s t o 
make h i s maxjor c r i t i c i s m 
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the? c e r t a x i n t y o f the transcendenta 1 method has 
b e e n u n d e r m i n e d , a n d t h e r e i s n o g u a r a n t e e t h a t 
t h e h i t h e r t o u n a f f e ? c t e ? d a x i o m s w i l l h o l d f o r e v e r . 
I f p h y s i c s s h o u l d p r o c e e d , u n d e r t h e i n f l u e n c e 
o f q u a n t u m t h e o r y , t o c o n c e i v e o f s p a c e ass a 
d i s c r e t e m a n i f o l d ( a m a t t e r t h a t i s u n d e c i d e a b l e 
a i t t h e m o m e n t ) , C a s s i r e r ' s c o n c e p t o f p u r e 
i n t u i t i o n w o u l d r e q u i r e a f u r t h e r e x t e n s i o n . 
U n d e r s u c h c o n d i t i o n s , a c o n t i n u o u s , m e t r i c — f r e e 
spaxce w o u l d n o l o n g e r be axn a x d e q u a t e f r a m e w o r k 
f o r e? m p i r i c ax, 1 r e a< 1 i t y . 

( R e i c h e n b a c h [ 1 9 7 8 ] , v . 2 , 2 9 ) 

R e i c h e n t a a c h , t h e r e f o r e , i s a b l e t o p r o c e e d f u r t h e r t h a n C a s s i r e r 
a n d i s p r e p a r e d t o be m o r e c r i t i c a l o f t h e t r a n s c e n d e n t a l 
method„ 

C a s s i r e r r e s o l v e d t h e c o n t r a d i c t i o n b e t w e e n K a n t ' s 
e p i s t e m o i o g y a^nd t h e t h e o r y o f r e l a t i v i t y b y 
e x t e n d i n g t h e c o n c e p t o f p u r e i n t u i t i o n . I a g r e e 
t h a t , i n t h i s way K a n t ' s p h i l o s o p h y i s r e n d e r e d 
c o n s i s t e n t w i t h p r e s e n t - d a y p h y s i c s , t h a t t h i s 
c o n s i s t e n c y i s - a c h i e v e d w i t h t h e m i n i m u m n u m b e r 
o f chaxnges i n K a i n t ' s p h i l o s o p h y , ... . N e v e r t h e l e s s , 
I m a i i n t a i n t h a t s u c h an a p p r o a c h i s t a n t a m o u n t t o 
a d e n i a l o f s y n t h e t i c a priori p r i n c i p l e s , a n d 
t h a x t t h e r e ? i s n o o t h e r r e m e d y b u t t o r e n o u n c e t h e 
a p o d i c t i c c h a r a c t e r o f e p i s t e m o l o g i c a l s t a t e m e n t s . 

( R e i c h e n b a c h [ 1 9 7 3 ] , v . 2 , 3 0 ) 

F c e t u r n i n g t o RAJ;::, f u r t h e r c l a r i f i c a t i o n i s r e q u i r e d o f 
F•^eiche^lbach's r e - d e f i n i t i o n o f t h e K a n t i a n " c o n c e p t o f o b j e c t " . 

as t h e c o n c e p t o f o b j e c t c h a m g e s [ w i t h d e v e l o p i n g 
s c i e n c e ] , t h e r e i s n o f i n a i l j u d g m e n t c o n c e r n i n g 
t h e c o n t r i b u t i o n o f r e a s o n t o k n o w l e d g e , o n l y a 
g 1- a d u a 1 c 1 a r i f i c a t i on 

( R e i c h e n b a c h [ 1 9 6 5 ] , 9 1 ) 

R e i c h e n b a c h , h o w e v e r , w i s h e s t o d i s t i n g u i s h h i s a n a l y s i s f r o m a 
p u r e l y p o s i t i v i s t a p p r o a c h w h i c h w o u l d make n o a l l o w a n c e f o r t h e 
p r i n c . i p l e ? s o f c o - o r d i n a t i o n t h a t g i v e s t r u c t u r e t o e m p i r i c a l 
e x p e r i e n c e . T h e t h e o r y o f r e l a t i v i t y p r o v i d e s t h e p e r f e c t 
V 6 ? h i c l e f o r d e s m o n s t r a t i n g t h i s , b e c a u s e 

whaxt was f o r m e r l y ax p r o p e r t y o f things b e c o m e s 
now a p r o p e r t y o f t h i n g s a n d t h e i r s y s t e m s o f 
r e f e r e n c e . 

( R e i c h e n b a c h [ 1 9 6 5 ] , 9 7 ) 

R e i c h e n b a c h a l s o c l a i m s t h a t t h i s a l s o c o n t r a d i c t s K a n t ' s 
c o n c e p t o f s u b s t a n c e , ais a " m e t a i p h y s i c a l s u b s t r a t u m " on w h i c h 
c h a n g e c o u l d be o b s e r v e d . I t i s c e r t a i n l y a t v a r i a n c e w i t h 
Kant'Si a x l l u s i o n s t o t h e " t h i n g - i n - i t s e l f " l y i n g b e h i n d 
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e x p e r i e n c e , b u t i t i s q u e s t i o n a b l e w h e t h e r t h e o b j e c t i v e 
m e a s u r e m e n t o f an o b j e c t a s p r o v i d e d by t h e t h e o r y o f r e l a t i v i t y 
w i t h a c c o m p a n y i n g t r a n s f o r m a t i o n f o r m u l a s f o r d i f f e r e n t 
r e f e r e n c e f r a m e s , i s any d i f f e r e n t f r o m K a n t ' s c o n s t r u c t o f 
o b j e c t i n " o u t e r i n t u i t i o n " , R e i c h e n b a c h d o e s p r o c e e d , h o w e v e r , 
w i t h t h e o b s e r v a t i o n t h a t t h e t h e o r y o f r e l a t i v i t y r e p l a c e s "The 
physics of farces and things by t h e physics of states of 
fields,•' ( R e i c h e n b a c h [ 1 9 6 5 ] , 1 0 3 ) . 

R e i c h e n b a c h ' s f i n a l c o n c l u s i o n i n QBE-. i'=^ t h a t t h e c o - o r d i n a t i n g 
p r i n c i p l e s d e t e r m i n e how k n o w l e d g e i s o b t a i n e d w i t h o u t s a y i n g 
w h a t i s k n o w n . F u r t h e r m o r e , b e c a u s e k n o w l e d g e h a s d e v e l o p e d 
s i n c e K a n t , t h e c o - o r d i n a t i n g p r i n c i p l e s t h e m s e l v e s h a v e b e e n 
m o d i f i e d by e x p e r i e n c e . 

"A p r i o r i " m eans "before k n o w l e d g e " , b u t n o t 
" f o r a l l t i m e " a n d n o t " i n d e p e n d e n t o f e x p e r i e n c e " . 

( R e i c h e n b a c h [ 1 9 6 5 ] , 1 0 5 ) 

I t i s i n t e r e s t i n g t o c o m p a r e t h e r e s p e c t i v e a p p r o a c h e s o f K a n t , 
C a s s i r e r , a n d R e i c h e n f a a c h , t o t h e c r i t i c a l q u e s t i o n "How i s 
k n o w l e d g e p o s s i b l e ? " . A l l a g r e e t h a t e m p i r i c a l k n o w l e d g e ; i s a 
c o n s t r u c t s h a p e d f r o m e x p e r i e n c e , b u t t h e i r s u b s e q u e n t 
m e t h o d o l o g y i s d i f f e r e n t . K a n t h a s a n a l y s e d t h e f a c u l t i e s o f 
R e a s o n a n d L o g i c t o d e r i v e h i s C a t e g o r i e s o f P u r e U n d e r s t a n d i n g 
a n d t h e n r e f l e c t e d t h e m i n t o h i s c o n t e m p o r a r y u n d e r s t a n d i n g o f 
t h e p h y s i c a l w o r l d . C a s s i r e r h a s r e v i e w e d a s a s c h o l a r t h e s t a t e 
o f s c i e n c e u p t o t h e e j a r l y t w e n t i e t h C e n t u r y , a n d t r a c e d an 
e v o l u t i o n o f c o n c e p t s t o w a r d s a u n i f i e d u n d e r s t a n d i n g . 
F i e i c h e n b a c h a t t e m p t e d a l s o , l i k e C a s s i r e r , t o l o o k f o r 
c o - o r d i n a t i n g p r i n c i p l e s i n c o n t e m p o r a r y k n o w l e d g e , b u t i n f a c t 
he a c t u a l l y l o o k e d a t hat-/ e m p i r i c a l k n o v j l e d g e i s d e r i v e d . H i s 
f a s c i n a t i o n w i t h t h e T h e o r y o f R e l a t i v i t y i s p r e c i s e l y b e c a u s e 
t h i s i s a s t u d y o f t h e m e a n i n g o f e m p i r i c a l m e a s u r e m e n t . H i s 
" m e t h o d o f l o g i c a l a n a l y s i s " i s n o t an a n a l y s i s o f k n o w l e d g e 
i t s e l f a s he c l a i m s , b u t an a n a l y s i s o f t h e m e a n i n g o f 
s c i e n t i f i c s t a t e m e n t s . 

M o m e n t a i r i l y s t e p p i n g o u t s i d e t h e K a n t i a n t r a d i t i o n , i t i s 
i l l u m i n a t i n g t o c o n t r a s t t h e a r g u m e n t s d e v e l o p e d w i t h t h o s e o f a 
c o n t e m p o r a r y e m p i r i c i s t . M i c h a x e l F r i e d m a n i n F o u n d a t i o n s o f 
S p a c e - T i m e Ih.l£U::ijis. r e j e c t s t h e v a l u e o f a t t e m p t i n g t o 
d i s t i n g u i s h " c o n s t i t u t i v e p r i n c i p l e s " f r o m s t a t e m e n t s o f 
e m p i r i c a l l a w ? s c i e n t i f i c m e t h o d i s a n e m p i r i c a l s t u d y a n d i t s 
v a l u e l i e s i n i t s o v e r a l l c o n s i s t e n c y . 

T h e p r e s e n t c o n c e p t i o n o f s c i e n t i f i c m e t h o d i n v o l v e s 
n o g e n e r a l d i s t i n c t i o n b e t w e e n f a c t u a l s t a t e m e n t s on 
t h e o n e s i d e a n d c o n v e n t i o n s o r a r b i t r a r y d e f i n i t i o n s 
on t h e o t h e r . U s i n g F ^ e i c h e n b a c h ' s t e r m i n o l o g y , we c a n 
d i s c e r n n o i n t e r e s t i n g d i s t i n c t i o n b e t w e e n " p r i n c i p l e s 
o f c o o r d i n a t i o n " a n d " p r i n c i p l e s o f c o n n e c t i o n " . ... 
T h e y a r e a i l s u b j e c t t o c o n f i r m a t i o n a n d d i s c o n f i r m a t i o n 
... b y a p r o c e s s o f t h e o r e t i c a l u n i f i c a t i o n t h a t l o o k s 
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f o r r e p e e a t e d b o o s t s i n c o n f i r m a t i o n . I t i s f u t i l e , t h e n , 
t o a t t e m p t t o d i s t i n g u i s h " c o n s t i t u t i v e " p r i n c i p l e s 
t h a t p r o v i d e a f r a m e w o r k f o r e m p i r i c a l t h e o r i s i n g ... 
f r o m o r d i n a t r y e m p i r i c a l l a w s . 

( F r i e d m a n [ 1 9 8 3 ] , 3 3 8 , 3 3 9 ) 

F r i e d m a n ' s p r i m a r y c r i t e r i o n f o r c h o o s i n g b e t w e e n a l t e r n a t i v e 
t h e o r e t i c a l s t r u c t u r e s ( f o r e x a i m p l e E i n s t e i n v L o r e n t s ) i s b a s e d 
on t h e p r i n c i p l e o f p a r s i m o n y , t h a t we? s h o u l d r e s j e c t t h e o r i e s 
t h a i t c o n t a i n an e x c e s s o f t h e o r e t i c a l c o n t e n t , a l t h o u g h , o f 
c o u r s e , a c c e ? p t a b l e t h e o r i e s m u s t a l s o c o n f o r m w i t h a g e n e r a l 
u n i t y o f s c i e n t i f i c k n o x - j l e d g e . T h u s F r i e d m a n w o u l d c l a i m t h a t 
t h e r e i s a s p e c i f i c e ? m p i r i c a l g e o m e t r y t h a t o b t a i n s i n a g i v e ^ n 
o b j e c t i v e s i t u a i t i o n , a s o p p o s e d t o A d o l f G r u n b a u m who w o u l d 
m a i n t a i n t h a t t h e a p p r o p r i a t e g e o m e t r y r e s u l t s f r o m t h e 
c o - o r d i n a x t i v e d e f i n i t i o n s t h a t a p p l y (Grunbaium [ 1 9 6 3 ] , 1 2 ) . 
F ' r i e d m a n ' s t h e s i s i s t h a t t h e e m p i r i c a l s i t u a t i o n e f f e c t i v e l y 
d e t e r m i n e s whaxt p r i n c i p l e s o r d e f i n i t i o n s we c a n a i d o p t , a n d 
t h a t , f o r exaxmple?, t h e d e f i n i t i o n o f s i m u l t a n e e i t y i n t r o d u c e d by 
E i n s t e i n i n t h e S p e c i a l T h e o r y o f F ; e l a t i v i t y i s n o t an a r b i t r a r y 
c o n v e ? n t i o n o r c o - o r d i n a t i v e d e f i n i t i o n , b u t i s n e c e s s a r y t o t h e 
p r o v i s i o n o f m a n a i g e a b l e r e l a t i v i s t i c g e o m e t r y . R e i c h e n b a c h' s 
c a s e i s t h a t a d e f i n i t i o n i s n e c e s s a r y , b u t t h a t t h e a c t u a l 
d e f i n i t i o n i n t r o d u c e d b y E i n s t e i n c o n t a i n s a n a r b i t r a r y f a c t o r . 
T h e r e i s ai d i r e c t appe?al a b o u t F r i e d m a n ' s a p p r o a c h , - a 
R e i c h e n b a c h u n c l u t t e r e d b y K a n t -, w h i c h p r o m p t s t h e q u e s t i o n o f 
the? r e ? l e v a n c e o f t h e t r a n s c e n d e n t a l a p p r o a c h t o t h e p h i l o s o p h y 
o f s c i e n c e . I n d i s s e c t i n g a s p e c i f i c t h e o r y , F r i e d m a n ' s a p p r o a c h 
i s u n d o u b t e d l y p r o d u c t i v e ? , i n t h a x t a l l p r e s u p p o s i t i o n s a r e o p e n 
t o d e t a i l e d q u e s t i o n i n g . The w e a k n e s s o f t h e d i r e c t e m p i r i c a l 
m e t h o d , w h i c h a l l o w s n o p r e c e d e n c e t o s t r u c t u r i n g p r i n c i p l e s , i s 
t h a x t i t caxn f a ^ i l t o r e l a t e t o s y s t e m a t i c s c i e n t i f i c k n o w l e d g e a s 
a whole?. I t i s n o t a p r o b l e m o f losing sight of the wood for the 
t r e e s , b u t o f n o t r e l a t i n g a p a r t i c u l a r v i e w o f trees w i t h a 
corresponding view of all the trees. E m p i r i c a l k n o w l e d g e i s 
s t r u c t u r e d b y p r i n c i p l e s , a n d R e i c h e n b a c h a n d C a s s i r e r w e r e 
c o r r e c t t o m o d i f y K a n t ' s i n t r a n s i g e n t i n s i s t e n c e o n u n c h a n g i n g 
p r i n c i p l e s . T h e p r i n c i p l e s e m p l o y e d t o g e n e r a t e a s c i e n t i f i c 
u n d e r s t a n d i n g o f t h e o b j e c t i v e w o r l d a i r e m o d i f i e d by s c i e n c e 
i t s e l f , -• m o d i f i e d t o c l a r i f y u n d e r s t a n d i n g . T h e y a r e m o d i f i e d 
t h r o u g h the? i n t e r a c t i o n o f t h e o b j e c t i v e w o r l d w i t h o u r 
u n d e r s t a n d i n g o f i t . F'e?rhaps t h e r e i s a d a n g e r i n u s e o f t h e 
p h r a s e empirical knowledge, i n t h a t t h e r e i s an i m p l i c a t i o n i n 
t h e c o n c e p t o f knowledge i n somehow c o m i n g - t o - t e r m s w i t h things 
in themselves. S u b s t i t u t i o n o f understanding f o r knowledge 
p o ^ r h a p s c l a r i f i e s t h a t w h a t we u n d e r s t a n d i s a c o n s t r u c t f r o m 
i m p r e s s i o n s o f t h e w o r l d . I n c o n s t r u c t i n g o u r u n d e r s t a n d i n g we 
do e m p l o y r e g u l a t i v e p r i n c i p l e s w h i c h a r e r e v i s e a b l e , b u t 
b e c a u s e t h e s e p e r m e a t e a l l o f o u r u n d e r s t a n d i n g i t i s n e c e s s a r y 
t h a t we i d e n t i f y t h e m a s p r i n c i p l e s w h i c h axre o f d i f f e r e n t 
s t a t u s f r o m e m p i r i c a l l a w s . 
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B e f o r e l o o k i n g b e y o n d R e i c h e n b a c h ' s w o r k o n R e l a t i v i t y i n RAK. 
i t i s e s s E - ' n t i a l t o e x a m i n e the? w r i t i n g s o f M e r i t s S c h l i c k a n d 
t h e c o r r e s p o n d e n c e he h a d w i t h F < e i c h e n b a c h o n R e l a t i v i t y . 
S c h l i c k was a s k e d by K a n t - S t u d , i e n i n 1 9 2 1 t o r e v i e w C a s s i r e r ' s 
Z u r E i r i s t e i n ' s Re 1 i t . i v i t a t s t h e o r i e , a s w e l l a s f ^ e i c hen b a c h ' s 
EBK. i^Tici a n e x p o s i t i o n o n R e l a t i v i t y f o r p h y s i c i s t s by Max B o r n . 
P r i o r t o t h i s , S c h l i c k had w r i t t e n an a r t i c l e i n 1 9 1 5 i n 
Z e i t s c h r i f t :Lyr_. P h i I P S O p h i e i-md p h i l o s o p h i s c h e K r i t i k , 1 5 9 
e n t i t l e d " D i e p h i l o s o p h i s c h e B e d e u t u n g d e s R e l i t i v i t a t s p r i n z i p s " 
("The P h i l o s o p h i c a l S i g n i f i c a n c e o f R e l a t i v i t y " ) . I n h i s a r t i c l e 
i n 1 9 1 5 , S c h l i c k h a d r e v i e w e d t h e S p e c i a l T h e o r y o f R e l a t i v i t y , 
- t h e G e n e r a l T h e o r y n o t h a v i n g b e e n p u b l i s h e d t h e n -, a g a i n s t 
t h e b a c k g r o u n d o f t h e t w o p h i l o s o p h i c a l m e t h o d s i n c u r r e n t v o g u e 
i n G e r m a n y ; n e o - K a n t i a n i s m a n d P o s i t i v i s m , He b e g i n s w i t h a 
c l e a r s t a t e m e n t o f what, he s e e s a s t h e p r o p e r t a s k o f p h i l o s o p h y 

We h a v e k n o w n s i n c e t h e d a y s o f K a n t t h a t t h e o n l y 
f r u i t f u l m e t h o d o f a l l t h e o r e t i c a l p h i l o s o p h y c o n s i s t s 
i n c r i t i c a l i n q u i r y i n t o t h e u l t i m a t e p r i n c i p l e s o f 
t. h e s p e c i a 1 s c i e n c: e s . 

( S c h l i c k [ 1 9 7 9 ] , v . l , 1 5 3 ) 

He p r o c g ; e d s w i t h a c l e a r e l u c i d a t i o n o f t h e p r i n c i p l e s o f t h e 
T h e o r y o f F < e l a t i v i t y , and d e m o n s t r a t e s how t h e y r e m o v e t h e 
s h o r t c o m i n g s o f N e w t o n i a n m e c h a n i c s . I n p a r t i c u l a r , t h e y p r o v i d e 
the;: means t o make s p a t i a l a n d t e m p j o r a l m e a s u r e m e n t s i n a 
c o n s i s t e n t m a n n e r w i t h o u t m a k i n g a p r e s u m p t i o n o f a b s o l u t e 
s p a t i a l a n d t e m p o r a l r e f e r e n c e s . He c o m p a r e s E i n s t e i n ' s t h e o r y 
VMith t h a t o f L o r e n t ; : , who h a d p r o v i d e d a r e s o l u t i o n o f t h e 
a p p a r e n t p a r a d o x o f a c o n s t a n t v e l o c i t y o f l i g h t w i t h h i s 
h y p o t h e s i s o f l e n g t h c o n t r a c t i o n o f b o d i e s m o v i n g t h r o u g h t h e 
a e t h e r . S c h l i c k a c k n o w l e d g e s t h a t b o t h t h e o r i e s a r e i n p e r f e c t 
a c c o r d i n t e r m s o f m e a s u r a b l e c o n s e q u e n c e s , a n d a r g u e s why o n e 
s h o u l d be p r e f e r r e d t o t h e o t h e r . He a d o p t s a C o n v e n t i o n a l i s t 
a p p r o a c h , a n d , l i k e F < e i c h e n b a c h ' s l a t e r a n a l y s i s i n RAK, he 
i d e n t i f i e s s c i e n t i f i c p r o p o s i t i o n s a s coordinations, 

t h e t o t a l i t y o f o u r s c i e n t i f i c p r o p o s i t i o n s , i n w o r d 
a n d f o r m u l a , i s i n f a c t n o t h i n g e l s e b u t a s y s t e m o f 
s i g n s caordinated to t h e f , a c t s o f r e a l i t y ; 

( S c h l i c k [ 1 9 7 9 ] , v . l , 1 6 7 ) 

He proc6?eds w i t h t h i s d i s c u s s i o n , e m p h a s i s i n g t h e c o n v e n t i o n a l 
n a t u r e o f t h e s y s t e m o f c o o r d i n a t i o n s t h a t we a d o p t 

I t i s t h e r e f o r e n o c o n t r a d i c t i o n t h a t u n d e r 
c e r t a i n c o n d i t i o n s s e v e r a l t h e o r i e s may be t r u e a t 
o n c e , i n t h a t t h e y p r o v i d e a d i f f e r e n t b u t i n e a c h 
c a s e p e r f e c t l y u n i v o c a l d e s i g n a t i o n o f t h e f a c t s . 
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One o f t h e m , i n d e e d , w i l l d o t h i s m o r e s k i l f u l l y 
a n d s i m p l y t h a n a l l t h e o t h e r s , a n d we may t h e r e f o r e 
w o r k w i t h i t a ^ l o n e , a n d e v e n a g r e e t o c a l l i t t h e 
o n l y " c o r r e ? c t " o n e , b u t a l o g i c a l l y c o m p e l l i n g 
r e a s o n f o r t h i s may n o t a t f i r s t be a p p a r e n t , 

( S c h l i c k [ 1 9 7 9 ] , v . l , 1 6 8 ) 

S c h l i c k i d e n t i f i e s t h a t E i n s t e i n ' s t h e o r y i s s i m p l e r t h a n 
L o r e n t z ' t h e o r y b e c a u s e i t c o n t a i n s f e w e r a r b i t r a r y a s s u m p t i o n s , 
i l l u s t r a t i n g f r o m L o r e n t z ' w o r k -

o n e may a s s u m e t h a t t h e r e i s an e t h e r i n w h i c h a 
s t a t i o n a r y s y s t e m o f c o o r d i n a t e s c a n be i m a g i n e d ; 
b u t we d o n o t n e e d a n y o f t h e s e h y p o t h e s e s i n o r d e r 
t o r e m a i n i n a c c o r d w i t h e x p e r i e n c e - t h e y a r e 
s u b j e c t i v e a p p e n d a g e s h a l v i n g n o s i g n i f i c a n c e f o r 
t h e d e p i c t i o n o f w h a t i s o b j e c t i v e . 

( S c h l i c k [ 1 9 7 9 ] , v . l , 1 7 1 , 1 7 2 ) 

T h e c r i t e r i o n he? e s t a b l i s h e s f o r c h o i c e b e t w e e n c o m p e t i n g a n d 
u n i v o c a l t h e o r i e s , o r s y s t e m s o f c o n v e n t i o n s , i s -

We? d o t h i s by s e l e c t i n g t h e o r i e s w i t h a m i n i m u m o f 
a r b i t r a r y a i s s u m p t i o n s , i n o t h e r w o r d s , t h e simplest. 
We a r e t h e n s u r e o f d i v e r g i n g f r o m r e a l i t y a t l e a s t 
no f u r t h e r t h a n i s n e c e s s i t a t e d by t h e b o u n d s o f o u r 
k n o w 1 e d g e as s u e h . 

( S c h l i c k [ 1 9 7 9 ] , v . l , 1 7 1 ) 

He p r o c e ? e d s t o c r i t i c i s e n e o - K a i n t i a n a c c o m m o d a t i o n s o f 
R e l a t i v i t y , a n d p a r t i c u l a ^ t r l y e x a m i n e s N a t o r p ' s D i e l o q i s c h e n 
Carund 1 a^qen d e r e x a ^ k t e n W i s s e n s c h a f t e n , p u b l i s h e d i n L e i p z i g i n 
1 9 1 0 . He b e g i n s b y d e m o n s t r a t i n g m i s c o n c e p t i o n s i n N a t o r p ' s 
i n t e r p r e t a t i o n o f t h e S p e c i a l T h e o r y o f F 5 ; e l a t i v i t y , a s , f o r 
e x a m p l e , i n q u o t i n g f r o m N a ^ t o r p , t h a t E i n s t e i n h a s " p r o v e d t h a t 
f o r t h e m o v i n g s y s t e m t h e v e l o c i t y C3f l i g h t i n f a c t n e c e s s a r i l y 
r e m a i i n s c o n s t a n t , i f i t i s s o i n t h e s t a t i o n a i r y s y s t e m " ( S c h l i c k 
[ 1 9 7 9 ] , v . l , 1 7 3 ) . As S c h l i c k p o i n t s o u t , " E i n s t e i n d o e s n o t 
p r o v e t h i s , b u t i n t r o d u c e s i t a s a j u s t i f i e d a s s u m p t i o n - a 
v a s t l y d i f f e r e ^ n t t h i n g ! " ( S c h l i c k [ 1 9 7 9 ] , v . l , 1 7 3 ) . He i s m o s t 
v e h e m e n t i n h i s a t t a c k on N a t o r p , h o w e v e r , o v e r N a t o r p ' s a t t e m p t 
t o r e c o n c i l e K a n t ' s , a n d N e w t o n ' s , c o n c e p t o f a b s o l u t e s p a c e a n d 
time? w i t h " t h e i r e m p i r i c a l , p h y s i c a l d e t e r m i n a t i o n , w h i c h l a t t e r 
c a n o n l y be r e l a t i v e t h r o u g h o u t . " ( S c h l i c k [ 1 9 7 9 ] , v . l , 1 7 3 ) . He 
i s a d a m a n t t h a i t 

u n d e r a l l c i r c u m s t a n c e s .. E i n s t e i n ' s t h e o r y d o e s n o t 
a d m i t t h e c o n c e p t o f a b s o l u t e t i m e e v e n a s a 
p r e s u p p o s i t i o n . 

( S c h l i c k [ 1 9 7 9 ] , v . l , 1 7 4 ) 

He i d e n t i f i e s K a n t ' s c o n c e p t s e n t i r e l y w i t h N e w t o n i a n p h y s i c s , 
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a n d c o n d e m n s t h e n e o - K a n t i a n a t t e m p t t o r e c o n c i l e t h e m t o t h e 
Theor• y o f F<e 1 a t i v i t y . 

K a n t ' s a priori f o r m o f i n t u i t i o n - t h i s c a n n o t be 
s u f f i c i e n t l y s t r e s s e d - i s Nei^tonian t i m e . And a s 
s u r e l y a s t h e p h y s i c s o f t h e r e l a t i v i t y t h e o r y i s n o t 
N e w t o n i a n p h y s i c s , s o s u r e l y i s i t i m p o s s i b l e f o r t h a t 
t h e o r y t o be f i t t e ; d i n t o t h e K a n t i a n s c h e m e , l e t a l o n e 
be d e r i v e d f r o m i t , ... C o u l d a s u p p o r t e r o f t h e K a n t i a n 
d o c t r i n e o f " t h e " t i m e , i n w h i c h we a r e o b l i g e d t o o r d e r 
a l l a p p e a r a n c e s , h a v e h e l d t o b e c o r r e c t , o r e v e n 
p r e d i c t e d , t h e p r o p o s i t i o n s o f r e l a t i v i t y t h e o r y ? 
F l o n e s t l y , now! 

( S c h l i c k [ 1 9 7 9 ] , v . l , 1 7 5 ) 

F-iis a t t a c k o n t h e n e o - K a n t i a n s i s a n a t t a c k o n s c h o l a s t i c i s m , 
w h i c h a t t e m p t s t o r e l a t e new k n o w l e d g e t o t h e s y s t e m o f 
p r e v i o u s l y e s t a b l i s h e d w i s d o m . F'or S c h l i c k t h e p r o p e r o b j e c t f o r 
p h i l o s o p h y i s " r e a l i t y a s s o m e t h i n g f i r m l y c o n f r o n t i n g s c i e n c e " , 
a n d he c o m p l e t e s h i s a d m o n i t i o n w i t h -

We d o a b e t t e r s e r v i c e t o p h i l o s o p h y , I b e l i e v e , i f 
we a r e n o t a f r a i d t o s u b j e c t o u r w e l l - l o v e d d o c t r i n e s 
t o t h e m o d i f i c a t i o n s c a l l e d f o r b y t h e p r o g r e s s o f 
k n o w l e d g e , t h a n i f we t r y u n d e r a l l c i r c u m s t a n c e s t o 
r e c o n c i l e t h e m w i t h t h e new d i s c o v e r i e s . 

( S c h l i c k [ 1 9 7 9 ] , v . l , 1 7 8 ) 

S c h l i c k i s m o r e s y m p a t h e t i c i n h i s c o n s i d e r a t i o n o f t h e 
r e l a t i o n s h i p b e t w e e n r e l a t i v i t y a n d p o s i t i v i s m . He a c k n o w l e d g e s 
t h a t " E i n s t e i n c o u l d h a r d l y h a v e a r r i v e d a t h i s t h e o r y , i f he 
h a d n o t h i m s e l f a l r e a d y b e e n t o y i n g w i t h t h e s e i d e a s 
[ p o s i t i v i s m ] , " ( S c h l i c k [ 1 9 7 9 ] , v . l , 1 7 8 , 1 7 9 ) , b u t he c r i t i c i s e s 
t h o s e p o s i t i v i s t s who c l a i m t h a t t h e T h e o r y o f R e l a t i v i t y i s a 
d i r e c t c o n s e q u e n c e o f M a c h ' s w o r k . H i s c o n c l u s i o n i s t h a t 

o u r p r i n c i p l e [ ra^ l a t i v i t y ] f i n d s a c o m f o r t a b l e b e r t h 
i n t h e p o s i t i v i s t t h e o r y o f k n o w l e d g e . B u t t h i s d o e s 
n o t e x e m p t u s f r o m e x a m i n i n g the^ d e t a i l s o f t h i s 
c o n c o r d , a n d we s h a l l f i n d o n d o i n g s o t h a t t h e 
c a p a b i l i t y o f p o s i t i v i s m i s a c t u a l l y o v e r e s t i m a t e d 
i f we t h i n k t h a t i t c o u l d s o s i m p l y h a v e g i v e n b i r t h 
t o t h e p h y s i c a l t h e o r y o f r e l a t i v i t y , a n d t h u s c a n 
h a v e n o t h i n g m o r e t o l e a r n f r o m i t . 

( S c h l i c k [ 1 9 7 9 ] , v . l , 1 7 9 ) 

S c h l i c k , t h e l o g i c a l 1 a n a l y s t , i s o p p o s e d t o a l l f o r m s o f 
s c h o l a s t i c i s m w h i c h s e e k t o c l a r i f y t h r o u g h r e l a t i o n t o t h e 
p r e v i o u s l y a c c e p t e d . S c h l i c k w i l l a c c e p t a p p e a l o n l y t o t h e 
p h y s i c a l l y v e r i f i a b l e a n d e m p i r i c a l l y r e a l . When he t o o k u p o n 
h i m s e l f t h e task o f r e v i e w i n g C a s s i r e r ' s a n d R e i c h e n b a c h ' s 
c o n t r i b u t i o n s t o t h e e p i s t e m o l o g y o f r e l a t i v i t y , i t was 
t h e r e f o r e i n e v i t a b l e t h a t he w o u l d c r i t i c i s e a n y a t t e m p t s t h e y 
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maxde t o r e l a i t e ? i t t o K a n t ' s p h i l o s o p h y . 

I n h i s a r t i c l e i n 1 9 2 1 i n K a n t S t u d i e n 2 6 , e n t i t l e d 
" K r i t i z i s t i s c h e o d e r e m p i r i s t i s c h e ? D e u t u n g d e r n e u e n P h y s i k ? " , 
S c h l i c k i n t e r p r e t s t h e e s s e n t i a l s o f K a n t ' s m e t h o d o f l o g i c a l 
i d e a l i s m . 

A i l e x a c t s c i e n c e ... r e s t s u p o n o b s e r v a t i o n s a n d 
m e ? a s u r e m e n t s . B u t m e r e s e n s a t i o n s and p e r c e p t i o n s 
a i r e not. y e t o b s e r v a t i o n s amd m e a s u r e m e n t s 5 t h e y 
o n l y become s o by tae?ing o r d e r e d a n d i n t e r p r e t e d . 
T h u s t h e f o r m i n g o f c o n c e p t s o f p h y s i c a l o b j e c t s 
u n q u e s t i o n a b l y p r e s u p p o s e s c e r t a i n p r i n c i p l e s o f 
o r d e r i n g a n d i n t e r p r e t a t i o n . Now I s e e t h e e s s e n c e 
o f t h e c r i t i c a l v i e w p o i n t [ K a n t ' s m e t h o d ] i n t h e 
c l a i m t h a t t h e s e c o n s t i t u t i v e p j r i n c i p l e s a r e 
synthetic a priori j u d g e m e n t s , i n w h i c h t h e c o n c e p t 
o f t h e c! priori h a s t h e p r o p e r t y o f a i p o d e i c t i c i t y 
..... i n s e p a i r a b l y a t t a c h e d t o i t . 

( S c h l i c k [ 1 9 7 9 ] , v . l , 3 2 3 ) 

H i s a r g u m e n t t h a t f o l l o w s f r o m t h i s i s t h a t K a i n t i a n i s m i s n o t 
u n i q u e i n m a i n t a i n i n g t h e n e c e s s i t y o f c o n s t i t u t i v e p r i n c i p l e s , 
and, f o r e x a i m p l e , "An e m p i r i c i s t .. c a n v e r y w e l l a c k n o w l e d g e 
t h e ' p r e s e n c e o f s u c h p r i n c i p l e s " ( S c h l i c k [ 1 9 7 9 ] , v . l , 3 2 4 ) . I t 
i s t h e c o n c e p t o f a p o d 6 ? i c t i c a - p r i o r i p r i n c i p l e s t h a t i s t h e 
e s s e n c e o f K a n t i a n i s m , a n d t h e s e h a v e b e e n d e m o n s t r a t e d a s 
u n s o u n d by t h e d e v e l o p m e n t o f s c i e n c e s i n c e K a n t . T h u s , S c h l i c k , 
c o m m e n d i n g C a ^ s s i r e r o n h i s s c h o l a r s h i p , c r i t i c i s e s h i m f o r g o i n g 
b e y o n d t l i e p r o p e r s u b j e c t o f p h i l o s o p h y , — w h i c h i s t h e 
u n f e t t e r e d a n a x l y s i s o f s c i e n c e -, by a t t e m p t i n g t o r e - h a b i l i t a t e 
K a n t i n ax d i l u t e d f o r m . H i s c r i t i c i s m o f R e e i c h e n b a c h i s g e n t l e r , 
a n d f o l l o w s a c o r r e s p o n d e n c e b e t w e e n t h e t w o o f t h e m i n w h i c h 
the?y €?ach a p p r e c i a t e d t h a t t h e i r a p p r o a c h t o p h i l o s o p h y had much 
i n common. He i s , h o w e v e r , c r i t i c a l o f R e i c h e n b a c h ' s a t t e m p t t o 
r e d e f i n e ? K a n t ' s a - p r i o r i p r i n c i p l e s , axnd he w o u l d d e s i g n a t e 
R e i c h e n b a i c h ' 5 c o o r d i n a t i v e d e f i n i t i o n s " a s c o n v e n t i o n s , i n 
Po i n c a r e ' s s e n s e " ( S c h 1 i c k [ 1 9 7 9 ] , v . 1 , 3 3 3 ) . 

Thomas Ryckmaxn h a s c o n t r a s t e d t h e d e v e l o p m e n t o f S c h l i c k ' s 
e p i s t e m o i o g y w i t h t h a t o f C a s s i r e r i n h i s a i r t i c l e "Conditio Sine 
Qua Nc<n? Zuordnung i n t h e E a r l y E p i s t e m o l o g i e s of C a s s i r e r a n d 
S c h l i c k " i n S y n t h e s e 8 8 ; 5 7 - 9 5 , 1 9 9 1 . 

J . A l b e r t o C o f f a i n TTie_ S e m a n t i c T r a d i t i o n f r o m K a n t t o C a i r n a p . 
To t h e 'v'ie?nna S t a t i o n [ 1 9 9 1 ] t r a c e s t h e c o r r e s p o n d e ? n c e b e t w e e n 
S c h l i c k a n d R e i c h e n b a c h i n 1 9 2 0 , w h i c h m a r k s a s i g n i f i c a n t 
c h a n g e i n R e i c h e n b a c h ' s a p p r o a c h to p h i l o s o p h y . As C o f f a 
o b s e r v e j s -

F;eichBnbach' s m a i n p r o b l e m was t h a t h i s a c c o u n t of t h e 
a p r i o r i h a d made i t v i r t u a l l y i n d i s t i n g u i s h a b l e f r o m 
t h e e m p i r i c a l , .... he h a d t w o o p t i o n s : to f o l l o w t h e 
p o s i t i v i s t s or to d r o p t h a t d i s t i n c t i o n a n d t r y S c h l i c k ' s 



s u g g e s t i o n t h a t i t be e x p l i c a t e d o n the? b a s i s o f t h e 
n o t i o n o f c o n v e n t i o n , R e i c h e n b a c h c h o s e t h e l a t t e r , a n d 
a d e c a d e l a t e r h a d become t h e m o s t e l o q u e n t p r o p o n e n t 
o f r e l a t i v i s t i c c o n v e n t i o n a l i s m . 

( C o f f a [ 1 9 9 1 ] , 2 0 3 ) 

F i e i c h e n b a c h ' s s u b s e q u e n t w r i t i n g s c e r t a i n l y a r e m a r k e d by a 
r e l a t i v e a b s e n c e o f r e f e r e n c e t o K a n t ' s p h i l o s o p h y , o r t o o t h e r 
p h i l o s o p h i c a l t r a d i t i o n s . He i s c o n c e r n e d t o i n v e s t i g a t e t h e 
s u b j e c t i n h a n d b y m e t h o d i c a l a n a l y s i s o f t h e e m p i r i c a l f a c t s . 
D e s p i t e t h i s a p p a r e n t d e p a r t u r e f r o m h i s K a n t i a n h e r i t a g e , h i s 
t h o r o u g h - g o i n g c o n c e r n f o r d e t a i l i s r e m i n i s c e n t o f K a n t ' s 
p a i n s t a k i n g m e t h o d o f i n v e s t i q a x t i o n ? he d e p a r t s f r o m K a n t o n l y 
i n a s m u c h a s he maikes n o a p p e a l t o a p o d e i c i t y i n a " C o n t e x t o f 
J u s t i f i c a t i o n " . 
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C h a p t e r 

THE PHILOSOPHY OF SPACE AND TIME (PST) [ 1 9 2 8 ] 

3-fi 8£L!!:-.!I R e i c h e n b a c h had a t t e m p t e d a r e c o n c i l i a t i o n o f Ka n t ' s 
c r i t i c a l £\nalysis w i t h t h e i n t r o d u c t i o n o f t h e Th e o r y o f 
R e l a t i v i t y , , by r e p l a c i n g t h e K a n t i a n c o n c e p t o f t h e a - p r i o r i 
w i t h t h e c o n c e p t o f an e v o l v i n g s y s t e m o f c o - o r d i n a t i v e 
d e f i n i t i o n s . I n PST, R e i c h e n b a c h ' s p u r p o s e i s d i f f e r e n t , i n t h a t 
he p r o v i d e s a s y s t e m a t i c a n a l y s i s o f t h e s p a t i a l and t e m p o r a l 
c o n c e p t s s a p p i i c a b l e t o p o s t - r e l a t i v i s t i c p h y s i c s . Thus he b e g i n s 
w i t h Space, t h e n c o n s i d e r s Time, and f i n a l l y e xamines t h e i r 
k i n e m a t i c r e i a t i o n s h i p . 

H i s a p p r o a c h t o t h e t a s k , 
schemes, o r C a s s i r e r who 
c o n c e p t u a l d e v e l o p m e n t , i s 
s l e e v e s and e x a m i n e s a l l 
attention„ 

u n l i k e Kant who f o l l o w e d a l o g i c a l 
s c h o l a r l y f o l l o w e d t h e h i s t o r i c a l 
o f an e n g i n e e r who r o l l s up h i s 

a s p e c t s o f h i s s u b j e c t w i t h c l o s e 

S£/a.c_e 

I n e x a m i n i n g space he i s c o n c e r n e d w i t h g e o m e t r y and m e t r i c a l 
p r o p e r t i e s . , and aft£?r p r o v i d i n g an e x p o s i t i o n o f p o t e n t i a l 
s y s t e m s o f g e o m e t r y and t o p o l o g y t h a t may be a p p l i c a b l e t o 
e m p i r i c a l s p a c e , he a s k s how we a r e t o d e c i d e w h i c h s y s t e m s a r e 
r e l e v a n t . H a v i n g e s t a b l i s h e d i n RAK t h a t t h e g e o m e t r y o f space 
i s n o t a - - p r i o r i v a l i d , " i t becomes now a t a s k o f p h y s i c s t o 
d e t e r m i n e t h e g e o m e t r y o f p h y s i c a l s p a c e " ( R e i c h e n b a c h [ 1 9 5 8 ] , 
6 ) , b u t i t i s the? t a s k o f p h i l o s o p h y , and PST i n p a r t i c u l a r , t o 
d e t e r m i n e t h e c r i t e r i a t h a t p h y s i c s can employ i n coming t o a 
decision„ 

He was i n t e r e s t e d i n g e o m e t r y . As a s t u d e n t he a t t e n d e d l e c t u r e s 
by H i l b e r t who had d e v e l o p 6 ? d a g e n e r a l i s e d g e o m e t r y as a system 
o f a l g e b r a i c r u l e s o r l o g i c a l o p e r a t o r s . He t h u s d e l i g h t s i n 
p r o v i d i n g e x p l a n a t i o n s o f n o n - e u c 1 i d e a n g e o m e t r i e s and g i v i n g 
i l l u s t r a t i o n s o f p h y s i c a l w o r l d s i n w h i c h t h e s e c o u l d a p p l y . 
As C a s s i r e r doe^s, R e i c h e n b a c h a c c e j p t s t h e i d e a t h a t a s y s t e m o f 
g e o m e t r y i s a s e l f - c o n t a i n e d s y s t e m w h i c h need bear no 
r e l a t i o n s h i p t o t h e a c t u a l me?asursd p r o p e r t i e s o f p h y s i c a l 
s p a c e , t h e s o l e c r i t e r i o n t h a t i t s h o u l d f u l f i l i s t h a t i t 
s h o u l d be s e l f - c o n s i s t e n t . F e l i x K l e i n , a t the; t u r n o f t h e 
C e n t u r y , had d e m o n s t r a t e d t h a t s e v e r a l g e o m e t r i e s c o u l d be 
c o - o r d i n a t e d t o £?ach o t h e r so t h a t a r e l a t i o n s h i p d e m o n s t r a t e d 
i n one s y s t e m c o u l d be i n t e r p r e t e d t h r o u g h t h i s c o - o r d i n a t i o n t o 
a c o r r e s p o n d i n g r e l a t i o n s h i p i n a n o t h e r g e o m e t r y . H i l b e r t 
c o n s e q u e n t l y had i l l u s t r a t e d t h i s c o r r e s p o n d e n c e t h r o u g h h i s 
l o g i c a l f o r m a l i s m o f g e o m e t r i c a l o p e r a t o r s . R e i c h e n b a c h , av*jare 
o f t h e re?ader's f a m i l i a r i t y w i t h t h e a p p l i c a b i l i t y o f t h e 
E u c l i d e a n g e o m e t r i c a l s y s t e m t o t h e i m m e d i a t e p h y s i c a l 
environme-Ti t , i l l u s t r a t e s how i t c o u l d be q u i t e n a t u r a l t o a c c e p t 
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a g e o m e t r y w h i c h c o n t a i n e d t h e c o n c e p t o f t h e s t r a i g h t l i n e 
w h i l s t r e j e c t i n g t h e i d e a o f p a r a l l e l s t r a i g h t l i n e s . H i s 
exa m p l e o f someone on a s p h e r i c a l s u r f a c e f o r whom s t r a i g h t 
l i n e s w o u l d be t h e g r e a t c i r c l e s , ( t h a t i s c i r c l e s on t h e 
s u r f a c e o f t h e s p h e r e w h i c h a r e c e n t r e d a t t h e s p h e r i c a l 
c e n t r e ) , w o u l d a p p r e c i a t e t h a t a l l s u c h s t r a i g h t l i n e s 
n e c e s s a r i l y i n t e r s e c t e ach o t h e r a t two p o i n t s . The g e o m e t r y on 
t h e s p h e r e v j o u l d be e n t i r e l y c o n s i s t e n t , b u t i t w o u l d n o t be 
E u c l i d e a n , , and i t w o u l d g i v e us no p a r t i c u l a r d i f f i c u l t i e s i n 
w o r k i n q w i t h i t . 

R e i c h e n b a c h w i s h e s t o move i n t o p o s t - r e l a t i v i s t i c g e o m e t r y , 
however, and he d i r e c t s t h e r e a d e r t o Riemann's s y s t e m w h i c h 
a p p r o a c h e s g e o m e t r y f r o m t h e m e t r i c r a i t h e r t h a n f r o m axioms o f 
r e l a t i o n s h i p . He e x p l a i n s how u s i n g t h e m e t r i c we a r e a b l e t o 
make d e d u c t i o n s a b o u t t h e c u r v a t u r e o f s u r f a c e s as i n t h e 
example j u s t d e s c r i b e d o f g e o m e t r y on a s p h e r i c a l s u r f a c e . F or 
e x a m p l e , t h e r e i a x t i o n s h i p between c i r c u m f e r e n c e and d i a m e t e r o f 
a c i r c l e w o u l d n o t be a c o n s t a n t " p i " as on a p l a n e E u c l i d e a n 
s u r f a c e . The r s i t i o on a s p h e r i c a l s u r f a c e a c t u a l l y d e c r e a s e s t o 
a l i m i t i n g v a l u e o f "2" as t h e c i r c l e g e t s b i g g e r . 

H a v i n g e q u i p p e d t h e r e a d e r w i t h a d e q u a t e g e o m e t r i c a l e n g i n e e r i n g 
t o o l s , R e i c h e n b a c h s e t s o u t a p h y s i c a l s i t u a t i o n f o r 
c o n s i d e r a t i o n . He c o n s i d e r s a p l a n e g l a s s s u r f a c e w h i c h c o n t a i n s 
i n i t a l a r g e h e m i s p h e r i c a l hump. Below i t i s a se c o n d , a l b e i t 
o paque, p l a n e s u r f a c e . He c o n s i d e r s t h e r e s p o n s e o f p e o p l e 
l i v i n g e x c l u s i v e l y on each o f t h e s e s u r f a c e s . The p e o p l e on t h e 
g l a s s p l a n e e q u i p p e d w i t h t h e i r m e a s u r i n g r o d s w o u l d c o n c l u d e 
t h a t t h e y were l i v i n g on a s u r f a c e w i t h a hump i n i t ^ t h e y v^jould 
a r r i v e a t t h i s c o n c l u s i o n by n o t i n g t h e d i f f e r e n c e s between 
t h e i r measuremesnts and t h e e x p e c t e d v a l u t a s o f p l a n e E u c l i d e a n 
g e o m e t r y . R e i c h e n b a c h a l s o n o t e s t h a t i f , as t h e p e o p l e on t h e 
g l a s s p l a n e move o v e r t h e i r hump w i t h t h e i r u n i t m e a s u r i n g r o d s , 
shadows a r e cast. down o n t o t h e opaque p l a n e b elow, t h e n t h e 
p r o j e c t e d shadow l e n g t h s on t h e opaque p l a n e w o u l d v a r y w i t h 
p o s i t i o n u n d e r t h e "hump". Thus u n d e r t h e c e n t r e o f t h e hump t h e 
p r o j e c t e d shadow l e n g t h o f a u n i t r o d w o u l d a l m o s t be e q u a l t o 
t h e r o d i t s e l f , w h e r e a s u n d e r t h e s t e e p e s t s l o p e o f t h e hump t h e 
p r o j e c t e d shadow l e n t h s w o u l d be much s h o r t e r . 

Reichenbaich moves t o t h e i n h a t b i t a n t s o f t h e p l a n e opaque 
s u r f a c e . He now i n t r o d u c e s a s t r a n g e c o n d i t i o n on p h y s i c a l 
b e h a v i o u r on t h a t s u r f a c e , namely t h a t a l l o b j e c t s i n c l u d i n g t h e 
u n i t r o d s used on t h a t s u r f a c e f o r e s h o r t e n t o t h e l e n g t h s o f t h e 
p r o j e c t e d shadows f r o m t h e g l a s s s u r f a c e above. The i n h a b i t a n t s 
v>jould t h e n e v i d e n t l y f o r m t h e same c o n c l u s i o n s a b o u t t h e i r 
s u r f a c e as had the; i n h a b i t a n t s o f t h e g l a s s s u r f a c e a b o u t 
t h e i r s . They w o u l d c o n c l u d e t h a i t t h e y had a hump i n t h e m i d d l e 
o f t h e i r s u r f a c e . 

I f on t h e o t h e r hand t h e y b e l i e v e d t h e y l i v e d on a p l a n e s u r f a c e 
t h e y w o u l d have t o e x p l a i n why t h e i r measurements were 
a p p a r e n t l y d i s t o r t e d . T h i s w o u l d r e q u i r e t h a t some f o r c e was a t 
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work w h i c h a f f e c t e d measurements o v e r a c e r t a i n a r e a o f t h e 
s u r f a c e . I n t h i s c a s e i t s h o u l d be p o s s i b l e t o i d e n t i f y t h e 
force? B.t w o r k . I f , f o r ex a m p l e , t h e d i s t o r t i n g f o r c e was caused 
by h e a t , t h e n i t s h o u l d be p o s s i b l e t o d e t e c t o t h e r e f f e c t s , and 
we c o u l d e x p e c t t h a t d i f f e r e n t m a t e r i a l s v^jould be a f f e c t e d i n 
d i f f e r e n t measure, - f o r example t h e e f f e c t on a c o p p e r r u l e r 
w o u l d be d i f f e r e n t f r o m t h a t on a wooden r u l e r . R e i c h e n b a c h 
c a l l s s u c h a f o r c e a " d i f f e r e n t i a l " f o r c e , t h a t i s one whose 
d i f f e r e n t i a l e f f e c t s can be r e l a t e d t o o t h e r e m p i r i c a l f a c t o r s . 
I n t h e e x a m p l e i l l u s t r a t e d , however, t h e n a t u r e o f t h e 
d i s t o r t i o n v^ould n o t a l l o w o f an e x p l a n a t i o n by d i f f e ? r e n t i a l 
f o r c e s , and t h e r e f o r e t h e i n h a b i t a n t s o f t h e opaque s u r f a c e , 
c l i n g i n g t o t h e i d e a t h a t t h e s u r f a c e was p l a n e , w o u l d 
n e c e s s a r i l y need t o i n v o k e what R e i c h e n b a c h c a l l s a " u n i v e r s a l " 
f o r c e , w h i c h i s a f o r c e a f f 6 ? c t i n q a l l m a t e r i a l s i n t h e same way. 

R e i c h e n b a c h u s e s t h i s i l l u s t r a t i o n t o h e l p c l a r i f y two i s s u e s ; 
f i r s t l y , t o d e t e r m i n e t h e f a c t o r s t h a t e n a b l e a d e c i s i o n t o be 
made a b o u t t h e g e o m e t r y o f s p a c e , and s e c o n d l y t o i n t r o d u c e t h e 
i d e a o f u n i v e r s a l f o r c e s . R e t u r n i n g t o t h e example, we f i n d 
o u r s e ? l v e s u n a b l e t o p r o v i d e an unambiguous answer t o t h e 
q u e s t i o n o f t h e g e o m e t r y o f t h e opaque s u r f a c e , and 
R e i c h e n b i j c h ' s a s s e s s m e n t i s -

I s i t m e a n i n g f u l t o a s s e r t g e o m e t r i c a l d i f f e r e n c e s 
w i t h r e s p e c t t o r e a l s u r f a c e s ? T h i s p e c u l i a r 
i n d e t e r m i n s i c y o f t h e p r o b l e m o f p h y s i c a l g e o m e t r y 
i s an i n d i c a t i o n t h a t s o m e t h i n g was o m i t t e d i n t h e 
f o r m u l a t i o n o f t h e p r o b l e r r i . 

( R e i c h e n b a c h [ 1 9 5 8 ] , 13) 

H i s r e ? t o r t t o t h i s , r e t u r n i n g t o t h e c o n c l u s i o n s o f RAK, i s t h a t 
we r e q u i r e a " c o o r d i n a t i v e d e f i n i t i o n " . I n t h i s c a s e we need a 
c o o r d i n a t i v e d e f i n i t i o n o f a u n i t o f l e n g t h as w e l l as o f a 
r i c j i d body. A c o o r d i n a t i v e ? d e f i n i t i o n i s e q u i v a l e n t t o K a n t ' s 
a ~ p r i o r i r u l e , an a c t o f j u d g m e n t t h r o u g h w h i c h we can impose 
f o r m on t h e e m p i r i c a l w o r l d . F o r R e i c h e n b a c h , a c o o r d i n a t i v e 
d e ? f i n i t i o n i s a r b i t r a r y , e x c e p t i n c j for" t h e r e q u i r e m e n t - as 
C a s s i r e r w o u l d e x p r e s s i t - o f i t s b e i n g u s e f u l and p r o v i d i n g 
c o n s i s t e n t r e s u l t s i n i t s a p p l i c a t i o n . Reiche?nbach d e m o n s t r a t e s 
t h a t we need a p h y s i c a l body as a s t a n d a r d f o r a m e a s u r e o f 
l e n g t h t o w h i c h we add the? d e f i n i t i o n t h a t by w h a t e v e r means i t 
i s t r a n s p o r t e d i t r e p r e s e n t s t h e same u n i t o f mieasure a t any 
p o i n t o f s p a c e . T h i s d e f i n i t i o n doe?s n o t a r i s e f r o m a m e a s u r a b l e 
p r o p e r t y o f s p a c e , b u t i n i t s e l f i s a p r e - r e q u i s i t e f o r 
c o m p a r i n g l e n g t h a t d i f f e r e n t p o i n t s . I t does r e l y f o r i t s 
u s e ? f u l n e s s , however, on an e m p i r i c a l p r o p e r t y t h a t i f two b o d i e s 
have t h e same? le?ngth a t one p o i n t t h e n t h e y w i l l have t h e same 
l e n g t h a t e v e r y o t h e r p o i n t i r r e s p e c t i v e o f t h e s p a t i a l r o u t e 
e a ch has t a k e n , p r o v i d e d t h a t t h e e f f e c t s o f d i f f e r e n t i a l f o r c e s 
a r e a l l o w e d f o r . I f t h i s d i d n o t a p p l y t h e n t h e d e f i n i t i o n o f 
u n i t o f measure w o u l d have l i t t l e p r a c t i c a l u s e f u l n e s s ; 
e f f e c t i v e l y i t w o u l d p r o v i d e us w i t h a n o n - u n i q u e s y s t e m o f 
measure, as Reichentaach s u m m a r i s e s -
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t h e f a c t u a l r e l a t i o n s h o l d i n g f o r a l o c a l 
c o m p a r i s o n o f r o d s , t h o u g h t h e y do n o t r e q u i r e t h e 
d e f i n i t i o n o f c o n g r u e n c e i n t e r m s o f t r a n s p o r t e d 
r o d s , make t h i s d e f i n i t i o n a d m i s s i b l e . D e f i n i t i o n s 
t h a t a r e n o t u n i q u e a r e i n a d m i s s i b l e i n a 
s c i e n t i f i c s y s t e m . ... I t i s a g a i n a m a t t e r o f 
f a c t tha.t o u r w o r i d sd/Dits of a s i m p i e d e f i n i t i o n 
o f congruence- because o f the- f a c t u a l relations 
holding far t h e b e h a v i o u r o f rigid rods; but this 
f a c t does n o t d e p r i v e t h e simple- definition of its 
de f i nitiana1 cha r a cte r. 

( R e i c h e n b a c h [ 1 9 5 8 ] , 17) 

R e t u r n i n g m o m e n t a r i l y t o t h e opaque s u r f a c e w i t h o u r d e f i n i t i o n 
o f l e n g t h and c o n g r u e n c e we w o u l d be o b l i g e d t o c o n c l u d e t h a t we 
have a p l a n e s u r f a c e w i t h a h e m i s p h e r i c a l hump i n i t . 

The geometrical form of a body is no absolute 
datum o f e x p e r i e n c e b u t depends on a preceding 
coordina t i ve de f i n i t i o n 

(Re i c hen bac h [ 1 9 5 8 ] , 18) 

We c o u l d have p r o v i d e d a d i f f e r e n t d e f i n i t i o n , and R e i c h e n b a c h 
i n d i c a t e s pe^rhaps b i z a r r e l y , t h a t we c o u l d c a l l a m e a s u r i n g r o d 
h a l f i t s l e n g t h a f t e r p u t t i n g i t down t w i c e and a t h i r d o f i t s 
l e n g t h a f t e r p u t t i n g i t down t h r e e times,, and so on, b u t t h e 
g e o m e t r i c a l c o n c l u s i o n s w o u l d be q u i t e d i f f e r e n t . T h i s i s n o t a 
good e x a m p l e , h owever, as we w o u l d be u n a b l e t o p r o v i d e any 
c o n s i s t e n t g e o m e t r y w h a t s o e v e r w i t h t h i s d e f i n i t i o n . 

To c o n c l u d e t h e c o o r d i n a t i v e d e f i n i t i o n s ; o f ineasure r e q u i r e d t o 
e s t a b l i s h t h e g e o m e t r y o f a s p a c e , f \ e i c h e n b a c h , w i t h h i s 
e n g i n e e r ' s t h o r o u g h n e s s , i n s i s t s t h a t we c o n s i d e r what we mean 
by a r i g i d body as used i n a s t a n d a r d r u l e r f o r i n s t a n c e . H i s 
d e f i n i t i o n i s -

Rigid bodies are solid bodies w h i c h a r e n o t affected 
by differential forces, or concerning w h i c h t h e 
i n f l u e n c e o f differential forces has been eliminated 
by c o r r e c t i o n s ; u n i v e r s a i f o r c e s a r e disregarded, 

iRe i c hen bach [ 1 9 5 8 ] , 22) 

E f f e c t i v e l y t h e r i g i d body used as a u n i t o f measure i s a 
" c l o s e d s y s t e m " , u n a f f e c t e d by t h e d i f f e r e n t i a l f o r c e s i n i t s 
e n v i r o n m e n t . These d e f i n i t i o n s , as R e i c h e n b a c h p o i n t s o u t , a r e 
o f f u n d a m e n t a l i m p o r t a n c e 

T h i s d e f i n i t i o n o f t h e r i g i d body i s n o t e x p l i c i t l y 
g i v e n i n t h e l i t e r a t u r e o f p h y s i c s , b u t i t i s t h a t 
d e f i n i t i o n on w h i c h t h e w h o l e s y s t e m o f p h y s i c s 
i s b a s e d . W i t h a d i f f e r e n t d e f i n i t i o n p h y s i c a l 
l a w s w o u l d g e n e r a l l y chainge? t h i s f o l l o w s f r o m t h e 
f a c t t h a t i n t h e d i m e n s i o n s o f t h e f u n d a m e n t a l 
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p h y s i c a l m a g n i t u d e s , s u c h as f o r c e and e n e r g y , t h e 
c o n c e p t o f l e n g t h o c c u r s ; t h u s t h e v a l u e s o f t h e s e 
magnitude?s depend on t h e d e f i n i t i o n o f c o n g r u e n c e . 
I t must n o t be a r g u e d , however, t h a t c o n v e r s e l y t h e 
" t r u t h " o f o u r d e f i n i t i o n o f congrue?nce can be 
i n f e r r e d f r o m t h e t r u t h o f p h y s i c a l l a w s . The t r u t h 
o f t h e p h y s i c a l l a w s can o n l y be a s s e r t e d u n d e r 
the^ a s s u r f i p t i o n o f a d e f i n i t i o n o f c o n g r u e n c e ; the 
i a w s a r e true r e l a t i v e t o the desfinition of c o n g r u e n c e 
by means o f r i g i d b o d i e s . 

( R e i c h e n b a c h [ 1958 ] , 23) 

Re?ichentaach, as a c a r e f u l t e a c h e r , r e t u r n s t o t h e s t a t u s o f t h e 
c o o r d i n a t i v e d e f i n i t i o n s t o e mphasise t h e i r l o g i c a l s t a t u s f o r 
s c i e n c e . I n h i s p e r s i s t e n c e ? a t l o o k i n g a t a l l a s p e c t s o f t h e 
p r o b l e m a\nd c o u n t e r i n g p o s s i b l e m i s u n d e r s t a n d i n g , h i s a p p r o a c h 
i s s i F T i i l a r t o K a n t i n t h e C r i t i q u e o f P u r e Reason. L i k e K a n t , he 
i s e x a m i n i n g t h e p r e r e q u i s i t e s f o r e m p i r i c a l k n o w l e d g e , and he 
a l s o a c k n o w l e d g e s the? p r i m a c y o f t h e g e o m e ? t r i c a l s t r u c t u r e we 
impose. He has t h e b e n e f i t o f t h e d e v e l o p m e n t o f a l t e r n a t i v e 
g e o m e t r i e s p o s t - K a n t v j h i c h e m p h a s i s e t h a t o u r s p a t i a l knovMledge 
i s f o u n d e d o n c o o r d i n a t i o n s we ch o o s e , b u t w h i c h a l s o remove t h e 
a p o d e ? i c t i c ne?ce;ssity f o r a s p e c i f i c g£?ometry h a v i n g a - p r i o r i 
s t a t u s . I t i s p r o b a b l e t h a t a T w e n t i e t h C e n t u r y Kant w o u l d have 
a p p r o a c h e d t h i s s u b j e c t i n a s i m i l a r f a s h i o n . 

The c l a r i f i c a t i o n t h a t R e i c h e n b a c h w i s h e s t o make i s o v e r t h e 
s t a t u s o f t h e v e r i f i a b i 1 i t y o f t h e c o o r d i n a t i v e d e f i n i t i o n s as 
opposed t o measurement p r o b l e m s o f "objective indeterminsncy". 
An e x a m p l e o f t h e l a t t e r , eis a t e c h n i c a l i m p o s s i b i l i t y , i s a 
measure o f " t h e number o f m o l e c u l e s i n a c u b i c c e n t i m e t r e o f 
a i r " , where i t i s beyond o u r means t o a c h i e v e t h i s c o u n t 
a l t h o u g h "we must say tha\t t h e r e i - j i l l a l w a y s be an i n t e g e r w h i c h 
d e n o t e s t h i s q u a n t i t y e x a c t l y . " ( R e i c h e n b a c h [ 1958 ] , 28 ) . A 
C D o r d i n a t i v e d e f i n i t i o n on t h e o t h e r hand can n o t be v e r i f i e d ; 
l o g i c a l l y i t i s an i m p o s s i b i l i t y . I t i s n o t p o s s i b l e t o v e r i f y 
thavt ax staxndard u n i t o f l e n g t h r e m a i n s unchanged a t d i f f e r e n t 
p o s i t i o n s . The c o o r d i n a t i v e d e ? f i n i t i o n s a r e n e c e s s a r y f o r 
d e t e r m i n i n g t h e e m p i r i c a l ! p r o p e r t i e s o f s p a c e . R e i c h e n b a c h , 
however, does a c k n o w l e d g e t h a t -

once the? c o o r d i n a t i v e d e f i n i t i o n i s g i v e n , t h e 
t e c h n i c a l i m p o s s i b i l i t y o f an e?xact measurement 
r e m a i n s . Even o u r d e f i n i t i o n o f t h e r i g i d body 
does n o t p e r m i t a s t r i c t d e t e r m i n a t i o n o f t h e 
s t r u c t u r e o f s p a c e ; a l l o u r measurements w i l l 
s t i l l c o n t a i n some degree? o f i n e x a c t n e s s w h i c h 
a p r o g r e s s i v e t e c h n i q u e w i l l g r a d u a i l l y r e d u c e 
taut n e v e r overcome?. 

( R e i c h e n b a c h [ 1958 ] , 29,30) 

T h i s l a t t e r p o i n t i s nc3t t o b e p u r s u e d i n PST, as t h e s u b j e c t o f 
e s m p i r i c a l v e r i f i a b i 1 i t y i s t h e s u b j e c t o f l a i t e r w o r k s . The o t h e r 
s u b j e c t w h i c h Reich6?nbach has i n t r o d u c e d and r e q u i r e s f u r t h e r 
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e l u c i d a t i o n , however, i s t h e c o n c e p t o f " u n i v e r s a l f o r c e s " . 

A " d i f f e r e n t i a l f o r c e " c a u s e s measuraibly d i f f e r e n t e f f e c t s i n 
d i f f e r e n t m a t e r i a l s . F o r e x a m p l e , h e a t causes d i f f e r e n t 
e x p a n s i o n s i n d i f f e r e n t m a t e r i a l s , and m a g n e t i c f o r c e s a f f e c t 
d i f f e r e n t m a t e r i a l s t o d i f f e r e n t d e g r e e s - R e i c h e n b a c h d e v i s e s a 
s i m p l e i n s t r u m e n t w h i c h can be used t o s e a r c h f o r some 
d i f f e r e n t i a l f o r c e s ( e . g . h e a t ) , b u t w h i c h can a l s o be used t o 
i n v e s t i g a t e l o c a l s p a t i a l g e o m e t r y . He p r o v i d e s us w i t h a c i r c l e 
o f w i r e w i t h a w i r e d i a m e t e r spoke f i x e d t o t h e c i r u m f e r e n c e a t 
one end b u t w i t h t h e o t h e r end f r e e l y r e s t i n g a g a i n s t t h e 
c i r c u m f e r e n c e . I f t h i s d e v i c e i s p l a c e d o v e r a h e a t s o u r c e , t h e 
h i g h e r t e m p e r a t u r e i n t h e spoke w i l l cause i t t o expand more 
t h a n t h e c i r c u m f e r e n t i a l r i n g and t h e f r e e end o f t h e spoke w i l l 
e x t e n d o u t s i d e the? r i n g . I f t h i s d e v i c e were moved o v e r a 
s u r f a c e ; o f v a r y i n g c u r v a t u r e , however, s i m i l a r e f f e c t s c o u l d be 
o b s e r v e d . F o r exaimple on ai plame s u r f a c e t h e f r e e end o f t h e 
s p oke w o u l d c o i n c i d e w i t h t h e c i r c u m f e r e n c e , b u t on a s p h e r i c a l 
s u r f a i c e t h e f r e e end w o u l d move i n s i d e t h e c i r c l e , and t h e 
g r e a t e r t h e d e g r e e o f c u r v a t u r e i n t h e s u r f a c e r e l a t i v e t o t h e 
s i z e o f t h e c i r c u l a \ r w i r e t h e f u r t h e r away f r o m t h e 
c i r c u m f e r e n c e i s t h e f r e e end o f t h e s p o k e . Thus we c o u l d 
e n v i s a g e s p a t i a l g e o m e t r y and a s p e c i f i c e m p i r i c a l f o r c e 
p r o v i d i n g us w i t h s i m i l a r r e s u l t s , e x c e p t i n g thaxt i f we now 
r e p e a t t h e s e me?as5urements w i t h a s i , T i i l a r d e v i c e made f r o m a 
d i f f e r e n t m a t e r i a i l , - c o p p e r as opposed t o s t e e l , say t h e 
e f f e c t s o f moving o v e r a heat. s o u r c e w i l l r e g i s t e r d i f f e r e n t 
m easurements o f d i s p 1 atcement o f t h e f r e e end o f t h e spoke due t o 
t h e d i f f e r e n t c o e f f i c i e n t s o f e x p a n s i o n o f t h e d i f f e r e n t 
m a t e r i a l s . I n t h e c a s e o f moving o v e r a c u r v e d s p a c e , however, 
t h e t w o d e v i c e s o f d i f f e r e n t m a t e r i a l s w o u l d r e c o r d e x a c t l y t h e 
same measures o f d i s p l a n c e m s n t , Thus a l t h o u g h t h e example w i t h 
t h e h e a t s o u r c e can be i n t e r p r e t e d as a consequence o f a 
d i f f e r 6 3 n t i a l f o r c e b e i n g p r e s e n t , - h e a t -, t h e £jxample o f t h e 
c u r v e d spasce c o u l d be i n t e r p r e t e d as a s p a t i a l p r o p e r t y , o r as a 
c o n s e q u e n c e o f t h e p r e s e n c e o f a u n i v e r s a x l f o r c e . 

The d i s t i n c t i o n betvjeen u n i v e r s a l and d i f f e r e n t i a l 
f o r c e s mer'ely c l a i s s i f i e s t h e phenomena as 
b e l o n q i n q i n g e o m e t r y o r i n p h y s i c s . 

( R e i c h e n b a c h [ 1 9 5 8 ] , 27) 

R e i c h e n b a c h makes an i n t e r e s t i n g s p e c u l a t i o n a t t h i s p o i n t w h i c h 
a l s o adds t o a p p r e c i a t i o n o f The C-ieneral T h e o r y o f R e l a t i v i t y -

vje c o u l d v£?ry w e l l i m a g i n e thaxt t h e c o e f f i c i e n t s 
o f h e a t e x p a n s i o n o f a l l m a i t e r i a l s m i g h t be e q u a l -
t h e n no d i f f e r e n c e w o u l d e x i s t between a f i e l d o f 
hea^t and t h e g e o m e t r y o f s p a c e . I t w o u l d be 
p e r m i s s i b l e t o sa\y t h a t i n t h e n e i g h b o u r h o o d o f ai 
warm body t h e g e o m e t r y i s changed j u s t as ( a c c o r d i n g 
t o E i n s t e i n ) s p a c e i s c u r v e d i n t h e n e i g h b o u r h o o d 
o f a la^rcje mass. 

( R e i c h e n b a c h [ 1 9 5 8 ] , 26) 
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H a v i n g p r o v i d e d ai c l e a r e x p o s i t i o n o f t h e c o n c e p t o f a u n i v e r s a l 
f o r c e aind i t s r e l a t i o n s h i p t o t h e g e o m e t r i c a l p r o p e r t i e s o f 
s p a c e , Reiche?nbach makes a c r 6 ? a t i v e ste?p, i n s p i r e d by E i n s t e i n ' s 
e x a m p l e i n t h e Sen6?ral T h e o r y o f R e l a t i v i t y . I t i s p o s s i b l e f o r 
us t o use any c o n s i s t e n t g 6 ? o m e t r i c a l s y s t e m as a b a s i s f o r t h e 
g e o m e t r y o f s p a c e , a n d , as K l e i n and H i l b e r t have d e m o n s t r a t e d , 
any meaisurements made aiga^inst t h i s g e o m e t r y ca^n be t r a n s l a t e d 
i n t o measurements i n t o a n o t h e r s e l f - c o n s i s t e n t g e o m e t r y . I f , f o r 
exaxmple, VMe axpply a Eiucl i d e a n g e o m e t r y t o a space s u r f a c e w h i c h 
i s s p h e r i c a l , o u r p h y s i c a l i n v e s t i g a i t i o n o f t h i s space w i l l 
d e m o n s t r a t e t h e presence? o f u n i v e r s a l f o r c e s . I t w o u l d have been 
s i m p l e r f o r us n o t t o a c c e p t a E u c l i d e a n m e t r i c , b u t t o a d o p t 
t h e s p a t i a l g e o m e t r y w h i c h e l i m i n a t e d t h e p r e s e n c e o f s uch 
u n i v e r s a l f o r c e s . Thus R e i c h e n b a c h a d o p t s t h e p r i n c i p l e o f 
" d e ? s c r i p t i v e s i m p l i c i t y " i n recommending t h a t we can p r e s c r i b e 
an a c t u a i l g e o m e t r y t o e m p i r i c a l s p ace as t h a t g e o m e t r y w h i c h 
e l i m i n a t e ? s u n i v e r s a l f o r c e s . He t a k e s p a i n s t o p o i n t o u t t h a t 
t h e gfc?ometry o f s p a c e e l u c i d a t e d i n t h i s manner i s a consequence 
o f t h e c o o r d i n a t i v e d e f i n i t i o n s o f c o n g r u e n c e and o f r i g i d body 
t h a t we c h o o s e t o a d o p t , and i s a m e a n i n g l e s s c o n c e p t i n t h e i r 
a b s e n c e . As an a l t e ? r n a t i v e c o o r d i n a t i v e d e f i n i t i o n we c o u l d have 
p r e s c r i b e d t h e g e o m e t r y and t h e n d e r i v e d t h e d e f i n i t i o n s o f 
c o n g r u e n c e and r i g i d body t o p r o v i d e a p h y s i c a l space f r e e o f 
u n i v e r s a l f o r c e s . F;eichenb£\ch' s p r e s c r i p t i o n , however, i s t h a t 
we; s h o u l d c h o o s e o u r c o o r d i n a t i v e d e f i n i t i o n on t h e baxsis o f i t s 
" s i m p l i c i t y " , ( a l t h o u g h p e r h a p s i n t h i s r e s p e c t C a s s i r e r ' s 
CQnce?pts o f " u s e f u l n e s s " and "consist£?ncy" w o u l d be p r e f e r a b l e ) , 
and t h e n d e r i v e t h e e m p i r i c a l g e o m e t r y t h a t e l i m i n a t e s u n i v e r s a l 
f o r c e s . He d o e s n ' t t a c k l e t h e p r o b l e m o f w h e t h e r i t may a l w a y s 
be p o s s i b l e t o e l i m i n a i t e u n i v e r s a l f o r c e s i n a c o n s i s t e n t and 
c Q n t i n u o u s e m p i r i c a l g e o m e? t r- y . 

He a c k n o w l e d g e s t h a t H e l m h o l t s , and s u b s e q u e n t l y P o i n c a r e , were 
r e s p o n s i b l e f o r d r a i w i n g a t t e n t i o n t o t h e f a c t t h a t e m p i r i c a l 
g e o m e t r y was d e p e n d e n t on b a s i c d e f i n i t i o n s t h a t were a p p l i e d , 
s u c h as on t h e d e f i n i t i o n o f ax r i g i d body. He disagree?s w i t h t h e 
c o n c l u s i o n t h a t t h e y d e r i v e f r o m t h i s , t h a t i t i s c o n s e q u e n t l y 
m e a n i n g l e s s t o ta.lk o f t h e g e o m e t r y o f s p ace when i t i s a 
c o n s e q u e n c e o f a ^ r b i t r a r y d e f i n i t i o n s . He i s d i s m i s s i v e o f t h e 
sub j 6?c t i v i t y o f t h e i r Conven t i o n a * ! i s m . 

U n f o r t u n a t e l y , t h e p h i l o s o p h i c a l d i s c u s s i o n o f 
c o n v e n t i o n a l i s m , m i s l e d by i t s i l l - f i t t i n g name, 
d i d n o t alwa^ys pre?sent t h e e p i s t e m o l o g i c a l a s p e c t 
o f t h e p r o b l e m w i t h s u f f i c i e n t c l a r i t y . From 
c o n v e n t i o n a x l i s m t h e c onsequence was d e r i v e d t h a t 
i t i s i m p o s s i b l e t o make? am o b j e c t i v e s t a t e m e n t 
aitaout t h e g e o m e t r y o f p h y s i c a l s p a c e , and t h a t we 
a\re d e a l i n g w i t h s u b j e c t i v e a r b i t r a r i n e s s o n l y ; 
t h e c o n c e j p t o f g e o m e t r y o f r e a l space was c a i l l e d 
m e a n i n g l e s s . T h i s i s a m i s u n d e r s t a n d i n g . ..... 

once t h e d e f i n i t i o n s have been f o r m u l a t e d , i t 
i s d e t e r m i n e d t h r o u g h o b j e c t i v e r e a l i t y alone? 
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w h i c h i s t h e s i c t u a l g e o m e t r y . 
( R e i c h e n b a c h [ 1 9 5 S ] , 36,37) 

H a v i n g e s t a b l i s h e d t h a t i t i s pos>sitale t o e s t a b l i s h , by 
meaisurement, t h e g e o m e t r y o f e m p i r i c a l s p a c e , R e i c h e n b a c h , 
c o n s c i o u s o f h i s p o t e n t i a l c r i t i c s , w i s h e s t o e x p l o r e t h e 
c o n c e p t o f t h e v i s u a 1 i s a i t i o n o f n o n - E u c l i d e a n g e o m e t r i e s . H i s 
p < a r t i c u l a r c o n c e r n i s t h a t Kant has b e q u e a t h e d t h e c o n c e p t t h a t 
o n l y E u c l i d e a n g e o m e t r y i s v i s u a l i s a b l e , and t h a t c o n s e q u e n t l y 
t h e r e i s &n a r g u m e n t f o r r e j e c t i n g o t h e r g e o m e t r i c a l s y s t e m s as 
b e i n g u n r e a l g e ? o m etries. T h i s i s p e r f e c t l y n a i t u r a l when we 
c o n s i d e r t h a t u n t i l 1905 and t h e S p e c i a l T h e o r y o f R e l a t i v i t y , 
m e c h a n i c s and c o n c e p t s o f o r d e r i n t h e p h y s i c a l w o r l d were 
e s t a b l i s h e d on Nev^tonian m o d e l l i n g . Newton h i m s e l f had d e r i v e d 
h i s T h e o r y o f G r a v i t a i t i o n a l A t t r a c t i o n t h r o u g h c l a s s i c a l 
E u c l i d e a n g e o m e t r y o f c o n i c s e c t i o n s . W.hen a p h y s i c i s t v i e w e d 
t h e p h y s i c a l w o r l d , he was embedded i n E u c l i d e a n c o n c e p t s , and 
Reichenbaich has so f a^r worke d w i t h i n t h e s e c o n s t r a i n t s . I n h i s 
a ' t n a^lysis o f t h e p r o b l e m o f p h y s i c a i l v i s u a l i s a t i o n , however, 
Reichentaach b e g i n s t o f r e e us f r o m t h i s g e o m e t r i c a l i n h e r i t a n c e 
and e f f e c t i v e l y s u b s t i t u t e s a c o n c e p t o f p h y s i c a l l o g i c f o r 
p h y s i c a l g e o m e t r y . U n t i l H i l b e r t , g e o m e t r y i m p l i e d t h e n o t i o n o f 
v i s u a l i s e d s p a t i a ^ l r e l a t i o n s h i p s , b u t R e i c h e n b a c h , i n s e t t i n g up 
h i s c o o r d i n a t i v e d e f i n i t i o n s f o r s p a t i a l measurement v i a 
p h y s i c a l r o d s has f r e e d h i m s e l f p o t e n t i a l l y f r o m t h i s c o n s t r a i n t 
o f s p a t t i a l v i s u a l i s i n g w i t h a r o b u s t p h y s i c a l l o g i c . By 
d i s c u s s i n g t h e p r o p e r t i e s o f space i n t e r m s o f " g e o m e t r y " , 
however, he has been g u i l t y o f some l a c k o f c l a r i t y . I t i s 
i n t e r e s t i n g t h a t E J i n s t e i n , i n t h e G e n e r a l T h e o r y o f R e l a t i v i t y , 
a v o i d s t h e d i s c u s s i o n o f t h e g e o m e t r i c a l c o n c e p t s o f t h e 
e q u i v a x l e n c e o f g r a v i t a i t i o n a l and dynamic p r o p e r t i e s , b u t moves 
d i r e c t l y i n t o t h e c o n s i d e r a t i o n o f t h e o b s e r v e r i n a cage w h i c h 
i s b e i n g a c c e l e r a t e d , a^nd o f f e r s us t h e two e q u i v a l e n t 
i n t e r p r e t a t i o n s t h a t o b s e r v e r w o u l d g i v e f o r t h e f o r c e s he f e e l s 
s u b j e c t e d t o . The p r o b l e m we have w i t h E i n s t e i n ' s a p p r o a c h i s i n 
o u r o v e r a l l g e o m e t r i c a l v i s u a l 1 i s a t i o n o f t h e s p a t i a l c o n t e x t o f 
t h e e q u i v e t l e n c e o f a g r a v i t a t i o n a l ! f i e l d w i t h a d y n a m i c a l l y 
a c c e l e r a t i n g body. The adva\nt.age f o r E i n s t e i n i s t h a t he i s n o t 
encumbered w i t h t h e aippeirent v i s u a i l i s i n g d i f f i c u l t y , and he i s 
e n a b l e d t o e s t a ^ b l i s h a p h y s i c a l l o g i c f o r sp a c e . 

F;esi Chen bac h •• s a n a l y s i s o f v i s u a 1 i s a b i 1 i t y o f s p a t i a l g e o m e t r y 
i s p r e c e d e d by a re--assessment o f h i s p r e v i o u s a n a l y s i s t h r o u g h 
w h i c h he b e g i n s t o s t r i p t h e c o n c e p t o f "geometry o f p h y s i c a l 
s p a c e " o f o u r p r e c o n c e p t i o n s o f diaqraimmaxtic v i s u i a l i s a t i o n . 

i t i s t h e s i g n i f i c a n c e s o f c o o r d i n a t i v e d e f i n i t i o n s 
t o l e n d an o b j e c t i v e meaning t o p h y s i c a l 
mea^surements. ... 7"he objective character of the 
physical statement is thus shifted to a s t a t e m e n t 
about relations, ..The g e o m e t r y o f r e a l space ., 
i.s a .statement about a re.£ation between t h e u n i v e r s e 
and r i g i d r o d s . The g e o m e t r y chosen t o c h a r a c t e r i s e 
t h i s r e l a t i o n i s o n l y a mode o f speech? however, o u r 
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a w a r e n e s s o f t h e r e l a t i v i t y o f g e o m e t r y e n a b l e s us 
t o f o r m u l a t e t h e o b j e c t i v e c h a r a c t e r o f a s t a t e m e n t 
a b o u t t h e g e o m e t r y o f t h e p h y s i c a l w o r l d as a 
s t a t e m e n t a b o u t r e l a t i o n s . I n t h i s sense we a r e 
p e r m i t t e d t o speaxk o f physical geometry, 

( R e i c h e n b a c h [ 1 9 5 8 ] , 37) 

W i t h h i s a n a l y s i s o f t h e v i s u a l 1 i s a b i 1 i t y o f Euclidea»n g e o m e t r y , 
R e i c h e n b a c h ' s t a r g e t c r i t i c s a r e p h i l o s o p h e r s o f t h e K a n t i a n 
t r a t d i t i o n , f o r whom ge;ometry n o t o n l y a p p e a r s t o r e p r e s e n t a 
dia^grammatic r e p r e s e n t a t i o n o f p y h s i c a l s p a t i a l r e l a t i o n s h i p s , 
b u t f o r whom t h e g e o m e t r y o f E l u c l i d r e p r e s e n t s t h e n e c e s s a r y 
l o g i c o f s u c h r e l a t i o n s h i p s . Tl'ius Reichenbaich p r e s e n t s t h e 
g e o m e t r i c a l image o f a t r i a n g l e w i t h a s t r a i g h t l i n e 
i n t e r s e c t i n g one s i d e , and we a r e c o m p e l l e d t o a c c e p t by t h e 
in e ? s c a p a b l e l o g i c o f t h e plane? dia\gram t h a t t h e e x t e n d e d l i n e 
must n e c e s s a x r i l y i n t e r s e c t one o f t h e o t h e r two s i d e s . The 
E u c l i d e a n s y s t e m o f g e o m e t r y i s t h e l o g i c o f p l a n e d i a g r a m s , and 
whenever we a t t e m p t t o v i s u a l i s e r e l a t i o n s h i p s on a p i e c e o f 

we â re? c o m p e l l e d t o a c c e p t t h e E u c l i d e a n l o g i c . p a p e r 
D i a g r a m m a t i c r e p r e s e n t a t i o n i s a " t o o l " 
s o l v i n g s p a t i a l and l o g i c a l p r o b l e m s , 
d i a g r a m m a t i c a p p r o a c h we l i m i t o u r s e l v e s 
E u c l i d e a n s y s t e m . 

t h a t f a c i l i t a t e s o u r 
b u t i n c h o o s i n g a 

t o t h e l o g i c o f t h e 

The nonnativs - f u n c t i o n of visual isation i s r e v e a l e d 
as a cor re late of the logical coinpuiBion and 
achieves the same results by means of the elements 
furnished by the image-producing function as the 
logical infererice does by means of the conceptual 
e1ements of tbought. 

{ R e i c hen bac h [ 1 9 5 8 ] , 42) 

more? r e ? s t r i c t i v e l a ws h o l d f o r v i s u a l i s a t i o n thain 
f o r l o g i c a i l t h i n k i n g ,,„.. v i s u a l i s a t i o n a d m i t s 
a naxrrowe?r s e l e c t i o n o f g e o m e t r i c a l s t r u c t u r e s 
t h a n does l o g i c . 

( R e i c h e n b a c h [ 1 9 5 8 ] , 43 

R e i c h e n b a c h ' s c o n c l u s i o n i s t h a t i n v i s u a l i s i n g we i n v o l v e 
o u r s e l v e s i n diagraxmmatic r e p r e s e n t a t i o n axnd a r e t h e r e f o r e 
i n e s c a ^ p a b l y l o c k e d i n t o t h e l o g i c o f s u c h a schema, - w h i c h o f 
i t s e s s e n c e i s t h e l o g i c o f E u c l i d e a m g e o m e t r y . T h e r e f o r e -

{••^e cannot v i s u a l i s e non-Euclidean geometry by 
means of Euclidean elements of visualisation. 

( R e i c h e n b a c h [ 1 9 5 8 ] , 43,44) 

I t can be a r g u e d , and R e i c h e n b a c h g i v e s t h i s f u l l c o n s i d e r a t i o n , 
t h a t V'je can make d i a g r a m m a t i c r e p r e s e n t a t i o n s o f n o n - E u c l i d e a n 
g e o m e t r i e s . We can use d i a g r a m s t h a t e n a b l e us t o r e p r e s e n t t h e 
g e o m e t r y o f L o b a t c h e w s k y and d e r i v e n o n - E u c l i d e a n c o n c l u s i o n s 
f r o m them. R e i c h e n b a c h r i g h t l y p o i n t s o u t t h a t t h e s e a r e n o t 
what we w o u l d c o n s i d e r as v i s u a l i s a t i o n s i n t h a t t h e y r e p r e s e n t 
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r e l a t i o n s h i p s between l o g i c a l o p e r a t o r s , t h e y a^re mappings, 
r a t h e r t h a n r e p r e s e n t i n g a v i s u a l i s a t i o n o f a p h y s i c a l space. 

When \4e r e v e r t t o e x p l o r i n g t h e g e o m e t r y o f p h y s i c a l space we 
r e s o r t t o o u r c o o r d i n a x t i v e d e f i n i t i o n s and s e t o u t w i t h o u r 
p h y s i c a l m e a s u r i n g r o d s . We can v i s u a x l i s e t h i s p r o c e s s and c o u l d 
v i s u a l i s e m o v i n g o v e r a n o n - E u c l i d e a n s u r f a c e , j u s t as we 
v i s u a l i s e d thie i n h a b i t a n t s o f t h e g l a i s s p l a n e moving o v e r t h e i r 
h e m i s p h e r i c a l hump. Tha^t w o r k s w e l l f o r c o n s i d e r i n g a 
t w o - d i m e n s i o n a l s u r f a c e w i t h i n t h r e e d i m e n s i o n s o f c o n c e p t i o n , 
b u t o u r p r o b l e m w i t h t h i s p h y s i c a l v i s u a l i s a t i o n commences when 
we v M i s h t o v i s u a i l i s e a non-Euc 1 ideam t h r e e - d i m e n s i o n a l space and 
a r e u n a b l e t o c o n c e i v e t h i s w i t h o u t a f o u r t h d i m e n s i o n w h i c h 
l i e s beyond o u r l i m i t s o f v i s u a l i s a t i o n . Fxeichenbach, however, 
p e r s i s t s w i t h h i s a t t e m p t t o i n t r o d u c e us t o v i s u a l i s i n g 
non--Euc 1 i d s a n g e o m e t r i e s . He hais d e m o n s t r a t e d t h a t i t i s 
c o n c e i v e a b l e f o r us t o s e t o u t w i t h o u r m e a s u r i n g r o d on a 
non—Euc 1 ideain s u r f a c e a n d , i n o b s e r v i n g d i s c r e p a ^ n c i e s between 
o u r measurements and what we w o u l d e x p e c t on a E u c l i d e a n p l a n e 
s u r f a c e , we a r e a b l e t o deduce e i t h e r a d i f f e r e n t g e o m e t r y o r 
t h e p r e s e n c e o f u n i v e r s a l f o r c e s a f f e c t i n g o u r m e a s u r i n g 
i n s t r u m e n t s . Fie t h e n r e m i n d s us o f t h e manner i n w h i c h we make 
a^dj u s t m e n t s i n o u r p h y s i c a l p e r c e p t i o n s i n o r d e r t o b l e n d them 
i n t o o u r t o t a l s p a t i a l c o n c e p t i o n . We a r e f a m i l i a r w i t h v i e w s o f 
c o n v e r g i n g r a i l w a y l i n e s w h i c h we l e a r n - e f f e c t i v e l y h a v i n g 
e x p l o r e d them p h y s i c a l l y w i t h o u r m e a s u r i n g r o d s - t o 
accommodate as E u c l i d e a n p a r a U l e i s ; and amother example t h a t 
Reic.he?nbach o f f e r s us i s o f t h e m o t o r i s t v x i i t h h i s convex 
r e a r - m i r r o r who ieaxrns t o a d j u s t t h e d i s t o r t e d image i n t o h i s 
c o n c e p t i o n o f t h e p h y s i c a l g e o m e t r y i n h i s e n v i r o n m e n t . h i s 
c o n c l u s i o n i s -

i^ny adjustment to congruence is a product of habit; 
the adjustment is made when., during the motion of 
t h e o b j e c t s or of the observer^ the change of the 
picture is e x p e r i e n c e d as a change in p e r s p e c t i v e . , 
n o t a s a change in shape of the objects. 

( R e i c h e n b a c h [ 1 9 5 8 ] , 55) 

He t h e r e f o r e c o n c l u d e s t h a t v i s u a l i s i n g a n o n - E u c l i d e a n g e o m e t r y 
r e q u i r e s o f us a r e - a d j u s t m e n t o f o u r c o n c e f j t u a l scheme, and 
t h a j t i t i s â  m a i t t e r o f l e a r n i n g o r faami 1 i a r i s i n g o u r s e l v e s t o 
i t . 

Whoever has s u c c e s s f u l l y a d j u s t e d h i m s e l f t o a 
d i f f e r e n t c o n g r u e n c e i s a b l e t o v i s u a l i s e 
n o n - E u c l i d e a n s t r u c t u r e s as e a s i l y as E u c l i d e a n 
s t r u c t u r e s a^nd t o maxke i n f e r e n c e s c o n c e r n i n g them. 

(R'eic hen bac h [ 1 9 5 8 ] , 55 ) 

He t h e n a t t e m p t s t o remove t h e c l a s s i c a l c o n c e p t s t h a t we t e n d 
t o i n v o k e when c o n s i d e r i n g " g e o m e t r y " 

Space as s u c h i s n e i t h e r E u c l i d e a n n o r n o n - E u c l i d e a n , 
b u t o n l y a c o n t i n u o u s t h r e e - d i m e n s i o n a l m a n i f o l d . ... 
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I t i s , i n f a x c t , t h e r e s u l t o f t r a i n i n g t h e eyes t o 
a d j u s t t o t h e b e h a v i o u r o f s o l i d b o d i e s seen i n 
d i f f e r e n t a n g u l a r p e r s p e c t i v e s tha^t e n a b l e s us t o 
v i s u a l i s e E u c l i d e a n c o n g r u e n c e . I f we r e a d j u s t t h e 
e?ye?s we c a i n s i m i l a r l y v i s u a l l i s e n o n - E u c l i d e a n 
c o n g r u e n c e . 

( R e i c h e n b a c h [ 1 9 5 8 ] , 56,57) 

A t t h i s j u n c t u r e the? r e a d e r b e l i e v e s t h a t R e i c h e n b a c h has 
exhaxusted t h e s u b j e c t o f s p a t i a l c o n f i g u r a t i o n and o u r c a p a c i t y 
t o come t o t e r m s w i t h i t , b u t he has n o t y e t e x h a u s t e d h i s 
c a p a c i t y t o a t t e m p t t o p r e s e n t t w e n t i e t h C e n t u r y m a t h e m a t i c s t o 
us i n a p h y s i c a l VMay. I n l o o k i n g a t a l t e r n a t i v e g e?ometries he 
has been e x p l o r i n g m e t r i c a l p r o p e r t i e s , b u t he h a s n ' t examined 
t h e p r o p e r t i e s o f s p a t i a l c o n n e c t e d n e s s w h i c h i s the s u b j e c t o f 
t o p o l o g y . He t h e r e u p o n i n t r o d u c e s t h e t o p o l o g y o f s p h e r i c a l 
s u r f a c e s and t h e t o r u s , and i l l u s t r a t e s t h e i r d i s t i n c t i v e 
p r o p e r t i e s i n p r o v i d i n g mappings o n t o a p l a n e s u r f a i c e . He-
i n i t i a l l y c o n c e n t r a i t e s on t h e p r o p e ? r t i e ? s o f t h e t o r u s because i t 
p r o v i d e s a p p i i r e n t l o g i c a l a n o m a l i e s , when c o n s i d e r e d i n 
E l u c l i d e a n t e r m s , s u c h as pa^irs o f c l o s e d l o o p s v^hich b o t h 
c o n t a i n and a r e c o n t a i n e d i n each o t h e r . He t h e r e u p o n t a k e s us 
by t h e hand and l e a d s us i n t o each o f a t o r u s w o r l d and a 
s p h e r i c a l w o r l d , r e l a i t i n g o u r p e r c e p t i o n s as we go o f c o u r s e i n 
E u c l i d e a n t e r m s . He p r e s e n t s us w i t h two a p p a r e n t amomalies. I n 
t h e t o r u s w o r l d we f i n d t h a t t h a t we can c o n t i n u e c l i m b i n g o u t 
o f c o m p l e t e l y e n c l o s e d s p h e r i c a l s h t ? l l s i n t o s u c c e s s i v e 
c o n c e n t r i c s h e l l s o n l y t o f i n d t h a t we have r e t u r n e d i n t o o u r 
o r i g i n a l s h e l l . T h i s r u n s c o n t r a r y t o o u r l o g i c a l unde?rstand i n g , 
and R e i c h e n b a c h i d e n t i f i e s t h i s n o t o n l y as l o g i c a l l y anomalous 
taut a l s o as c a u s a l l y a n o m a l o u s . 

â  causal anomaly o c c u r s , c o n s i s t i n g i n t h e s p a t i a l 
p e r i o d i c i t y o f a l l h a p p e n i n g s . The i n t e r d e p e n d e n c e 
o f a l l e v e n t s a t c o r r e s p o n d i n g p o i n t s c a n n o t be 
i n t e r p r e t e d as o r d i n a r y c a u s a l i t y , be?cause i t does 
n o t r e q u i r e t i m e f o r t r a n s f e r e n c e and does n o t s p r e a d 
as a c o n t i n u o u s e f f e c t t h a t must pass c o n s e c u t i v e l y 
t h r o u g h t h e i n t e r m e d i a t e p o i n t s . 

(Reichentaach [ 1 9 5 8 ] , 65) 

C a u s a l c o n n e c t i v i t y i m p l i e s a r e l a t i o n between a space m e t r i c 
and a t i m e m e t r i c , and i n v o l v e s t h e l o g i c a l c o n s i d e r a t i o n t h a t 
i f B i s between A and C t h e n t h e e f f e c t o f a c a u s a l change a t A 
V " j i l l a ^ f f e c t B b e f o r e i t a f f e c t s C, I f B i s between A and C, and 
C i s between A and B t h e n t h i s s i m p l e c a u s a l c o n n e c t i o n i s 
c o n f u s e d , axnd on t h e t o r u s we a l s o have t h e a d d i t i o n a l anomaly 
t h a t B i s s p a t i a l l y between A and A. Thus i n r e c o n c i l i n g t h e 
w o r l d o f t h e t o r u s w i t h E u c l i d e a n p r e c o n c e p t i o n s we a r e 
c o m p e l l e d t o abandon o u r c o n c e p t o f c a u s a l s t r u c t u r e , and we can 
o n l y a v o i d t h i s by a d a p t i n g o u r c o n c e p t s e n t i r e l y t o t h e 
g e o m e t r y o f t h e t o r u s . A p p l y i n g E u c l i d e a n c o n s i d e r a t i o n s t o t h e 
t o r u s p r o v i d e s us w i t h n o n - l o c a l c a u s a l c o n n e c t i o n s . 
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When we e n t e r t h e s p h e r i c a l w o r l d w i t h o u r E u c l i d e a n 
v i s u a 1 i s a t t i o n we again c o n f r o n t t h e c a u s a l anomaly o f p r o c e e d i n g 
i n one d i r e c t i o n w i t h o u r m e a s u r i n g r o d s and, a l t h o u g h moving 
f u r t h e r away f r o i n o u r s t a r t i n g p o i n t , e v e n t u a l l y r e - e n c o u n t e r i n g 
i t , ~ a p p a r e n t l y h a v i n g passed t h r o u g h a E u c l i d 6 ? a n i n f i n i t y w i t h 
a f i n i t e measu r e . 

T h us, i f we a r e t o d e t e r m i n e t h e t o p o l o g i c a l s t r u c t u r e o f 
p h y s i c a l spates we must p r e - a r m o u r s e l v e s w i t h a f u r t h e r 
c o o r d i n a t i v e d e f i n i t i o n , namely t h a i t c a u s a l o r d e r i n g s h o u l d 
a p p l y . 

Topology is an empirical m a t t e r as soon as we 
introduce the requirement that no causal 
relations must be violated. ... O n l y i n t h i s 
wa\y does t h e t o p o l o g y o f space c o n s t i t u t e a 
w e l l - d e t e r m i n e d q u e s t i o n . I t must be c a l l e d 
an e m p i r i c a l f a c t t h a t t h e r e i s one k i n d o f 
t o p o l o g y t h a t l e a d s t o n o r m a l c a u s a l i t y ; and 
i t i s o f c o u r s e an e m p i r i c a l f a c t w h i c h 
t o p o l o g y y i e l d s t h i s r e s u l t . 

( R e i c h e n b a c h [ 1 9 5 8 ] , 8 0) 

I n h i s papsr "Das Raumprobiem i n d e r ne^ueren Quantenmechanik" , 
v ^ i r i t t e n i n 1926, (F;eichenbeich [ 1 9 9 1 ] ) , R e i c h e n b a c h a n a l y s e s t h e 
d i m e n s i o n a l i t y o f s p a c e a i g a i n s t t h e c o n t e x t o f e m e r g i n g Quantum 
T h e o r y w h i c h emp;loyed t h e c o n c e p t s o f mul t i - d i m e n s i o n a t l 
p a r a m e t e r spaces., H i s c o n c l u s i o n i s t h a t a l t h o u g h i t i s p o s s i b l e 
t o p r o v i d e t r a ^ n s f ormastions o f s p a t i a l c o o r d i n a t e s between 
d e s c r i p t i o n s e m p l o y i n g d i f f e r e n t s p a t i a l d i m e n s i o n a l i t i e s , i t i s 
not. p o s s i b l e t o t r a n s f o r m c a u s a l c o n n e c t i o n s between t h e s e 
d e s c r i p t i o n s . F o r e x a m p l e , i t i s p o s s i b l e t o t r a n s f o r m s p a t i a l 
d e s c r i p t i o n s o f two p o i n t - o b j e c t s o p e r a t i n g i n a 
t h r e e - d i m e n s i o n a l s p a c e t o a d e s c r i p t i o n o f one p o i n t - o b j e c t 
o p e r a t i n g i n a s i x - d i m e n s i o n a l s p a c e , b u t any c a u s a l 
r e l a t i o n s h i p a p p l y i n g i n t h e t h r e e - d i m e n s i o n a l d e s c r i p t i o n i s 
l o s t i n t h e s i x - d i m e n s i o n a l c a s e . R e i c h e n b a c h ' s p r i n c i p l e w h i c h 
he a ^ c c o r d i n g l y e n u n c i a t e s , i s 

7'he principle of action by contact can be satisfied 
only far a single choice of t h e dimensionality of the 
parameter space.; t h a t particular parameter space in 
w h i c h i t i s satisfied is called the coordinate space 
or "real space' 

He t h e n e m p h a s i s e s t h a t 

( R e i c h e n b a c h [ 1 9 9 1 ] , 40: 

N a t u r a l p r o c e s s e s s a t i s f y t h e r e q u i r e m e n t s o f t h e 
p r i n c i p l e o f a c t i o n by c o n t a c t o n l y i n a space o f 
t h r e e d i m e n s i o n s . 

( R e i c h e n b a c h [ 1 9 9 1 ] , 40) 

Com m e r t i n q on t h i s c o n c l u s i o n o f R e i c h e n b a i c h s , Andreas Kamlah 
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r e l a i t s s f < e i c h e n b a c h ' s me?thod t o t h a t o f K a n t , 

t h e p r 
tha^n a 
more a 
s i m p l e 
o t h e r s 
p h y s i c 
c o n s t i 
saxme s 
t o the; 

i n c i p l e o f aaction by c o n t a c t becomes t o be more 
guide? f o r c o o r d i n a t i v e d e f i n i t i o n s . I t becomes 

nd more a g e n e r a l p r i n c i p l e f o r t h e s e l e c t i o n o f 
and i n f o r m a t i v e d e s c r i p t i o n s o f t h e w o r l d f r o m 

no l o n g e r a d e v i c e t o c o n n e c t 
6 ? m p i r i c a l meaning b u t raxther t o 
o f p h y s i c a l 1 t h e o r y q u i t e i n t h e 
ieaids a c c o r d i n g t o Re?ic hen bach 
s t r u c t u r e o f t h e r e a l w o r l d . 

(Kamlah [ 1 9 9 1 ] , 51) 

. ... Thus i t i s 
a. 1 1 a n g u a g e w i t h 
t u t e t h e o b j e c t s 
ense as K a n t . I t 
k n o w l e d g e o f t h e 

Thus Resichenbach c l e a r l y makes t h e c l a i m t h a t , 

t h e thre?e--dimansionail i t y o f s p ace must d e s c r i b e an 
€ ? s s e n t i a i l p r o p e r t y o f naxture t h a t e x i s t s j u s t as 
i n d e p e n d e n t l y f r o m t h e humasn mind as any o t h e r p r o p e r t y . 
Even t h o u g h t h e concept o f s p a c e , â s any o t h e r concept ^ 
a r i s e s i n t h e s u b j e c t , i t s applicability s t a t e s 
Bomt?thing about, t h e w o r l d o f objects. The a s s e r t i o n 
t h a t p h y s i c a l s p a c e i s t h r e e - d i m e n s i o n a l and a p p r o x i m a t e l y 
E u c l i d e a i n i s t h e r e f o r e t o be r e g a r d e d as a g e n u i n e 
p h y s i c a ^ l a i s s e r t i o n , s i m i l a i r t o a l l o t h e r p h y s i c a l 
a s s e r t i o n s . 

( R e i c h e n b a c h [ 1 9 9 1 ] , 32) 

I n h i s c o n s i d e r a t i c j n o f Spaxce, R e i c h e n b a c h has d e m o n s t r a t e d t h a t 
t h e g e o m e t r i c a l and t o p o l o g i c a l p r o p e r t i e s a r e e m p i r i c a l l y 
v e r i f i a b l e once we have made c o o r d i n a t i v e d e f i n i t i o n s o f 
c o n g r u e n c e , o f r i g i d i t y , and o f c a u s a l c o n n e c t e d n e s s . He has 
a l s o i l l u s t r a t e d t h a t , w h a t e v e r t h e outcome o f o u r v e r i f i c a t i o n , 
i t i s p o s s i b l e t o p r o v i d e a v i s u a l i s a s b l e r e a l i s a t i o n , even 
t h o u g h t h i s may r e q u i r e us t o m o d i f y o u r d6?eply h e l d E u c l i d e a n 
p r e d i l e c t i o n s . T h a t v i s u a l i s a t i o n i s i m p o r t a n t i s emphasised by 
R e i c h e n b a c h , because 

v i s u a x l p i c t u r e s „ . . es t a ^ b l i s h t h e r e l a t t i o n between 
t h i n k i n g a^nd r e a ^ l i t y ; t h e y c o n n e c t p e r c e p t i o n s 
w i t h c o n c e p t s 

(Reichentaach [ 1 9 5 8 ] , 92) 

The d i f f i c u 
i n t e r m s o f 
pla^ne, a^nd 
g e o m e t r y o f 
i d e n t i f i e s 
g e o m e t r y a 
s h o u l d draw 
i n h i t a i t i o n s 
o u r c o n c e r n 

1 t y we have? w i t h v i s u a l i s a t i o n i s t h a i t i t i s lea^rned 
l o g i c a i l r e 1 a ^ h i o n s h i p s o f shape on a t w o - d i m e n s i o n a l 

t h 6 ? r e f o r e i n h i i b i t s c o n s i d e r a t i o n t o t h e l o g i c o f t h e 
plaxne s u r f a x c e s . H i s d e m o n s t r a t i o n o f t h i s c l e a r l y 

why Kant f e l t c o m p e l l e d t o a c c e p t E u c l i d e a n s p a t i a l 
s a - p r i o r i . The f i n a l c o n c l u s i o n t h a t R e i c h e n b a c h 

f r o m h i f i a x n a l y s i s , t o f r e e us f r o m o u r E u c l i d e a n 
, i s t h a i t i t i s n o t t h e " g e o m e t r y " o f space w h i c h i s 
, b u t t h e p h y s i c a l l o g i c o f t h e m e t r i c . 
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Time 

When he c o n s i d e r s t h e c o n c e p t o f Time, R e i c h e n b a c h p r o v i d e s at 
p D s t - r e 1 a t i v .i. s t i c w a r n i n g 

Whereas t h e c o n c e p t i o n o f space and t i m e as a 
f o u r - d i m e n s i o n a l m a n i f o l d ha^s been v e r y f r u i t f u l 
f o r m a t h e m a ^ t i c a l p h y s i c s , i t s e f f e c t i n t h e f i e l d 
o f e p i s t e m o l o g y has been o n l y t o c o n f u s e t h e i s s u e . 
C a l l i n g t i m e t h e f o u r t h d i m e n s i o n g i v e s i t an a i r 
o f m y s t e r y . One m i g h t t h i n k t h a t t i m e cam now be 
c o n c e i v e d as a k i n d o f space and t r y i n v a i n t o 
add v i s u a l l y a f o u r t h d i m e n s i o n t o t h e t h r e e 
d i m e n s i o n s o f s p a c e . I t i s e s s e n t i a l t o g u a r d 
a t g a i n s t s u c h a m i s u n d e r s t . a n d i n g o f m a t h e m a t i c a l 
c o n c e p t s . 

( R e i c h e n b a c h [ 1 9 5 8 ] , 110) 

As v>jith h i s a ^ n a l y s i s o f spatce, R e i c h e n b a c h s e t s o u t t o c o n s t r u c t 
a m e t r i c , - a r e q u i r e m e n t f o r a c o o r d i n a i t i v e d e f i n i t i o n . He 
i d e n t i f i e s two methods o f m e a s u r i n g t i m e 

one c o n s i s t s i n c o u n t i n g periodic processes, and 
th ( 5 o t h e r i n measuring spatial distances 
c o r r e s p o n d i n g t o c e r t a i n n o n - p e r i o d i c p r o c e s s e s . 

( R e i c h e n b a c h [ 1 9 5 8 ] , 115) 

As w i t h t h e meatsurement o f space vjhere t h e r e i s no means 
( l o g i c a l l y ) o f d e t e r m i n i n g w h e t h e r a u n i t m e a s u r i n g r o d 
m a i i n t a i n s t h e saame l e n g t h i n tvjo s e p a r a t e l o c a t i o n s , so w i t h 
time-? when we t a k e at p e r i o d i c p r o c e s s as a u n i t o f measure t h e r e 
i s no meains o f e s t a b l i s h i n g w h e t h e r s u c c e s s i v e p e r i o d i c 
i n t e r v a l s a r e e q u a t l . We ca^n t a k e c a r e t o e s t a b l i s h , as w i t h two 
c l o c k s , t h a t i f t h e y s y n c h r o n i s e a t one t i m e t h e y a l s o 
s y n c h r o n i s e a t a n o t h e r , b u t we have no means o f e s t a b l i s h i n g , 
v j i t h o u t s u b s t i t u t i n g a i n o t h e r b a s i c u n i t , t h a t s u c c e s s i v e t i m e 
u n i t s a r e e q u a l . 

The e q u a l i t y o f s u c c e s s i v e t i m e i n t e r v a l s i s n o t 
a m a t t e r o f Anow.J edge b u t a m a t t e r o f d e f i n i t i o n 

( R e i c h e n b a c h [ 1 9 5 8 ] , 116) 

The o n l y p r e r e q u i s i t e c o n d i t i o n s we must impose i n w h a t e v e r 
p e r i o d i c p r o c e s s we c h o o s e f o r o u r u n i t o f t i m e measurement, i s 
tha^it i t t o f f e r s " d e s c r i p t i v e s i m p l i c i t y " and t h a t i t l e a d s t o a 
" n o n c o n t r a ^ d i c t o r y d e s c r i p t i o n o f n a t t u r e " . A b a s i c c l o c k a p p e a r s 
t o s a t i s f y t h e s e r e q u i r e m e n t s a l t h o u t q h t h e r e a r e c o m p l i c a t i o n s 
i n v o l v e d i n e n s u r i n g as f a r ats p o s s i b l e t h a t i t i s f r e e f r o m 
e x t e r n a l i n f l u e n c e s , - t h a t i t be a c l o s e d s y s t e m . As w i t h t h e 
s p a \ t i i s l m e t r i c , we must a l s o be avjare o f t h e p o t e n t i a l e f f e c t s 
o f d i f f e r e n t i a l and u n i v e r s a l f o r c e s . 

E q u i v a l e n t t o s t u d y o f t h e space m a n i f o l d i t i s a l s o n e c e s s a r y 
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t o maxke? a c o o r d i n a ^ t i v e d e f i n i t i o n o f c o i n c i d e n c e . I n t h e case o f 
t i m e t h i s i s a d e f i n i t i o n o f s i m u l t a n e i t y o f s p a t i a l l y s e p a r a t e d 
e v e n t s . R e i c h e n b a c h r e ? f e r s t o E i n s t e i n ' s d e ? f i n i t i a n f o r t h e 
S p e c i a i l T h e o r y o f R e l a t i v i t y and e x a m i n e s t h e e p i s t e m o l o g i c a l 
s i g n i f i c a i . n c e o f i t 

t h e t i m e c o m p s i r i s o n o f d i s t a n t e v e n t s i s p o s s i b l e 
o n l y because a signal s e n t f r o m one pKace t o a n o t h e r 
i s â causal chain. . .we can d e t e r m i n e t h e t i m e 
o f t h e d i s t a n t 6?vent o n l y w i t h t h e h e l p o f an 
i n f e r e n c e . 

( R e i c h e n b a c h [ 1 9 5 8 ] , 125) 

Thus i n making a c h o i c e o f d e f i n i t i o n o f s i m u l t a n e i t y we a r e 
d e f i n i n g a b a s i c t m i t o f c a u s a l p r o p a g a t i o n o r o f s i g n a l 
t r a n s f e r . I m p l i c i t i n t h i s i s t h e d e f i n i t i o n t h a t i t i s 
independe?nt o f s p a t i a l d i r e c t i o n , a l t h o u g h we c o u l d have 
i n c o r p o r a t e d a d e f i n i t i o n t h a t d i d n o t presume t h i s i f we had 
w i s h e d . The s i g n a l c h o s e n , based on s c i e n t i f i c e x p e r i e n c e , i s o f 
c o u r s e t h a t o f l i g h t . T h i s a l s o p r c i v i d s s a c o n n e c t i o n between 
t h e p r o p e r t i e s o f t h e space and t i m e m a n i f o l d s , as i n a l l o w i n g 
f o r t h e caxusal c o n n 6 ? c t i o n s i n spa^ce we n e c e s s a x r i l y i n v o l v e t h e 
s p a i t i a ^ l m e t r i c i n t e m p o r a l d e ? t e r m i n a t i o n , 

I t w o u l d a p p e a r t h a t w i t h h i s b a s i c d e f i n i t i o n s o f a u n i t o f 
t i m e , o f s u c c e s s i v e measures o f t h a t u n i t b e i n g e q u a l , and o f 
s i m u l t a n e i t y , t h a t Re?ichenbach has s u f f i c i e n t bases f o r a 
c o m p l e t e d e s c r i p t i o n o f t h e t i m e m e t r i c . J u s t as he went on t o 
c o n s i d e r t h e t o p o l o g y o f s p a c e , however, and i n t r o d u c e t h e 
C D o r d i n a t i v e d e f i n i t i o n t h a t p h y s i c a l c a u s a l o r d e r i n g i s a 
p r e - r e q u i s i t e f o r a c h o i c e o f t o p o l o g y , so t o o w i t h t i m e he 
c h o o s e s t o l o o k a t t o p o l o g y and t h e p r o b l e m o f o r d e r i n g , - o f 
" b e f o r e " and " a f t e r " . H i s c o n c l u s i o n a g a i n i s t h a t w i t h o u t t h e 
c o n c e p t o f c a u s a l o r d e r , t h e t o p o l o g y o f t i m e i s i n c o m p l e t e . I n 
d e f i n i n g caius.al c o n n e c t e d n e s s f o r a d e t e r m i n a t i o n o f t i m e o r d e r , 
we must e x c l u d e c l o s e d c a u s a l c h a i n s w h i c h e f f e c t i v e l y make 
s i m u l t a n e o u s two d i f f e r e n t p o i n t s i n t i m e o r d e r and f u r t h e r m o r e 
l o s e t h e c o n c e p t o f i n d i v i d u a l i d e n t i t y t h r o u g h t i m e . 

Reichenbaich c o n c l u d e s h i s a n a i l y s i s o f t h e t e m p o r a l m a n i f o l d by 
i n v e s t i g a - i t i n g t h e c o n c e p t o f s i m u l t a n e i t y based on a f i n i t e 
s i g n a l s p e e d , - l i g h t . W i t h ain i n f i n i t e s i g n a l v e l o c i t y i t i s 
p o s s i b l e t o p r o v i d e a u n i q u e t e m p o r a i l sequence f o r a l l e v e n t s 
t h r o u g h o u t s p a c e , - e f f e c t i v e l y e v e n t s h a p p e n i n g a t e v e r y 
p h y s i c a l l o c a ^ t i o n a r e axl l o c a t e d a t i m e c o i n c i d e n t w i t h t h e t i m e 
r e g i s t e r e d w i t h t h e o b s e r v e r . W i t h a f i n i t e v e l o c i t y t h i s 
p r o v e s t o be i m p o s s i b l e ; b u t F\'eichenbach's assessment i s t h a t we 
a r e u n a b l e t o p r o v i d e ; a t e m p o r a l o r d e r i n g , f o r example, betwee?n 
a d i s t a n t e v e n t and a l o c a l e v e n t t h a t o c c u r s w i t h i n t h e p e r i o d 
taetwe;e?n d 6 ? p a r t u r e o f t h e s i g n a l t o t h e d i s t a i n t l o c a t i o n and i t s 
r e t u r n . T h i s f o r m u l a x t i o n a p p e a r s t o e x c l u d e t h e p o s s i b i l i t y o f 
an i n t e r p o l a t i v e o r d o s r i n g aii d i s t h e r e f o r e t o o e x t r e m e a 
c o n c l u s i o n . What can be i n f e r r e d f r o m t h e c o n c e p t o f a f i n i t e 
s i g n a l v e l o c i t y , however, and w h i c h Reichentaach l a t e r 
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i n V e s t i g as t". e s , 
d i r e c t . cai..ssa.' 

i s t. h -a t s i m u 11 a n e o u s 
c o n n e c t i o n , 

d i s t a n t e v e n t s can have no 

.Dynamics 

Once we b e g i n t o examine d y n a m i c a l p r o p e r t i e s , we need t o 
c o n s i d e r t h e i n t e r - r e l , a t i o n s h i p s between t h e s p a t i a t i and 
temporal 1 m a t n i f o l d s , atnd vje w i l l be r e q u i r e d t o a p p l y 
c o o r d i n a t i v e d e f i n i t i o n s t o t h e s e r e l a t i o n s h i p s . Thus 
F;eichentaach b e g i n s by a d d i n g t o h i s c o o r d i n a t i v e d e f i n i t i o n s o f 
t h e spa^t i a 1 m e t r i c 

t h e mea^suring r o d i s t o be r e g a r d e d as h a v i n g t h e 
same l e n g t h w h e t h e r a t r e s t o r i n m o t i o n 

( R e i c h e n b a c h [ 1 9 5 8 ] , 154) 

Wt= a l s o need t o d e f i n e , as i n t h e S p e c i a l T h e o r y o f R e l a t i v i t y , 
how t o measure? t h e l e n g t h o f a l i n e s e c t i o n moving r e l a t i v e t o 
th ( 5 fra\me o f measurement, a^nd f{.-3r t h i s we must i n v o k e t h e 
<:oncept o f tempora^ 1 s i m u 1 1 a n e i t y 

The l e n g t h o f â  m oving 1 i n e - s e g m 6 ? n t i s t h e d i s t a n c e 
between s i m u l t a n e o u s p o s i t i o n s o f i t s e n d p o i n t s . 

(Re i c hen bac h [ 1 9 5 8 ] , 155) 

The c o n s e q u e n c e o f t h i s 
e s t a ta 1 i s h e d b y E i n s t e i n , a n d 

d e f i n i t i o n o f c o u r s e had been 

I t f o i J o w s from the nature of the extended concept 
o f length -that the Jfengt.h o f a moving segment is 
general l-y d i f f e r e n t from i t . s rest-length. 

(Re i c hen bac h [ 1 9 5 3 ] , 157) 

The o b j e c t i o n t h a t may be r a i s e d a t g a i n s t what a p p e a r s t o be a 
d u a l d e f i n i t i o n o f l e n g t h , nams^ly "Which i s t h e t r u e l e n g t h ? " i s 
u n r e a s o n a b l e . The c o n c e p t o f l e n g t h has been d e f i n e d i n a manner 
i n w h i c h i t ca^n be a p p l i e d , and i t i s f o r measurement t o g i v e us 
t h e c o n s e q u e n c e s u n d e r d i f f e r e n t dynamic c o n d i t i o n s . The 
d e f i n i t i o n o f s i m u l t a i n e i t y i s a f u n d a m e n t a l d e t e r m i n a n t o f t h e 
p o s s i b i l i t y o f dynamic s p a t i a l meatsurement, and R e i c h e n b a c h 
matkes a f u r t h e r o b s e r v a t i o n on meaisurement o f d i s t a n t e v e n t s -

We aftctua^lly n e v e r e x p e r i e n c e d i s t a n t e v e n t s , b u t 
o n l y t h e e f f e c t s t h a t r e a c h u s . C o n s e q u e n t l y we c 
choose how t o c o o r d i n a t e t h e s e e v e n t s t o o u r 
V i su a 1 i m a q «3 s . 

( R e i c h e n b a c h [ 1 9 5 8 ] , 161) 

an 

The m e t r i c f o r spates? r e q u i r e s a 
u n i t ( l e n g t h ) , j u s t as f o r t i m e a 
and i n a d d i t i t o n t h e c o n c e p t o f 
needed t o p r o v i d e s i m u l t a n e i t y 

c o o r d i n a t i v e d e f i n i t i o n o f a 
u n i t ( i n t e r v a l ) i s r e q u i r e d , 
a " f i r s t s i g n a l " ( l i g h t ) i s 
and t e m p o r a l o r d e r i n g o f 
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s p a t i a l l y d i s t i n c t e;vents„ I n i n v o l v i n g b o t h t € ? m p o r a l a n d 
s p a i t i a l r n s t r i c s f o r d y n a m i c c o n s i d e r a t i o n ; , t h e f i r s t s i g n a l , 
w h i c h r e l a t e s p h y s i c a l s e p a r a t i o n t o t e m p o r a l s e p a r a t i o n , i s 
o p e r a t i n g a l o n g s i d e i n d e p e n d e n t s p a t i a l a n d t e m p o r a l u n i t s o f 
m e a s u r e . T h e r e a r e t w o i n d e p e n d e n t m a n i f o l d s , t i m e a n d s p a c e , 
a n d we ha>ve t w o i n d e p e n d e n t u n i t s o f m e a s u r e p l u s a f u r t h e r 
i n d e p e i n d e n t u n i t w h i c h c o m b i n e s t h e m e t r i c a l p r o p e r t i e s o f b o t h 
m a n i f o l d s . We h a v e a s y s t e m w h i c h i s o v e r — s p e c i f i e d . R e i c h e n b a c h 
d o e s n o t d i a g n o s e t h e s i t u a t i o n i n t h i s w ay, b u t he d o e s a r r i v e 
a t t h e c o n c l u s i o n t h a t i t i s p o s s i b l e , by u s e o f t h e f i r s t 
s i g n a l t o g e ; t h e r w i t h o u r s t a n d a r d c l o c k , t o p r o v i d e a s p a t i a l 
me t r i c ,, a s h e c 1 a i m s 

T h i s f a c t i s o f e x t r a o r d i n a r y s i g n i f i c a n c e b e c a u s e 
i t p r o v e s t h a t s p a c e m e a s u r e m e n t s a r e r c ^ d u c i b l e 
t o t i m e m e a s u r e m e n t s . T i m e i s the-fore l o g i c a l J y 
prior to s p a c e , 

( R e i c h e n bac h [ 1 9 5 8 ] , 1 6 9 ) 

F r o m t h e f o r e g o i n g a n a l y s i s , t h i s c l a i m o f l o g i c a l p r i o r i t y f o r 
t i m e a p p e a r s t o be mispl£<ced. I t i s p o s s i b l e t o d e f i n e t h e 
t e m p o r a l m e t r i c i n t e r m s o f a u n i t s p a t i a l m e a s u r e ( r i g i d r o d ) 
a n d a s i g n a l . I t i s a c l u m s y way o f m e a s u r i n g t e m p o r a l d u r a t i o n 
a t a s p a t i a l l o c a t i o n b e c a u s e i t e f f e c t i v e l y i n v o l v e s 
" m a r k i n g - t i m e " w i t h a l i g h t s i g n a l , b u t i t i s f e a s i b l e . The 
a l t e r n a t i v e o f d e f i n i n g the? s p a t i a l m e t r i c w i t h l i g h t s i g n a l s 
a n d a c l o c k i s m o r e s t r a i g h t f o r w a r d a n d t h e r e f o r e p r a c t i c a l i y 
s u p e r i o r r a x t h e r t h a n logical iy prior. R e i c h e n b a c h ' s i n t e n t i o n i s 
t o p r o c e e d b e y o n d t h i s s i m p l i f i c a t i o n a n d i n t r o d u c e a m e t r i c f o r 
b o t h s p a c e a n d t i m e b a s e d s o l e l y o n l i g h t s i g n a l s , e f f e c t i v e l y 
by d e f i n i n g h i s s t a n d a r d m e a s u r e o f t i m e i n t e r m s o f t h e 
i n t e r v a l d e f i n e d b y a l i g h t s i g n a l c o m p l e t i n g a r e t u r n j o u r n e y 
f r o m fi;-;ed p o i n t s . T h i s r e q u i r e s m a i n t e n a n c e o f t h e d e f i n i t i o n 
o f a r i g i d b o d y , b u t p r o v i d e s a c o m b i n e d m e t r i c o f t i m e a n d 
s p a c e b a s e d o n l y on u s e o f l i g h t s i g n a l s . He a t t e m p t s t h i s 
v j i t h o u t a c k n o w l e d g i n g t h e r e q u i r e m e n t f o r t h e d e f i n i t i o n o f a 
r i g i d b o d y 5 b u t vjhen he s u b s e q u e n t l y i n v e s t i g a t e s i n e r t i a l 
s y s t e m s u s i n g l i g h t - g e o m e t r y he a c k n o w l e d g e s t h e n e e d f o r t h e 
r i g i d b o d y d e f i n i t i o n , w h i c h he i n t r o d u c e s ,as was shown a b o v e , 
v i a t h e d e f i n i t i o n o f a s t a n d a r d c l o c k . 

The r i g i d r o d i s n o t u s e d f o r t h e d e f i n i t i o n 
o f s p a t i a l c o n g r u e n c e vMithin t h e s y s t e m , b u t 
o n l y f o r t h e d e t e r m i n a t i o n o f o n e ~ a n d 
i n d e e d o n l y o n e - d i s t a n c e a s r i g i d , i . e . f o r 
t h e d e f i n i t i o n o f t h e temporal congruencB of 
s p a t i a i d i s t a n c e s . F o r t h i s r e a s o n n a t u r a l 
c l o c k s c a n be e m p l o y e d f o r t h e d e f i n i t i o n 
o f r i g i d i t y - - . I t s u f f i c e s t o s p e c i f y t h e 
time- metric a t a s p a c e p o i n t . T h e n t h e r i g i d i t y 
o f t h e e n t i r e s y s t e m ... i s d e e t e r m i n e d by means 
o f l i g h t s i g n a l s . 

( R e i c h e n b a c h [ 1 9 5 8 ] , 1 7 4 ) 
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R e i c h e n b a c h h a s p r c s c e d e d t o i n v e s t i ( 3 a t e t h e p r a c t i c a b i l i t y o f a 
" l i g h t g e o r f i t s t r y " f o r s p a c e , a n d i s r e q u i r e d t o i n t r o d u c e t h e 
c o n c e p t o f " b e t w e e n " w h i c h he d e f i n e s a s 

a p o i n t B l i e s b e t w e e n A a n d C, i f t h e f i r s t - s i g n a l 
ABC a r r i v e s a t C a t t h e same t i m e a s t h e f i r s t - s i g n a l 
AC, 

( R e i c h e n b a c h [ 1 9 5 8 ] , 1 6 9 ) 

F r o m t h i s he i s e n a b l e d t o d e f i n e a s t r a i g h t l i n e 

T h e s t r a i g h t l i n e t h r o u g h A a n d C i s t h e s e t o f 
t h o s e p a i n t s w h i c h among t h e m s e l v s ? s s a t i s f y t h e 
r e l a t i o n be-ti'VBen a n d w h i c h i n c l u d e t h e t w o 
p o i n t s A a n d C. 

He now c o m p l e t e s h i s c o o r d i n a t i v e d e f i n i t i o n f o r t h e s p a t i a l 
m e t r i c w i t h o u t u s i n g p h y s i c a l m e a s u r i n g r o d s a n d r i g i d b o d i e s 

I f t h e t i m e i n t e r v a l ABA = ACA t h e n t h e s p a t i a l 
d i s t a n c e AfH i s e q u a l t o t h e s p a t i a l d i s t a n c e AC. 

R e i c h e n b a c h t h u s c l a i m s t o h a v e d c s f i n e d tiMO s e p a r a t e s y s t e m s f o r 
d e t e r m . i n i n g t h e s p a c e - t i i T i e m e t r i c s . He h a s o n o n e h a n d w h a t he 
c l a s s i f i e s a s t h e mstter—axioms b a s e d on d e f i n i t i o n s o f m e t r i c 
v i a r i g i d r o d s a n d s t a n d a r d c l o c k s c o u p l e d w i t h a d e f i n i t i o n o f 
s i m u l t a n e i t y i n v o l v i n g l i g h t t r a n s m i s s i o n v^jhich e f f e c t i v e l y 
o v e r - s p e c i f i e s t h e i n d e p e n d e n t v a r i a b l e s . On t h e o t h e r h a n d he 
h a s t h e light axioms w h i c h r e m o v e t h e o v e r - s p e c i f i c a t i o n o f 
v a r i a b l e s a n d r e l y o n l i g h t t r a n s m i s s i o n f o r d e t e r m i n i n g t h e 
s p a t i a l m e t r i c . B o t h s y s t e m s a r e a p p l i c a b l e t o t h e e m p i r i c a l 
w o r l d , i t i s f o r s c i e n c e t o d e m o n s t r a t e t h e c o n s e q u e n c e s o f 
t h e i r a p p l i c a t i o n . What R e i c h e n b a c h ' s a t t e m p t t o s e p a r a t e o u t 
1 i g h t ~ a > ; i o r n s f r o m m a t t e r - a x i o m s c l e a r l y d i s t i n g u i s h e s , h o w e v e r , 
i s t h a t t h e p h y s i c a l r e s u l t s f r o m a p p > l y i n g o n e s y s t e m may h a v e a 
d i f f e r e n t f o r m f r o m t h e r e s u l t s o f a p p l y i n g t h e o t h e r s y s t e m . 
F o r e x a m p l e i f we d e f i n e u n i t l e n g t h i n t e r m s o f l i g h t 
t r a n s m i s s i o n , , t h e r e ' i s n o l o g i c a l r e a s o n why t h e r e l a t i o n s h i p 
b e t w e e n t h e l e n g t h o f a r e l a t i v e l y m o v i n g l i n e - s e g m e n t w i t h i t s 
s t a t i o n a r y l e n g t h s h o u l d c o r r e s p o n d t o t h e r e l a t i o n s h i p o b t a i n e d 
wh€^n p h y s i c a l m e a s u r i n g r o d s a r e u s e d , R e i c h e n b a c h c o r r e c t l y 
i d e n t i f i e s t h a t E i n s t e i n ' s S p e c i a l T h e o r y o f R e l a t i v i t y p r o v i d e s 
a p h y s i c a l , a n d t h e r e f o r e e m p i r i c a l l y v e r i f i a b l e , t h e o r y 

th3.t m a t e r i a i things a d j u s t . , n o t t o t h e c l a s s i c a l . , 
but to the r e i a t i v ' - i s t i c 1 ighi-gBOinetry, 

I n o t h e r w o r d s b o t h m e t r i c s a p p l y , p r o v i d e d t h a t t h e L o r e n t z 
t r a n s f o r m a t i o n s a r e a p p l i e d t o p h y s i c a l r o d s a n d c l o c k s . 

T h i s a s s e r t i o n c o n s t i t u t e s w h a t i s new i n t h e 
t h e o r y o f r e l a t i v i t y f r o m t h e p o i n t o f v i e w 
o f p h y s i c s . W h e r e a s a l l o f t h e l i g h t - a x i o m s h o l d 
i n c l a s s i c a l o p t i c s , t o w h i c h t h e t h e o r y o f 



r e l a t i v i t y a d d s o n l y t h e a s s e r t i o n t h a t t h e 
v e l o c i t y o f l i g h t i s t h e u p p e r l i m i t f o r t h e 
s p e e d o f s i g n a l s , t h e m a t t e r - a x i o m s s i g n i f y a 
d e v i a t i o n f r o m c l a s s i c a l t h e o r y . T h e y c o n t a i n 
t h e a s s e r t i o n t h a t t h e L o r e n t ; ^ t r a n s f o r m a t i o n , 
w h i c h i n t h e l i g h t - g e o m e t r y d i f f e r s f r o m t h e 
G a 1 i 1 e a n t r a n s f o r m a t i on on 1 y 5 y o'e f i nit ion, 
i s a t o n c e t h e t r a n s f o r m a t i o n f o r m e a s u r i n g 
r o d s a n d c l o c k s . T h i s a s s e r t i o n c o n t a i n s , t h e r e f o r e , 
t h a t p a r t o f t h e r e l a t i v i s t i c t h e o r y o f s p a c e smd 
t i m e w h i c h i s t o b e t e s t e d e m p i r i c a l l y , 

( R e i c h e n t a a c h [ 1 9 5 8 ] , 1 7 6 ) 

I t i s f r u i t f u l a t t h i s p o i n t t o a s s e s s R s i c h s n b a c h ' s a c h i e v e m e n t 
i n i d e n t i f y i n g t h e b a s i c e i x i o m s a p p l i e d i n p r o v i d i n g a 
s p a c e - t i m e m e t r i c , a n d p a r t i c u l a r l y i n i l l u s t r a t i n g how t h e 
T h e o r y o f R e l a t i v i t y i s abl£? t o r e c o n c i l e t h e c o n s e q u e n c e s o f a 
m e t r i c b a s e d o n t h e m a t t e r - a x i o m s w i t h o n e o n t h e l i g h t a x i o m s . 
The a x i o m s a r e d e f i n e d s u c h t h a t t h e p h y s i c a l c o n s e q u e n c e s o f 
a p p l y i n g e i t h e r b a s i s a r e t h e same i n i n e r t i a l s y s t e m s . He 
d e m o n s t r a t e s how t h e d e f i n i t i o n o f s i m u l t a n e i t y i s t h e " k e y " t o 
a r e l a t i v i s t c o n c e p t i o n o f s p a c e - t i m e , taut p e r h a p s m o r e 
f u n d a m e n t a l l y h e s h o w s t h a t t h e T h e o r y o f R e l a t i v i t y i m p r o v e s on 
c 1 a s s i c a 1 mec h a n i.cs by r• e j ec t i n g t h i e a;•; i o m t h a t m e a s u r e o f 
l e n g t h o r d u r a t i o n i s u n a f f e c t e d by r e l a t i v e movemient. 

T h e r e a r e t w o e x e r c i s e s t h a t a r a w o r t h f o l l o w i n g t h r o u g h . , 
f i r s t l y i t i s w o r t h e x a m i n i n g t h e k i n d s o f p h y s i c a l w o r l d i n 
w h i c h p a r t i c i . ' . l a r m e t r i c s a r e a p p r o p r i a t e . , - w i t h p a r t i c u l a r 
r e f e r e n c e t o t l ' i e w o r l d o f c l a s s i c a l m e c h a n i c s a s o p p o s e d t o 
r e l a t i v i s t i c m e c h a n i c s - , a n d t h e n t o r e - c o n s i d e r R e i c h e n b a c h ' s 
d i s t u r b i n g e x a m p l e o f t h e g e o m e t r y o f t h e o p a q u e p l a n e . 

I n t h e v j o r i d o f N e w t o n i a n m e c h a n i c s , a l l e v e n t s h a v e a b s o l u t e 
c o o r d i n a t e s o f s p a c e a n d t i m e p o s i t i o n , a n d c o n s e q u e n t l y 
a b s o l u t e v a l u e s o f v e l o c i t y a n d a c c e l e r a t i o n . We c a n p r o v i d e a 
c a r t e s i a n f r a m e w o r k f o r t h i s w o r l d w i t h u n i t m e a s u r e s d e f i n e d by 
o u r s t a n d a r d m e t r e a n d o u r s t a n d a r d c l o c k ( s p r i n g m e c h a n i s m 
r a t h e r t h a n p e n d u l u m ) . C a u s a l c o n n e c t i o n o f e v e n t s r e s u l t s f r o m 
m e c h a n i c a l i n t e r a c t i o n , a n d g r a v i t a t i o n a l e f f e c t s a r e n o t 
t r a n s m i t t e d b u t h a v e i m m e d i a t e e f f e c t a t a l l s p a t i a l p o i n t s . We 
h a v e n o r e q u i r e m e n t f o r a d e f i n i t i o n o f s i m u l t a n e i t y , b e c a u s e 
e v e r y o c c u r r e n c e h a s a u n i q u e t e m p o r a l r e f e r e n c e a v a i l a b l e t o 
a l l c ) b s e r v s r s , a n d a m e t r e - l o n g r o d r e m a i n s a m e t r e - l o n g r o d 
w h e t h e r i t i s o n t h e d e s k i n f r o n t o f me o r f i r e d f r o m a c a n n o n . 
I h a v e n o c a u s e t o a t t e m p t t o c h e c k i t s l e n g t h w h i l s t m o v i n g , 
s i n c e a r i g i d b o d y v - j i l l a l w a y s o c c u p y t h e same a m o u n t o f s p a c e 
o n my r e f e r e n c e f r a m e , w h a t e v e r i t s s t a t e o f m o t i o n . We h a v e no 
c a u s e t o be a n x i o u s a b o u t t h i s s y s t e m , o t h e r t h a n t o be u n e a s y 
a t L e i b n i : - : q u e s t i o n i n g t h e v a l i d i t y o f o u r f r a m e s o f r e f e r e n c e . 
I f we now i n t r o d u c e l i g h t i n t o t h e s y s t e m , n o t o n l y a s an o b j e c t 
f o r s c i e n t i f i c s t u d y , b u t a s a t o o l f o r s i m p l i f y i n g d i s t a n t 
m e a s u r e m e n t , we h a v e n o r e a s o n f o r a n x i e t y . I f , l i k e E i n s t e i n , 
we g i v e l i g h t a u n i q u e m e t r i c o f i t s own, we w o u l d r e c o g n i s e 
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t h a t m e a s u r e m e n t w i t h l i g h t m i g h t c o n f l i c t w i t h m e a s u r e m e n t 
b a s e d o n o u r s t a n d a i r d m e t r e . We w o u l d t e n d , i n c a s e o f c o n f l i c t 
b e t w e e n o u r s t a n d a r d m e t r e a n d l i g h t , t o e x p l a i n t h e d i s c r e p a n c y 
i n t e r m s o f t h e b e h a v i o u r o f l i g h t c h a n g i n g a s t h e medium 
t h r o u g h w h i c h i t i s t r a n s m i t t e d c h a n g e s , - g i v e n t h a t i t i s an 
e s t a b l i s h e d f a c t t h a t t h e p r o p e r t i e s o f l i g h t c a n be c h a n g e d i n 
t h i s w a y . I f , h o w e v e r , d i s c r e p a n c y o n l y a r i s e s i n c o n s i d e r i n g 
b o d i e s i n a b s o l u t e m o t i o n , t h e e n v i r o n m e n t a l m e d i u m r e m a i n i n g 
u n c h a n g e d , t h e n i t b e c o m e s n e c e s s a r y t o p r o d u c e a t h e o r y o f t h e 
e f f e c t o n r i g i d b o d i e s o f a b s o l u t e m o t i o n , - a s L o r e n t s d i d . 
R e i c h e n b a c h ' s o b j e c t i o n t o s u c h a t h e o r y w o u l d bp t h a t i t 
i n t r o d u c e s t h e c o n c e p t o f a u n i v e ? r s a l f o r c e w h i c h a f f e c t s a l l 
b o d i e s e q u a l l y , i r r e s p e c t i v e o f t h e i r d i f f e r i n g m a t e r i a l 
c o m p o s i t i o n . T h i s c r i t i c i s m o f h i s seems t o r u n c o u n t e r t o t h e 
t e n d e n c y i n p h y s i c s f o r g r e a t e r g e n e r a l i s a t i o n o f l a w - l i k e 
b e h a v i o u r , a n d t h e n e c e s s a r y c o m p u l s i o n t o u n d e r s t a n d 
d i f f e r e n t i a l e f f e c t s i n t e r m s o f t h e a p p l i c a t i o n o f g e n e r a l i s e d 
c a u s e s ( o r f o r c e s ) t o d i f f e r i n g m a t e r i a l s t r u c t u r e s . What b e t t e r 
g e n e r a l i s e d l a w v ^ i t h i n a s y s t e m o f a b s o l u t e s p a t i a l a n d t e m p o r a l 
r e f e r e n c e s , t h a n a l a w w h i c h a t t r i b u t e s c h a n g e d m e a s u r e d 
p h y s i c a l p r o p e r t i e s t o a b s o l u t e m o t i o n . T h e r e i s n o q u e s t i o n 
t h a t F\'eic h e n b a c h ' s p r i n c i p l e o f e l i m i n a t i o n o f u n i v e r s a l f o r c e s 
d o e s i d e n t i f y a p r i n c i p l e w h i c h i s n e c e s s a r y i n s c i e n c e , a n d 
a c c o r d s v j e i l w i t h O ckham's R a z o r , i n t h a t we s h o u l d n ' t i n t r o d u c e 
n o t i o n s o f s p u r i o u s f o r c e s i n t o s c i e n c e . A g a i n s t a b s o l u t e 
s p a t i a l a n d t e m p o r a l c o o r d i n a t e s , h o w e v e r , l e n g t h c o n t r a c t i o n a s 
a c o n s e q u e n c e o f a b s o l u t e m o t i o n w o u l d b e an o b j e c t i v e f a c t a n d 
c a p a b l e o f d e t e c t i o n . I t w o u l d b e l o n g w i t h i n t h e c a u s a l o r d e r o f 
o u r a b s o l u t e u n i v e r s e . I t i s o n l y when we t r y t o e s t a b l i s h a 
g e o m e t r i c a i l s t r u c t u r e f o r s p a c e a n d t i m e b a s e d o n r e l a t i v e 
r a t h e r t h a n a b s o l u t e s p a t i a l l o c a t i o n s t h a t p h y s i c a l l e n g t h 
c o n t r < a c t i o r i w o u l d a p p e a r a s an a r b i t r a r y h y p o t h e s i s . 

I t c o u l d be a r g u e d t h a t t h e L o r e n t z i a n p h e n o m e n o n o f l e n g t h 
c o n t r a c t i o n a s a new h y p o t h e s i s i s a n i n d i c a t i o n o f s o m e t h i n g 
w r o n g v i i t h o u r g e o m e t r y o f s p a c e a n d t i m e , a n d t h a t t h i s was a 
t e l l i n g e m p i r i c a l b l o w a g a i n s t t h e c o n c e p t o f a b s o l u t e s p a t i a l 
a n d t e m p o r a l c c j o r d i n a t e s . T h i s i s an i n d i c a t i o n p e r h s i p s , b u t t h e 
p r o b l e m w i t h a b s o l u t e s p a c e a n d t i m e i s n o t o n e o f i n a p p r o p r i a t e 
c o o r d i n a t i o n , a s s a y w i t h c h o i c e o f a m e t r i c ; i t i s 
e p i s t e m o l o g i c a l l y v j r o n g , L e i b n i z d e m o n s t r a t e d t h a t t h e l o g i c o f 
a b s o l u t e p o s i t i o n a n d t i m e i s n o t c o h e r e n t , a n d t h e s u b s e q u e n t 
K a n t i a n c o n s t r u c t s o f s p a c e a n d t i m e m a n i f o l d s a r e 
o b s e r v e r - b i a s e d . T h e T h e o r y o f R e l a t i v i t y i s a d e m o n s t r a t i o n t h a t 
t h e w r o n g e p i s t e m o l o g i c a l b a s i s f o r s c i e n c e w i l l p r o v i d e 
i n c o h e r e n t e m p i r i c a l c o n s e q u e n c e s . T h e c o n c e p t o f r e l a t i v e , a s 
o p p o s e d t o a b s o l u t e , s p a t i a l a n d t e m p o r a l d e t e r m i n a t i o n , i s n o t 
a c o o r d i n a t i v e d e f i n i t i o n w h i c h v-je a r e f r e e t o c h o o s e , i t i s a 
l o g i c a l p r e r e q u i s i t e o f c o h e r e n t s c i e n c e . H a v i n g a c c e p t e d 
r e l a t i v e p o s i t i o n , we a r e t h e n f r e t ? t o c h o o s e o u r e m p i r i c a l 
m e t r i c . 

C o n s t r u c t i n g a p h y s i c a l m e t r i c f r o m a r e f e r e n c e s y s t e m i n a 
r e l a t i v i s t i c w o r l d i s w e l l d e s c r i b e d by R e i c h s n b a c h i n PST. We 
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b e g i n by c r e a t i n g a R i 6 ? m a n n i a n r e f e r e n c e g r " i d w i t h oiu'-
d e f i n i t i o n s o f l E s n g t h a n d t i m e m e a s u r e a n d r u l e s o f c o n g r u e n c e . 
The s p a t i a l g r i d c o n s t r u c t e d f r o m r i g i d r o d s i s e a s y t o 
v i s u a l i s e a g a i n s t o u r c a r t e s i a n i n h e r i t a n c e . I n r e l a t i o n t o 
t i m e , we e n v i s a g e p o s i t i n g o u r s t a n d a r d c l o c k s t h r o u g h o u t t h e 
s p a t i a l d i m e n s i o n s , a n d t h e n p r o v i d e o u r s e l v e s w i t h a s i m p l i f i e d 
c a r t e s i a n d i a g r a m o f o n e s p a c e d i m e n s i o n r e l a t e d t o o n e t i m e 
d i m e n s i o n . , T h e o n l y r e a l p r o b l e m we h a v e , a s R e i c h e n b a c h 
c o r r e c t l y e m p h a s i s e s , i s i n m a i n t a i n i n g a c o n c e p t o f 
s y n c h r o n i c i t y t h r o u g h o u t o u r s p a t i a l f r a m e . How do we l o g t h e 
t i m e o f d i s t a n t e v e n t s on o u r l o c a l c l o c k ? I t i s f e a s i b l e , f o r 
e x a m p l e , t o c o n s i d e r , when l o g g i n g t h e 
o b j e c t , t h a t l o c a l t i m e i s r e c o r d e d as 

m o t i o n o f a 
t h e o b j e c t 

m o v i n g 
p a s s e s 

s p e c i f i c p o i n t s , a n d t h e n t h e s e r e c o r d i n g s a r e r e t u r n e d t o b a s e 
f o r c o m p i l a t i o n . F o r e x a m p l e , c o n s i d e r a r a i l w a y l i n e a s a o n e 
d i m e n s i o n a l s p a c e , w i t h s t a n c k - i r d t i m e r e c o r d e r s s e t a t i n t e r v a l s 
a l o n g i t . A s a t r a i n p a s s e s a t i m e r e c o r d e r we g e t a t i m e 
c o o r d i n a t i o n t c j g e t h e r w i t h t h e s p a t i a l c o o r d i n a t i o n . A t t h e e n d 
o f e a c h d a y we a s s e m b l e a l l t h e r e a d i n g s a n d f i l l i n o u r 
t w o — d i m e n s i o n a l c a r t e s i a n c h a r t l o g g i n g t r a i n m o v e m e n t s . We 
c h e c k t h a t o u r time~r£^corders a r e a l l f u n c t i o n i n g n o r m a l l y , by 
b r i n g i n g t h e m b a c k t o baxse a t i n t e r v a l s t o c o m p a r e w i t h t h e 
m a s t e r - c l o c k . We h a v e h a d n o r e q u i r e m e n t f o r s y n c h r o n i c i t y , o n l y 
t h e a x i o m t h a t t i m e r e c o r d e r s ( a n d m e a s u r i n g r o d s ) a r e 
u n a f f e c t e d by t r a n s p o r t a t i o n . We h a v e t w o d i m e n s i o n s on o u r 
m a s t e r c a r t e s i a n c h a r t , a n d f o r e a c h r e c o r d i n g we h a v e t w o 
i n d e p e n d e n t m e a s u r e s , - s o t h e r e c a n be n o a n o m a l i e s o f 
measureemen t , I f we v^j i s h t o s p e e d u p t h e p r o c e s s o f c o o r d i n a t i n g 
o u r r e c o r d i n g s , t h e n we c o u l d u s e a d i r e c t s i g n a l f r o m t h e 
r e c o r d i n g p o i n t s b a c k t o b a s e w h e r e we k e e p o u r c a r t e s i a n c h a r t . 
We h a v e t h e r e b y b y - p a s s e d o u r l o c a l t i m e - r e c o r d e r s w i t h an 
i n d e p e n d e n t s y s t e m , s o t h a t we a r e now i n a p o s i t i o n t o c o m p a r e 
t h i s r e c o r d w i t h t h e e n d ~ o f - t h e - d a y r e c o r d o b t a i n e d by t h e 
t i m e - r e c o r d e r s i n t h e f i e l d . T h e r e i s n o logic£il r e a s o n why 
t h e s e t w o c h a r t s s h o u l d be e x a c t l y a l i k e . D i s c r e p a n c i e s c o u l d be 
d u e t o 5-

.1. I n c o r r e c t a d j u s t m e n t f o r t r a n s m i s s i o n s p e e d o f s i g n a l 
2. S i g n a l d o e s n o t p r o p a g a t e w i t h u n i f o m s p e e d 

e . g . d e c a y o f s p e e d w i t h d i s t a n c e 
'5. R i g i d r u l e r s c h a n g e l e n g t h when t r a n s p o r t e d away 

f r o m b a s e . 
4. C l o c k s c h a n g e vjhen t r a n s p o r t e d , a n d b e h a v e 

d i f f e r e n t l y i n d i f f e r e n t l o c a t i o n s . 

B o t h p o i n t s 1 a n d 2 c a n be r e a d i l y c h e c k e d a g a i n s t o u r s t a n d a r d 
m e t r i c , a n d p r o v i d e d t h a t d i s c r e p a n c i 6 ; s c o n f o r m e d t o r u l e s , t h e n 
a p p r o p r i a t e a d j u s t m e n t s t o r e c o r d e d s i g n a l t i m e s c o u l d be made, 

e f f e c t i v e l y a p r o c e s s o f s y n c h r o n i s a t i o n , 
u s e d t o c h e c k o n 
w h e t. h e r w e a d j u s t 
d i v i s i o n s o n o u r 

m p l e s t a d j u s t m e n t 

e x p e r i m e n t w o u l d h a v e t o be 
s o i t i s a p p r o p r i a t e t o a s k 
o r t h e s p a t i a l a n d t e m p o r a l 
p r a c t i c e we w o u l d make t h e 
a f f e c t e d b v o t i-i e r U'd we mak 

E x a c t l y t h e same 
3 a n d 4, h o w e v e r , 
t h e s i g n a l t i m e s 
m a s t e r - c h a r t . I n 
- w h i c h w o u l d be 

o f m e a s u r i n g i n s t r u m e n t s a n d 
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s i g n a l s . T h e f a c t t h a t we h a v e t o make a d j u s t m e n t s a t a l l , i s 
b e c a u s e w e ' v e o v e r - s p e c i f i e d o u r m e t r i c a n d u s e d t h r e e 
i n d e p e n d e n t p h y s i c a l s y s t e m s t o p r o v i d e a m e a s u r e o f t w o 
i n d e p e n d e n t v a r i a b l e s . T h a t we c a n f i n d a s i g n a l t h a t d o e s 
p r o v i d e a c o r r e l a t i v e s y s t e m o f m e a s u r e m e n t w i t h r i g i d b o d i e s 
a n d s t a n d a r d c i o c k s i i s a n o b j e c t i v e p r o p e r t y o f t h e p h y s i c a l 
w o r l d , a n d r e i n f o r c e s , n o t j u s t t h e r e g u l a r i t y o f t h e p h y s i c a l 
p r o p e r t i e s o f t h e w o r l d , b u t o u r a c c e p t a n c e o f i t s c a u s a l o r d e r . 

R e i c h e n b a c h e m p h a s i s e d t.he r e l a t i c j n s h i p b e t w e e n c a u s a l o r d e r i n g 
a n d t h e u s e o f t h e l i g h t s i g n a l . I f t h e r e i s u n i v e r s a l c a u s a l 
o r d € ? r t h a n i t f o l l o ' w s t h a t t h e r e i s a f i n i t e u p p e r l i m i t t o t h e 
r a t e o f p r o p a g a t i o n o f e f f e c t s . I n s t a n t a n e o u s t r a n s m i s s i o n o f 
a n y e f f e c t s p r e v e n t s a c a u s a l c o n n e c t i o n b e i n g made w i t h i n o u r 
s p a t i a i l f r a m e w o r k . I f t h e r e i s a f i n i t e e u p p e r l i m i t t o r a t e o f 
c a u s a l p r o p a g a t i o n , t h e n i n c h o o s i n g a s i g n a l v e l o c i t y f o r t h e 
s p a t i o - t e m p j o r a l m e t r i c , i t i s i m p o r t a n t t h a t t h e s i g n a l u s e d i s 
a t t h i s u p p e r v e l o c i t y l i m i t , o t h e r w i s e s i g n a l s f r o m d i s t a n t 
o b j e c t s w i l l be o v e r t a k e n b y s u b s e q u e n t e f f e c t s . C h o i c e o f t h e 
s i g n a l m u s t t h e r e f o r e i t s e l f be b a s e d e n t i r e l y on e m p i r i c a l 
c o n s i d e r a t i o n s . T h e f u r t h e r c o n s i d e r a t i o n r e l a t e d t o 
R e i c h e n b a c h • s c o n c e r n f o r t h e r e l a t i o n s h i p taetvjeen t h e c a u s a l 
p r i n c i p l e a n d t h e s p a t i a l m e t r i c , i s t o n o t e t h a t t h e p r i m e 
r e a s o n f o r i n t r o d u c i n g a l i g h t s i g n a l i n t o an a l r e a d y f u l l y 
s p e c i f i e d s p a c e - t i m e m a n i f o l d , i s t o r e l a t e c a u s a l c o n n e c t i o n s 
b e t w e e n d i s t a n t e v e n t s b y 63stab 1 i s h i n g s y n c h r o n i c i t y . The o r d e r 
o f t i m e a n d i t s m e t r i c i s t h u s a f u n c t i o n o f t h e c a u s a l 
s t r u c t u r e o f t h e w o r l d . 

W i t h t h e s e c c j n s i d e r a t i o n s i n m i n d , i t w i l l be f r u i t f u l t o r e t u r n 
t o t h e i n h a b i t a n t s o f R e i c h e n b a c h ' s o p a q u e p l a n e w i t h t h e 
u n u s u a l m e t r i c a l p r o p e r t i e s he d e s c r i b e s . L e t u s p r e s u m e t h a t 
t h e y b u s y t h e m s e l v e s i n i t i a l l y , s o l e l y w i t h t h e i r m e a s u r i n g 
r o d s . U n t i l t h e y e n c o u n t e r t h e a r e a u n d e r t h e h e m i s p h e r e i n t h e 
g l a s s s u r f a c e , t h e y w i l l e s t a b l i s h E u c l i d e a n g e o m e t r i c 
p r o p e r t i e j s . We p r e s u m e t h a t t h e y a d o p t a p r i n c i p l e o f s t r a i g h t 
l i n e s b y o v e r l a p p i n g c o i n c i d e n t r o d s . L e t u s now i m a g i n e t w o o f 
t h e s e i n h a b i t a n t s s e t t i n g o u t f r o m a common p o i n t a t r i g h t 
a n g l e s t o e a c h o t h e r a n d p r o g r e s s i n g a l o n g t a n g e n t s t o t h e 
c i r c u l a r p r o f c l e m arE> a , T h e y s t o p , e a c h a t t h e i r t a n g e n t i a l 
p o i n t , a n d t u r n a r i g h t a n g l e , o s t e n s i b l y t o c o m p l e t e ? t h e o t h e r 
t w o s i d e s o f a s q u a r e m e e t i n g u n d e r t h e c e n t r e - p o i n t o f t h e 
g l a s s h e m i s p h e r e . When t h e y c o m p a r e t h e l e n g t h s t h e y h a v e 
t r a v e l l e d t h e y w i l l d i s c o v e r t h a t t h e m e a s u r e d l e n g t h s o f s i d e s 
i n t h e prablem a r e a a r e a p p r o x i m a t e l y 1.57 t i m e s a s l o n g a s t h e 
s i d e s o f t h e s q u a r e i n t h e E u c i i o ' e a n a r e - a o f t h e i r w o r l d . T h e y 
w o u l d t h e r e u p o n e s t a b l i s h a c o m p l e t e map o f t h i s i n t e r e s t i n g 
p a r t o f t h e i r w o r l d , a n d e i t h e r i n t r o d u c e t h e c o n c e p t o f a 
v a r y i n g u n i v e r s a l f o r c e t h a t a f f e c t s t h e l e n g t h o f r i g i d 
b o d i e s , - ~ ( a n d t h e y c o u l d e s t a b l i s h a c o n t i n u o u s m a t h e m a t i c a l 
f u n c t i o n f o r t h i s d e p e n d e n t o n c o o r d i n a t e p o s i t i o n ) - , o r a 
v i s i o n a r y m a t h e m a t i c i a n c o u l d c o n c e i v e o f a\ t h i r d s p a t i a l 
d i m e n s i o n a n d e x p l a i n t h a t t h i s p a r t o f t h e s u r f a c e a c t u a l l y h a d 
a d i f f e r e n t g e o m e t r y , - i . e . s p h e r i c a l . N o t e t h a t i n t h e 
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s u b s e q u e n t u s e t o w h i c h t h e y p u t e i t h e r o f t h e s e c o n c e p t s , t h e 
p r a c t i c a l o u t c o m e w o u l d be t h e si\me. R e i c h e n b a c h w o u l d a v e r 
t h a t t h e c o n v e r s i o n o f t h e f o r m u l a f o r l e n g t h d i s t o r t i o n i n t o 
t h e g e o m e t r i c a l c o n c e p t o f s p h e r i c a l g e o m e t r y i s t o be 
p r e f e r r e d , b e c a u s e t h e m y s t e r i o u s f a c t o r a f f e c t i n g l e n g t h i s 
r e m o v e d f r o m c o n s i d e r a t i o n . 

I t i s p r e f e r a b l e t o s u s p e n d j u d g m e n t o n w h i c h d e s c r i p t i o n i s t o 
be p r e f e r r e d u n t i l o t h e r f a c t o r s h a v e b e e n c o n s i d e r e d . L e t u s 
p r e s u m e t h a t t h e i n h a b i t a n t s r e s o r t t o s u r v e y i n g t h e i r w o r l d 
w i t h t h e o d o l i t e s , t h a t i s t h a t t h e y i n t r o d u c e a l i g h t m e t r i c . We 
s h a l l p r e s u m e t h a t l i g h t i s u n a f f e c t e d by t h e p r o j e c t e d f o r c e 
f r o m t h e t r a n s p a r e n t s u r f a c e a b o v e . T h e b a s i c l i g h t g e o m e t r y , 
w i t h o u t r e f e r e ? n c e t o n i e a s u r e d l e n g t h , w i l l be c o n s i s t e n t w i t h a 
E i u c l i d e a n w o r l d . G i v e n t h i s a p p a r e n t d i s c r e p a n c y w i t h t h e 
g e o m e t r y b a s e d o n p h y s i c a l m e a s u r e m e n t , t h e i n h s i b i t a n t s w o u l d 
e s t a b l i s h an i n d e p e n d e n t s p a t i a l m e t r i c b a s e d on t h e v e l o c i t y o f 
l i g h t a n d a s t a n d a r d c l o c k . The c o n c l u s i o n f r o m t h i s w o u l d 
s u p p o r t t h e d i a g n o s i s t h a t t h e g e o m e t r y i s E u c l i d e a n , b u t t h a t 
p h y s i c a l o b j e c t s s u f f e r d i m e n s i o n a l d i s t o r t i o n i n o n e p a r t o f 
t h e i r w o r l d . An a l t e r n a t i v e e x p l a n a t i o n w h i c h a c c e p t e d t h e 
s p h e r i c a l g e o m e t r y , w o u l d n e c e s s a r i l y c o n c l u d e t h a t e i t h e r l i g h t 
a c c e l e r a t e s o n t h e s l o p e o f t h e h e m i s p h e r i c a l hump, o r t h a t 
c l c j c k s s l o w e d i n t h e same a r e a . We w o u l d t h u s i n t r o d u c e t h e 
h y p o t h e s i s o f u n i v e r s a l f o r c e s i n t o t h e p h y s i c a l g e o m e t r y t h a t 
h a d beG?n s e l e c t e d t o e l i m i n a t e t h e m . R e i c h e n b a c h d i d n o t p u r s u e 
h i s e x p l o r a t i o n t o t h i s p o i n t , s o we h a v e n o j u d g m e n t f r o m h i m . 
The r e a c t i o n t o a l t e r n a t i v e i n t e r p r e t a t i o n s i s t o s e l e c t t h e 
m o s t u s e a b l e , w h i c h w o u l d be a v i n d i c a t i o n o f C o n v e n t i o n a l i s m . 

R e i c h e n b a c h , h a v i n g e x a m i n e d t h e b a s e s o f t h e m e t r i c s e m p l o y e d 
by t h e S p e c i a l T h e o r y o f R e l a t i v i t y , p r o c e e d s t o e x a m i n e a n d 
e l a b o r a t e o n t h e r e s u l t s o f t h e T h e o r y . He e x p l o r e s t h e 
M i n k o w s k i r e p r e s e n t a t i o n o f t h e s p a c e - t i m e m a n i f o l d a s a 
f o u r - d i m e n s i o n a l s p a c e , a n d he d e m o n s t r a t e s t h a t i f t h e L o r e n t z 
t r a n s f o r m a t i o n i s a p p l i e d t o t h e m e t r i c b a s e d on r i g i d r o d s a n d 
c l c j c k s , t h e n t h e r e s u l t s a r e e n t i r e l y c o n s i s t e n t i - j i t h t h o s e 
o b t a i n e d f r o m " l i g h t - g e o m e t r y " . R e i c h e n b a c h i s e s s e n t i a l l y an 
e n g i n e e r , d r a w i n g o u t a n d e l u c i d a t i n g t h e c o n c l u s i o n s 
a c h i e v e a b l e f r o m E ' i n s t e i n , a n d he e x a m i n e s t h e a p p a r e n t 
p a r i s d o x e s a s s o c i a t e d w i t h c l o c k r e t a r d a t i o n a n d l e n g t h 
c o n t r a c t i o n o f r e l a t i v e l y m o v i n g b o d i e s . He c o m p a r e s l e n g t h 
c o n t r a c t i o n a s e x p l a i n e d by e a c h o f L o r e n t z a n d E i n s t e i n , a n d 
a l t h o u g h he; d e s i g n a t e s t h e L o r e n t z v e r s i o n a s a " r e a l 
o'iffer&nce'\ he p o i n t s o u t t h a t E i n s t e i n ' s v e r s i o n i s n o t "an 
apparent d i f f e r e n c e " b u t -

r e s u l t s f r o m a difference in the conditions of 
mea 3 (.(reme n t 

( R e i c h e n b a c h [ 1 9 5 8 ] , 1 9 7 ) 

I n h i s f i n a l s e c t i o n o f PST, R e i c h e n b a c h e l u c i d a t e s t h e 
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c o n c l u s i o n s o f t h e G e n e r a l T h e o r y o f R e l a t i v i t y . I n h i s 
s u b s e q u e n t a n a l y s i s h e d r a w s t h e c o n l u s i o n t h a t i n a s t a t i c 
g r a v i t a t i o n a l f i e l d , ( a s o p p o s e d t o t h e g r a v i t a t i o n - f r e e 
i n e r t i a l f i e l d s he h a s c o n s i d e r e d i n r e l a t i o n t o t h e S p e c i a l 
T h e o r y ) , t h e g e o m e t r i c a l c o n s e q u e n c e s o f h i s m a t t e r - g 6 3 o m e t r y 
( i . e . u n i t r o d s a n d c l o c k s ) d o n o t c o r r e l a t e w i t h t h e 
g e o m e t r i c a l c o n s e q u e n c e s o f h i s l i g h t - g e o m e t r y . F u r t h e r m o r e , i n 
a v a r y i n g g r a v i t a t i o n a l f i e l d , t h e d e f i n i t i o n o f s i m u l t a n e i t y i s 
a f f e c t e d b y t h e d e p e n d e n c e o f l i g h t v e l o c i t y on v a r y i n g 
g r a v i t a t i o n a l p r o p e r t i e s , w h i c h i n t u r n h a s c o n s e q u e n c e s f o r 
m e a s u r e s o f l e n g t h a n d t i m e . We t h u s h a v e a n o m a l i e s l i k e 

Two r o d s e q u a l l y l o n g when c o m p a r e d a t o n e p l a c e 
a r e n o l o n g e r e q u a l l y l o n g when t h e y a r e a p a r t 

R e i c h e n b a c h t h e r e f o r e d r a w s t h e p a r a d o x i c a l c o n c l u s i o n 

T h e c o u p l i n g o f g e o m e t r y a n d g r a v i t a t i o n t h a t 
f o l l o w s f r o m t h e t h e o r y o f r e l a t i v i t y h a s 
t h e r e f o r e a p e c u l i a r c o n s e q u e n c e . I t s g r e a t e s t 
s u c c e s s c c j n s i s t e d i n i t s e x p l a n a t i o n o f g e o m e t r y , 
i n w h i c h i t r e v e a l e d t h e b e h a v i o u r o f m e a s u r i n g 
i n s t r u m e n t s a s a n e f f e c t o f a g r a v i t a t i o n a l f i e l d . 
B u t t h i s c o n c e p t i o n s u b j e c t s g e o m e t r y t o t h e 
v a r i a b i l i t y o f g r a v i t a t i o n a l p h e n o m e n a , a n d g e o m e t r y 
l o s e s i t s d e f i n i t e n e s s i n f i e l d s i n w h i c h t h e 
a d j u s t m e n t o f m e a s u r i n g i n s t r u m e n t s i s n o t u n i f o r m . 

( R e i c h e n b a c h [ 1 9 5 3 ] , 2 6 5 ) 

I n s u c h c i r c u m s t a n c e s t h e p h y s i c i s t m u s t w o r k w i t h i n f i n i t e 
s p a t i a l a n d t e m p o r a l r e g i o n s , w h e r e , b e c a u s e f i n i t e s p a t i a l 
d o m a i n s o f a n y t o p o l o g i c a l s t r u c t u r e a r e m a p p a b l e o n t o E u c l i d e a n 
s p a c e , i t i s p o s s i b l e t o e s t a b l i s h a t o p o l o g i c a l o r d e r . U n d e r 
t h e s e c i r c u m s t a n c e s , s p a t i a l a n d t e m p o r a l o r d e r i n g i s p o s s i b l e 
o n l y t h r o u g h t h e demand ( c o o r d i n a t i v e d e f i n i t i o n ) t h a t we make 
f o r c a u s a 1 o r d e r i n g 

n o t time order aJcne-, but the combined space-time 
order reveals itself a s the ordering schema 
g o v e r n i n g causal chains and thus as the express ion 
of the c a u s a i structure af the universe. . . - T h e 
s y s t e m o f c a u s a l o r d e r i n g r e l a t i o n s , i n d e p e n d e n t o f 
a n y m e t r i c , p r e s e n t s t h e r e f o r e t h e m o s t g e n e r a l t y p e 
o f p h y s i c a l g e o m e t r y ... I f r i g i d i t y a n d u n i f o r m i t y 
w e r e t o d i s a p p e a r , t h e c a u s a l c h a i n w o u l d s t i l l 
r e m a i n a s a t y p e o f o r d e r . 

( R e i c h e n b a c h [ 1 9 5 8 ] , 2 6 8 ) 

R e i c h e n b a c h •'s f i n a l c o n c l u s i o n i n PST i s a r e a f f i r m a t i o n o f h i s 
e m p i r i c i s m -

The reality of space and time? ... i s s o m e w h a t 
o b s c u r e d b y t h e a p p e a r a n c e o f an e l e m e n t o f 
a r b i t r a r i n e s s i n t h e c h o i c e o f t h e d e s c r i p t i o n . 
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B u t i n s h o w i n g t h a t t h e a r b i t r a r i n e s s p e r t a i n s t o 
c o o r d i n a t i v e d e f i n i t i o n s we c o u l d miake a p r e c i s e 
s t a t e m e n t a b o u t t h e e m p i r i c a l c o m p o n e n t o f a l l 
s p a c e — t i m e d e s c r i p t i o n s , ... M a t h e m a t i c a l s p a c e 
i s a c o n c e p t u a l s t r u c t u r e , a n d a s s u c h i d e a l . 
P h y s i c s h a s t h e t a s k o f c o o r d i n a t i n g o n e o f t h e s e 
m a t h e m a t i c a l s t r u c t u r e s t o r e a i i t y , . . . p h y s i c s 
m a k e s s t a t e m e n t s a b o u t , r e a l i t y , a n d i t h a s b e e n 
c j u r a i m t o f r e e the? o b j e c t i v e c o r e o f t h e s e a s s e r t i o n s 
f r o m t h e s u b j e c t i v e a d d i t i o n s i n t r o d u c e d t h r o u g h 
t h e a r b i r a r i n e s s i n t h e c h o i c e o f t h e d e s c r i p t i o n . 

( R e i c h e n b a c h [ 1 9 5 8 ] , 2 8 7 ) 

I t i s a p p o s i t e t o r e v i e w R e i c h e n b a c h ' s achieve3men t s i n PST. H i s 
p u r p o s e , a s i n d i c a t e d i n h i s I n t r o d u c t i o n , i s t o p r o v i d e a 
c o m p r e h e n s i v e a n a l y s i s o f the? e p i s t e m o l o g y o f s p a c e a n d t i m e i n 
t h e l i g h t o f d e v e l o p m e n t s i n s c i e n c e u p t o t h a t t i m e , a n d 
p a r t i c u l a r l y c o n s e q u e ? n t t o E i n s t e i n ' s Theor'y o f R e ? l a t i v i t y . He 
a c k n o w l e d g e s t h a t t h e l a s t c o m p r e h e n s i v e a n a l y s i s o f s p a c e a n d 
t i m e b a s e d o n a f u l l c o m p r 6 ? h e n s i o n o f c o n t e m p o r a r y p h y s i c s was 
by K a n t i n t h e C r i t i q u e o f P u r e R e a s o n . 

RAK. he h a d s t a t e d t h a t h i s d i s s a t i s f a c t i o n w i t h K a n t ' s 
a n a l y s i s l a y i n K a n t ' s b e l i e f a n d s t a t e m e n t o f m e t h o d t h a t t h e 
a p p r o a c h t o a s t u d y o f s c i e n t i f i c k n o w l e d g e m u s t be b a s e d on t h e 
p r i n c i p l £ 5 S o f r e a s o n , a n d c o n s e q u e n t t o t h a t K a n t ' s p r e s u m p t i o n 
t h a t t h e b a s e s o f k n o w l e d g e - a - p r i o r i s y n t h e t i c j u d g m e n t s -
w e r e e f f e c t i v e l y i m m u t a b l e . I t i s p e r h a p s p e r t i n e n t t o a s s e s s 
K a n t ' s w o r k u s i n g R e i c h e n b a c h ' s own c a t e g o r i e s o f " c o n t e x t o f 
d i s c o v e r y " a n d " c o n t e ; x t o f j u s t i f i c a t i o n " . C e r t a i n l y , K a n t , i n 
h i s j u s t i f i c a t i o n o f t h e C r i t i q u e o f P u r e R e a s o n , a p p e a l s t o a 
s c h e m a o f A r i t o t e l i a n l o g i c , t h a t i s r i g h t l y o p e n t o c r i t i c i s m 
by R e i c h e n b a c h a s a s u i t a b l e s y s t e m f o r a n a l y s i s o f s c i e n t i f i c 
k n c j w l e d g e . K a n t ' s c o n t e x t o f d i s c o ' v e r y , ' t h r o u g h w h i c h he 
s u b j e c t s c o n c e p t s t o e x h a u s t i v e a n a l y s i s , i s , h o w e v e r , t h e 
a p p r o a c h o f t h e s c i e n t i s t / e n g i n e e r who w o r r i e s o v e r a l l p o s s i b l e 
r a m i f i c a t i o n s . R e i c h e n b a c h ' s a p p r o a c h i n PST i s v e r y s i m i l a r , 
e x c e p t i n g t h a t he m a k e s no a p p e a l t c j an e x t e r n a l s y s t e m f o r 
j u s t i f i c a t i o n o f h i s m e t h o d . 

H i s d i s s a t i s f a c t i o n w i t h K a n t ' s c o n c e p t o f a n i m m u t a b l e a - p r i o r i 
l e d h i m t o r e j e c t t h e r e l e v a n c e o f K a n t ' s a n a l y s i s t o t w e n t i e t h 
c e n t u r y s c i e n c e ? , a n d y e t h i s w o r k a c c e p t s t h e K a n t i a n a x i o m t h a t 
k n o w l e d g e i s d e r i v e d by imposing f o r m on e m p i r i c a l c o n t e n t . He 
i s u n s u l l i e d by t h e m e t h o d s o f c l a s s i c a l e m p i r i c i s m o r o f 
l o g i c a l p o s i t i v i s m w i t h t h e p r i m a c y t h e y give? t o u n s t r u c t u r e d 
p e r c e p t i o n s . F o r R e i c h e n b a c h , t h e r e i s a n i n d e p e n d e n t w o r l d 
p r e s e n t e ? d t o u s , w h i c h we come t o t e r m s i - j i t h t h r o u g h a s c h e m e o f 
c o n c e p t s t h a t s h a p e t h e p r e s e n t a t i o n s i n a f o r m t h a t i s u s e a b l e . 
T h u s a l t h o u g h he r e j e c t s K a n t ' s c o n c e p t o f t h e a - p r i o r i , he 
r e p l a c e s t h i s w i t h a s y s t e m o f c o o r d i n a t i v e d e f i n i t i o n s . T h e s e 
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a r e t h e p r e s u p p o s i t i o n s we i m p o s e o n e x p e r i e n c e . I n PST he s e e k s 
t h e c o o r d i n a t i v e d e f i n i t i o n s r e q u i s i t e f o r u s t o h a n d l e t h e 
s p a t i a l a n d t e m p o r a l c o n c e p t s o f p o s t - r e 1 a t i v i s t i c p h y s i c s . I n 
RAK he h a d d i s m i s s e d K a i n t ' s t r i s n s c e n d e n t a l m e t h o d a s b e i n g 
m i s g u i d e d , c r i t i c i s i n g t h a t K a n t s h o u l d h a v e l o o k e d t o t h e 
s u b s t a n c e o f k n o w l e d g e s r s i t h e r t h a n t o t h e l o g i c , a n d y e t i n PST 
he s e e k s o u t t h e n e c e s s a r y c o o r d i n a t i v e ? d e f i n i t i o n s f o r s p a c e 
a n d t i m e b y a p p e a l t o t h e i r s t r u c t u r a l l o g i c r a t h e r t h a n b y 
a n a l y s i n g k n o v ^ j l e d g e o f s p a t i a l a n d t e m p o r a l p r o p e r t i e s . 

He a p p r o a c h e s t h e s u b j e c t w i t h t h e K a n t i a n m e t h o d , taut he 
e n l a r g e s t h e m e t h o d by p u r s u i n g t h e c r i t i c i s m s he made i n RAK; -
"How c a n we d e t e r m i n e t h a t a p a r t i c u l a x r s e t o f c o o r d i n a t i v e 
d e f i n i t i o n s i s t h e m o s t a p p r o p r i a t e ? " a n d " I s a u n i q u e 
c o o r d i n a t i o n i n f a c t a l w a y s p o s s i b l e s ? " . The a n s w e r t h a t he 
p r o v i d e s t o t h e f i r s t o f t h e s e q u e s t i o n s i s i n e f f e c t a d i r e c t 
c r i t i c i s m o f L o r e n t : : ' a t t e m p t s t o r e c o n c i l e E l e c t r o m a g n e t i c 
T h e o r y w i t h t h e M i c h e l s o n - M o r l e y r e s u l t o f t h e c o n s t a n c y o f 
v e l o c i t y o f l i g h t , - we m u s t p r o v i d e e x p l a n a t i o n s o f e m p i r i c a l 
p h e n o m e n a w i t h o u t r e c o u r s e t o universal f o r c e s . 

C a r n a p , i n h i s I n t r o d u c t o r y R e m a r k s t o t h e E n g l i s h E d i t i o n o f 
P'al? d r a w s a t t e n t i o n t o t h i s " f r u i t f u l i d e a " o f R e i c h e n b a c h ' s , 
a n d c o m m e n t s 

I f t h i s p r i n c i p l e i s a c c e p t e d , t h e a r b i t r a r i n e s s 
i n t h e c h o i c e o f a m e a s u r i n g p r o c e d u r e i s a v o i d e d 
a n d t h e q u e s t i o n o f t h e g e o m e t r i c a l s t r u c t u r e o f 
p h y s i c a l s p a c e h a s a u n i q u e a n s v j e r , t o be 
d e t e r m i n e d b y p h y s i c a l m e a s u r e m e n t s , 

F < e i c h e n b a c h r e g a r d e d t h e c o o r d i n a t i v e d e f i n i t i o n s we a p p l y a s 
q u i t e a t r b i t r a r y , u n l i k e K a n t who c l a i m e d n e c e s s i t y f o r h i s 
s p e c i f i c a - p r i o r i c o n c e p t s . I n t h e s i r a p p l i c a t i o n , h o w e v e r , we 
may f i n d t h a t p h y s i c a l p h e n o m e n a a r e s u b j e c t t o u n i v e r s a l 
f o r c e s , — .as L o r e n t s d i d w i t h h i s r e c o n c i l i a t i o n o f t h e 
M i c h e l s o n - M o r l e y e x p e r i m e n t . R e i c h e n b a c h ' s r e s p o n s e t o t h e 
p r e s e n c e o f u n i v e r s a l f o r c e s i s t h a t t h i s i s t h e o u t c o m e o f an 
i n a p p r o p r i a t e s y s t e m o f c o o r d i n a t i v e d e f i n i t i o n s . I n t h e L o r e n t ^ 
c a s e t h i s i s t h e d e f i n i t i o n t h a t a m o v i n g r o d s h o u l d g i v e t h e 
same l e n g t h m e a s u r e a g a i n s t . a r e f e r e n c e f r a m e a t r e s t 
i r r e s p e c t i v e o f i t s r e l a t i v e v e l o c i t y , R e i c h e n b a c h t h e r e f o r e 
g e n e r a l i s e s h i s c o o r d i n a t i v e d e f i n i t i o n s t o r e m o v e t h e a n o m a l y 
o f u n i v e r s a l f o r c e s . D e s p i t e t h i s m o d i f i c a t i o n , h o w e v e r , 
R e i c h e s n b a c h ' s d e f i n i t i o n s a r e s t i l l e s s e n t i a l l y a r b i t r a r y a n d 
t h e r e f o r e n o t n e c e s s a r i l y a u n i q u e s e t , - a s he d e m o n s t r a t e s f o r 
i n e r t i a l r e f e r e n c e s y s t e m s w h e r e l i g h t - g e o m e t r y a x i o m s p r o v i d e 
t h e same o u t c o m e a s m a t t e r - g e o m e t r y a x i o m s . G i v e n a p a r t i c u l a r 
s e t o f d e f i n i t i o n s , a u n i q u e e m p i r i c a l d e s c r i p t i o n w i l l r e s u l t 
once? u n i v e r s a l f o r c e s a r e e l i m i n a t e d . R e i c h e n b a c h ' s d i s p u t e w i t h 
K a n t i s t h e r e f o r e , n o t t h a t we n e e d t o i m p o s e f o r m on e x p e r i e n c e 
t h r o u g h b a s i c c o o r d i n a t i o n s , b u t t h a t t h e r e i s n o n e c e s s i t y f o r 
a p a r t i c u l a r s e t o f c o o r d i n a t i o n s p r o v i d e d t h a t t h e y y i e l d a 
d e s c r i p t i o n o f e x p e r i e n c e w i t h o u t r e c o u r s e t o u n i v e r s a l f o r c e s . 
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Whe?n he s t u d i e s t h e g e ? o m e t r y o f c o m p l e x g r a v i t a t i o n a l s y s t e m s he 
d i s c o v e r s t h a t h i s b a s i c s y s t e m s o f m e a s u r e a r e n o l o n g e r 
a p p r o p r i a t e , a n d t h a t u n i v e r s a l f o r c e f i e l d s a r e n e c e s s a r y t o 
i n t e r p r e t l o c a l g e o m e t r y . He a c k n o w l e d g e s t h a t h i s d e f i n i t i o n s 
o f s p a t i a l a n d t e m p o r a l m e a s u r e m e n t a r e no l o n g e r a p p r o p r i a t e , 
a n d c a n o f f e r o n T y o n e o f h i s c o o r d i n a t i v e d e f i n i t i o n s t o g u i d e 
t h e p h y s i c i s t , ~ nvamel'/ c a u s a l c o n n e c t i o n . I t i - j o u l d a p p e a r t h a t 
w i t h t h i s a d m i s s i o n , K a n t i s f i n a l l y - v i n d i c a t e d . K a n t ' s t h e s i s 
i s t h a t e m p i r i c a l k n o w l e d g e de?mands c a u s a l c o n n e c t i o n ; t h a t 
w i t h o u t i t we l o s e t h e u n i t y o f t h e s p a c e - t i m e m a n i f o l d , a n d 
t h e ? r e f o r e c a u s a l c o n n e c t i o n m u s t be a f e a t u r e o f o u r e m p i r i c a l 
knowlesdge?. Fi;eichenb£ich, i n f a c t , i s n o t s o d o g m a t i c ; he makes n o 
c l a i m t h a t we m u s t a l w a y s f i n d c a u s a l c o n n e c t i o n , a l t h o u g h he 
o f f e r s n o a d v i c e on how t o p r o c e e d i n i t s a b s e n c e . R e i c h e n b a c h 
i s p r 6 ? p a r e d t o a c c e p t t h a t t h e e m p i r i c a l w o r l d may d i s p l a y 
i n s t a n c e s o f l a c k o f c a u s a l o r d e r . 

H i l a r y P u t n a m obseer'ves t h a t F ^ e i c h e n t a a c h g i v e r s a u n i q u e p o s i t i o n 
t o t h e p r i n c i p l e o f c a u s a l c o n n e c t i o n i n h i s a p p a r e n t l y 
C o n v e n t i o n a l i s t a p p r o a c h t o S p a c e a n d T i m e , 

W i t h r e s p e c t t o t h e m e t r i c , a s o p p o s e d t o t h e t o p o l o g y , 
o f s p a c e t i m e , R e i c h e n b a c h ' s p o s i t i o n was a s o p h i s t i c a t e d 
f o r m o f c o n v e n t i o n a l i s m . T h e w o r l d a s i t i s i n i t s e l f 
d o e s n o t have? a u n i q u e m e t r i c ; i t d o e s , h o w e v e r , h a v e 
a u n i q u e t o p o l o g y , a n d t h i s i s d e f i n e d ... i n t e r m s o f 
t h e c a u s a l r e l a t i o n s ( a n d u l t i m a t e l y i n t e r m s o f t h e 
s t a t i s t i c a l r e l a t i o n s ) b e t w e e n t h e e v e n t s o f w h i c h t h e 
w o r 1 d c o n s i s t s . 

( P u t n a m [ 1 9 9 1 ] , 6 9 ) 

We s h o u l d n o t move o n f r o m flSX w i t h o u t r e f e r r i n g t o 
R e i c h e n b a i c h ' s a n a T y s i s o f - v i s u a l i s i n g n o n - E u c l i d e a n s p a c e . H i s 
t r e a t m e n t h a s an e n g i n e e r ' s t h o r o u g h n e s s , a n d i n p a r - t i c u l a r h i s 
i d e n t i f i c a t i o n o f the? way i n w h i c h we u s e d i a g r a m m a t i c 
r B ( : ) r e ? s e n t a t i o n a s a means o f r e s o l v i n g p r o b l e m s , l e n d s i n s i g h t 
t o t h e c o m p u l s i o n we h a v e t o c l i n g t o E u c l i d e a n c o n c e p t s . As he 
p o i n t - s o u t , d i a g r a m s i n a t w o - d i m e n s i o n a l p l a n e a r e s u b j e c t t o 
t h e l o g i c o f t h e p l a n e s u r f a c e , - i . e . o f E u c l i d -, w h i c h i s a 
r e s t r i c t e d s y s t e m o f l o g i c , a n d h e n c e v i s u a l i s a t i o n t e n d s t o be 
l o c k e d i n t o t h i s r e s t r i c t e d s y s t e m . V i s u a l i s a t i o n o f o t h e r 
g e o m e t r i c a l s p j a c e s t h e r e f o r e r e q u i r e s u s t o a c c o m m o d a t e 
d i f f e r e n t a i d s t o p r o b l e m s o l v i n g . 
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C h a p t e r 6 

;;EICHENBACH DN P R O B A B I L I T Y , AND EXPERIENCE AND PREDICTION 

A f t e r comp 1 e t i n g ];h.e P h i l o s o p h y o f S p a c e 
R e i c h e n b a c h r e t u r n e d t o h i s p r e o c c u p a t i o n w i t h 
o f p r o b a b i l i s t i c c o n c e p t s t o s c i e n c e . H i s 
p u b l i c a t i o n o n 
o f T i m e , w h i c h 

a n d T i m e i n 1 9 2 3 , 
t h e a p p l i c a t i o n 

o n e s u b s e q u e n t m a j o r 
t h e p h i l o s o p h y o f s p a c e a n d t i m e i s T h e D i r e c t i o n 
was p u b l i s h e d p o s t h u m o u s l y a n d r e s t a t e s many o f 

t h e a r g u m e n t s o f PS.T, b u t e x t e n d s t h e s c o p e w i t h a p r o b a b i l i s t i c 
c o n s i d 6 ? r a t i o n o f e n t r o p y a n d q u a n t u m m e c h a n i c s . 

E x p e r i e ^ n c e a n d P r e d i c t i o n was p u b 1 i s h e d 
P r o f e s s o r a t t h e U n i v e r s i t y o f I s t a n b u l , 
d e s c r i b e d i n h i s P r e f a c e , o f -

i n 1 9 3 8 w h i l s t he was 
w i t h t h e i n t € - 5 n t i o n , a s 

I t i s t h e i n t e n t i o n o f t h i s b o o k t o show t h e 
f u n d a m e n t a l p l a c e w h i c h i s o c c u p i e d i n t h e s y s t e m 
o f k n o w l e d g e b y t h i s c o n c e p t [ p r o b a b i l i t y ] a n d t o 
p o i n t o u t t h e c o n s e q u e n c e s i n v o l v e d i n a 
c o n s i d e r a t i o n o f t h e p r o b a b i l i t y c h a r a c t e r o f 
k n o w l e d g e . 

( R e i c h e n b a c h C 1 9 3 8 ] , v i ) 

W h i l s t a t s c h o o l , R e i c h e n b a c h h a d b e e n i m p r e s s e d by t h e 
s t a t i s t i c a l m e t h o d s e m p l o y e d by B o l t z m a n n i n a r r i v i n g a t t h e 
t h e r m o d y n a m i c p r o p e r t i e s o f g a s e s . T h i s was p o s s i b l y t h e t r i g g e r 
t h a t s t i m u l a t e d h i s i n t e r e s t i n t h e a p p l i c a t i o n o f p r o b a b i l i s t i c 
c o n s i d e r a t i o n s t o t h e s t u d y o f e m p i r i c a l e v e n t s . B e f o r e 
p r o c e e d i n g w i t h a n a n a l y s i s o f R e i c h e n b a c h ' s w o r k i n t h i s a r e a 
i t i s h e l p f u l t o l o o k s p e c i f i c a l l y a t B o l t z m a n n ' s w o r k . 

Bo I t s f f i a n n ' s T h e o r y 

W h i l s t P r o f e s s o r o f M a t h e m a t i c a l 
Gra!•:, L u d w i g Bo 1 1 z m a n n , i n 1 8 7 2 , 
c a 1 l e d t h e B o 1 1 z man n 
a c c o m m o d a t e t h e a t o m i c 
b e h a v i o u r o f g a s e s . A t 
v e r y much t h e p r o p 6 ? r t y 

P h y s i c s a t t h e U n i v e r s i t y o f 
p u b l i s h e d w h a t h a s s i n c e b e e n 

E q u a t i o n . B o l t s m a n n ' s p r o b l e m was t o 
t h e o r y o f m a t t e r w i t f i t h e t h e r m o d y n a m i c 
t h i s t i m e , e m e r g i n g a t o m i c t h e o r y was 

o f c h e m i s t r y , a n d i t h a d n o t b e e n 
c o m p r e ? h e n s i v e l y i n t r o d u c e d t o a c c o u n t f o r t h e p h y s i c a l 
p r o f j e r t i e s o f m a t t e r . I t was B o l t z m a n n ' s o b j e c t i v - e t o r e m e d y 
t h i s . 

B o l t z m a n n b e g a n b y c o n s i d e r i n g a g a s a s a c o l l e c t i o n o f a v e r y 
l a r g e n u m b e r o f m o l e c u l e s m o v i n g f r e e l y v ^ g i t h i n a c o n t a i n e r a t 
h i g h v e l o c i t i e s , a n d he e l e c t e d t o t r e a t t h i s a s a s t a t i s t i c a l 
a g g r e g a t e . T h e m o l e c u l e s t h e m s e l v e s w e r e c o n s i d e r e d a s m o v i n g 
f r e e l y s u b j e c t t o t h e c o n s t r a i n t s o f ( N e w t o n i a n ) m e c h a n i c s . I f a 
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s n a p s h o t o f t h e m o l e c u l a r a s s e m b l y c o u l d be t a k e n , t h e n t h e 
p o s i t i o n s a n d m o m e n t a o f t h e m o l e c u l e s w o u l d c o n f o r m t o a 
s t a t i s t i c a l d i s t r i b u t i o n ; t h a t i s t h e r e w o u l d be a p r o b a b i l i t y 
f u n c t i o n f o r t h e n u m b e r o f m o l e c u l e s i n a n y s u b - s p a c e o f t h e 
s y s t e ? m , a n d t h i s w o u l d a l s o a p p l y t o t h e n u m b e r o f m o l e c u l e s 
w h o s e m o m e n t a w e r e w i t h i n p a r t i c u l a r l i m i t s . B o l t z m a n n ' s 
h y p o t h e s i s w a s t h a t t h e p r o b a b i l i t y f u n c t i o n w o u l d be G a u s s i a n , 
a n d w o u l d c o r r e s p o n d t o t h a t d e r i v e d by James C l e r k M a x w e l l , 
d e p e n d e n t o n l y o n t h e a b s o l u t e t e m p e r a t u r e a n d e n e r g y o f t h e g a s 
a s a v j h o l e . F r o m t h i s b a s i s B c l t z m a n n i s a b l e t o c a l c u l a t e 
p r o p e r t i e s f o r the? v o l u m e o f g a s a s a w h o l e , a n d a b l e t o a g r e e 
w i t h w e l l - e s t a b l i s h e d r e s u l t s , i n c l u d i n g t h e Sas Law -

PV - NkT 

w h e r e P i s p r e s s u r e , V i s v o l u m e , T i s A b s . T e m p e r a t u r e , 
N i s A v o g a d r o ' s n u m b e r , a n d k i s now B o l t z m a n n ' s c o n s t a n t 

B o l t z m a n n , h o w e v e r , h a d a l s o w i s h e d t o r e c o n c i l e t h e S e c o n d Law 
o f T h e r m o d y n a m i c s v - j i t h c l a s s i c i x l p h y s i c s . The S e c o n d Law a s s e r t s 
t h a t t h e E n t r o p y o f a n i s o l a t e d s y s t e m i n c r e a s e s a s t i m e 
p r o g r e s s e s , t h a t i s t h a t d i f f e r e n c e s i n k i n e t i c e n e r g y betv-jeen 
p a r t s o f t h e s y s t e m d i m i n i s h . A n o t h e r way o f e x p r e s s i n g t h e Law 
i s t h a t i n a d y n a m i c s i t u a t i o n r e c o g n i s a b l e o r d e r c a n d e g r a d e 
i n t o r a n d o m m o t i o n , w h e r e a s t h e r e v e r s e c a n n o t a p p l y . T h u s t h e 
S e c o n d LavM r e p r e s e n t s t h e r m o d y n a m i c p r o c e s s e s a s i r r e v e r s i b l e . 

T h i s c o n c e p t d o e s n o t a p p e a r t o be r e c o n c i l a b l e w i t h N e w t o n i a n 
m e c h a n i c s , w h i c h d o e s n ' t s p e c i f y a p r e f e r r e d t e m p o r a l d i r e c t i o n 
f o r d y n a m i c s y s t e m s . F o r e x a m p l e , i f i t w e r e p o s s i b l e t o f i l m 
the? m o l e c u l e s o f a g a s b o u n c i n g a r o u n d i n t h e i r c o n t a i n e r , a n d 
t h e n t h e f i l m was p l a y e d b a c k w a r d s , e i t h e r d i r e c t i o n o f p l a y i n g 
w o u l d be c o n s i s t e n t w i t h NevMtonian m e c h a n i c a l p r i n c i p l e s ; s o 
t h a t i f e n t r o p y h a p p e n e d t o i n c r e a s e o v e r a s p e c i f i c t i m e 
i n t e r v a l t h e n i t w o u l d d e c r e a s e i n t h i s i n t e r v a l i n t h e r e v e r s e d 
f i l m . 

Eiy a p p r o a c h i n g t h e m o l e c u l a r a g g r e g a t e s t a t i s t i c a l l y , h o w e v e r , 
t h e m o s t p r o b a b l e s t a t e s s o f t h e a g g r e e g a t e a r e t h o s e w h i c h a r e 
m o s t l i k e l y t o be m e a s u r e d , a n d t h e s e a r e t h o s e o f h i g h e r 
e n t r o p y . T h i s c o r r e s p o n d s w i t h t h e e x p e c t a t i o n t h a t t h e m o s t 
p r o b a b l e d i s t r i b u t i o n o f m o l e c u l e s i n a g i v e n s p a c e i s t h e m o s t 
u n i f o r m , - t h a t we w o u l d e x p e c t t h e s p a c e t o be f a i r l y e v e n l y 
f i l l e d b y t h e m o l e c u l e s . T h u s , w h a t e v e r t h e i n i t i a l 
c o n f i g u r a t i o n o f t h e m o l e ? c u l e s , s u b s e q u e n t s ' t a t e s w i l l m o s t 
p r o b a b l y d i s p l a - y u n i f o r m d i s t r i b u t i o n o f s p a t i a l p o s i t i o n a n d 
momentum; - t h a t i s o f h i g h e r e n t r o p y . T h u s B o l t z m a n n h a s 
m o d e l l e d an i r r e v e r s i b l e p r o c e s s i n a c c o r d a n c e w i t h t h e S e c o n d 
Law o f T h e r m o d y n a m i c s a n d i n a p p a r e n t c o n f l i c t w i t h t h e 
r e v e r s i b i l i t y o f N e w t o n i a n m e c h a n i c s . T h i s t h e r e f o r e p r o v i d e s an 
£ippare?nt p a r a d o x o f v i s u a l i s i n g r e v e r s i b l e m e c h a n i c a l e v e n t s 
- y i e l d i n g i r r e v e r s i b l e c o n s e q u e n c e s . We a r e , h o w e v e r , a c c u s t o m e d 
t o t h e f a c t o f t h e m i x i n g p r o c e s s t h a t the? S e c o n d Law 
e f f e c t i v e e l - y r e p r e s e n t s ; a n d B o l t z m a n n g i v e s an e x a m p l e o f t h i s 
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i n a n a d d r e s s t o t h e I m p e r i a l Academy o f S c i e n c e i n 1 8 3 6 , 
( B o i t z m a n n [ 1 9 7 4 ] , 1 3 ~ - 3 2 ) , I m a g i n e a c o l l e c t i o n o f w h i t e a n d 
b l a c k b i l l i a r d b a l l s m o v i n g r a n d o m l y i n a f i n i t e s p a c e , w i t h 
i n i t i a l l y a l l t h e w h i t e b a l l s i n o n e h a l f a n d a l l t h e b l a c k i n 
t h e o t h e r . As t i m e p r o g r e s s e s we w o u l d e x p e c t t o s e e i n c r e a s i n g 
i n t e r m i n g l i n g o f t h e b l e t c k a n d w h i t e b a l l s , a n d w o u l d n ' t e x p e c t 
t o s e e a t a n y s u b s e q u e n t i n s t a n t t h e c o n f i g u r a t i o n o f c o l o u r 
t h a t w e h a d i n i t i a 11 y . 

T h i s p a r a d o x f a s c i n a t e d R e i c h e n b a c h a n d p r o v o k e d h i m t o r e g a r d 
t h e a p p l i c a t i o n o f t h e p r o b a b i l i t y c a l c u l u s t o w a r d s e s t a b l i s h i n g 
e m p i r i c a l l a w s , a s h a v i n g a j u s t i f i c a t i o n i n i t s own r i g h t . He 
r e t u r n e d t o t h i s i s s u e t h r o u g h o u t h i s p h i l o s o p h i c a l c a r e e r . 

I n some r e s p e c t s t h e a n a l o g i e s w i t h t h i n k i n g i n t e r m s o f a 
c o l l e c t i o n o f b l a c k a n d w h i t e b i l l i a r d b a l l s , o r e v e n o f t a k i n g 
a f i l m o f m o v i n g m o l e c u l e s , a r e q u i t e m i s l e a d i n g t o an 
u n d e r s t a n d i n g o f t h e c o n c e p t s o f m o l e c u l e s i n a v o l u m e o f g a s . 

23 
F o r e x a m p l e ; t w o g r a m s o f h y d r o g e n g a s c o n t a i n 6 X 10 
m o l e c u l e s s . T h i s i s a n u m b e r t h a t i s i n c o n c e i v e a b l e i n e v e r y d a y 
t e r m s . I n s t a t i s t i c a l t e r m s , a f t e r m o v i n g f r o m an i n i t i a l g i v e n 
c o n f i g u r a t i o n ( a s w i t h w i t h d r a w i n g a p a r t i t i o n d i v i d i n g t w o 
d i s s i m i l a r g a s e s , o r g a s e s o f d i f f e r e n t t e m p e r a t u r e s ) , t h e 
v a r i a t i o n f r o m p r e d i c t e d v a l u e s f o r t h e e q u i l i b r i u m o f t h e 
r e s u l t a n t g a s w o u l d be w i t h i n an o r d e r o f o n e p a r t i n 10 t o t h e 
p o w e r 1 1 , - m i n i s c u i e a n d e f f e c t i v e l y u n d e t e c t a b l e . 

I f i t w e r e p o s s i b l e , h o w e v e r , t o f o I l o v M t h r o u g h a c o l l e c t i o n o f 
p a r t i c l 6 ? s m o v i n g i n a c l o s e d s p a c e o n N e w t o n i a n p r i n c i p l e s , a n d 
a l a r g e s e r i e s o f r a n d o m s n a p s h o t s w e r e t a k e n o f t h e w h o l e 
c o l l e c t i o n t o measure? p o s i t i o n o r momentum, t h e n t h e s t a t i s t i c a l 
d i s t r i b u t i o n s o f t h e s e m e a s u r e m e n t s w o u l d c o n f o r m t o t h e 
B o l t z m a n n s t a t i s t i c a l m o d e l . The s m a l l e r t h e n u m b e r o f 
p a r t i c l e s , t h e n , a c c o r d i n g t o t h e p r o b a b i l i t y c a l c u l u s , t h e 
g r e a t e - j r the; p r o p o r t i o n a l s c a t t e r o f t h e d i s t r i b u t i o n , b u t on t h e 
f r e q u e n c y s c a l e a p p l i c a b l e t o m o l e c u l e s i n g a s e s t h e 
d i s t r i b u t i o n w o u l d d e ? m o n s t r a t e v i r t u a l l y n o m e a s u r e a b l e s c a t t e r . 

T h e a p p a r e n t p a r a d o x o n l y b e g i n s t o d i s s o l v e when t h e w h o l e 
c o n t e j x t o f t h e s i t u a t i o n i s e x a m i n e d . C o n s i d e r i n g t h e 
r e v e r s i b i l i t y o f N e w t o n i a n m e c h a n i c s , t h e r e i s a t e m p t a t i o n t o 
a s k why t h e i n i t i a l b o u n d a r y c o n d i t i o n s s h o u l d n o t r e c u r ; why 
s h o u l d n ' t d i f f u s e d g u i s e s r e t u r n t o t h e i r i n i t i a l s e p a r a t e d 
c o n d i t i o n a t some? st a g e ? ? T h e r e i s o f c o u r s e a p r o b a b i l i t y t h a t 
t h i s f i i i g h t o c c u r , b u t i t i s s o s m a l l t h a t a l l o w e d t i m e t o s e e i t 
h a p p e n c o u l d be l o n g e r t h a n t h e p r e s e n t h i s t o r y o f t h e U n i v e r s e , 
a n d i t w o u l d be n e c e s s a r y t o c a p t u r e t h e m e a s u r e m e n t o f t h e 
s i t u a t i o n a t t h e p r e c i s e t i m e , - b e f o r e c o n t i n u i n g m o t i o n 
r e - m i x e d t h e m o l e c u l e s . Odd d i s t r i b u t i o n s w i l l o c c u r 
instantaneously i n a n y d y n a m i c s y s t e m o f p a r t i c l e s m o v i n g 
a c c o r d i n g t o N e w t o n i a n p r i n c i p l e s . ; t h e p r o b l e m f o r t h e o b s e r v e r 
o f the? r e a l s i t u a t i o n i s i n c a p t u r i n g t h e m e a s u r e m e n t a t t h e 
p r e c i s e i n s t a n t . Random o b s e r v a t i o n w i l l o n l y c o n f i r m t h a t t h e 
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Se?cond Lsiw o f T h e r m o d y n a m i c s a p D l i e ? s , 

T h e f j a r a d o x o f r e c o n c i l i n c ^ t h e S e c o n d Law w i t h r e v e r s i b l e 
m£?chanics s e e m s t o a r i s e f r o m a c o n f u s i o n o f c o n c e p t i o n o f t h e 
a c t u a l s i t u a t i o n a s i t c a n be o b s e r v e d o r r r i e a s u r e d . We c r e a t e an 
i n i ' h i a l c o n f i g u r ' a t . i o n t h a ' t we i m p o s e on t h e e x p e r i m e n t a l 
s i t u a t i o n ( i n i t i a l b o u n d a x r y c o n d i t i o n s ) , s u c h a s t w o d i f f e r e n t 
g a s e s s e e p a r a t e d by a p a r t i t i o n , a n d t h e n r e l e a s e t h e s y s t e m L-.o 
t h e f r e e p l a y o f d y n a m i c s , - a s i n w i t h d r a w i n g t h e p a r t i t i o n . 
We m u s t n o t t h e n o v e r l o o k the? p r a c t i c a l i t i e s o f t h e o b s e r v i n g 
a n d m e a s u r i n g p r o c e s s i t s e l f , i n c l u d i n g t h e c o n c e p t o f an 
i n s t a n t a n e o u s m e a s u r e o f a d y n a m i c a g g r e g a t e . We may h a v e w i t h i n 
t h e s y s t e m i n i t s s u b s e q u e n t d e v e l o p m e n t w h a t m i g h t be r e g a r d e d 
a s i n s t a n t a n e c j u s s t a t e ? s , w h i c h p e r s i i s t t h r o u g h o n l y t h e s m a l l e s t 
o f t i m e i n t e r v a l s , w h e r e w h a t we w o u l d r e g a r d a s an i m p r o b a b l e 
d i s t r i b u t i o n a p p l i 6 ? s . T h e l i k e l i h o o d o f s u c h a s t a t e c o i n c i d i n g 
w i t h a n " o b s e r v a t i o n " o f t h e s y s t e r r i i s h o w e v e r a l s o i m p r o b a b l e , 
a n d o b s e r v a t i o n s t a k e n r a n d o m l y w i l l o n l y b e a r o u t t h e 
s t a t i s t i s t i c a l p r e d i c t i o n s a s a p p l i e d i n B o l t-zmamn' s a n a l y s i s . 
I t c o u l d p e r h a p s b e o b j e 3 c t e d , when c o n s i d e r i n g the? s i t u a t i o n o f 
a m o l e c u l a r a g g r e g a t e , t h a t i f e v e n i n s t a n t a n e o u s s t a t e s o f 
ord6?r o c c u r t h e n t.he?se s h o u l d make ' t h e m s e l v e s a p p a r e n t . F o r 
e x a m p l e i n a b a t h o f w a t e r a t SO C e n t i g r a d e v-je c o u l d e x p e c t t o 
o b s e r v e ? o c c a s i o n a l l o c a l p o c k e t s o f b o i l i n g v-gater. T h i s c o u l d be 
c o u n t e r e d b y e x a i m i n i n g s t a t i s t i c a l l i k e l i h o o d s , b u t g i v e n t h e 
p o s s i b i l i t y o f a l o c a l i s e d m o l e c u l a r c o l l e ? c t i o n w i t h i n d i v i d u a l 
e n e r g i e s e q u i v a l e n t t o t h a t r e q u i r e d f o r b o i l i n g , we r e q u i r e 
some t e m p o r a l p e r s i s t e n c e f o r i t t o be o b s e r v e d a t t h e 
m a c r o s c o p i c l e v e l . T h e p o s s i b i l i t y o f t h e s t a t e b e i n g a c h i e v e d 
i s i n d e e d o f v e r y l o w p r o b a b i l i t y , b u t e x t e n d i n g t h i s 
p r o b a b i l i t y t o a l l o v M f o r a n y d e g r e e o f p e r s i s t e n c e i n t i m e t o 
a l l o w the? e ? f f e ? c t t o be? n o t i c e a b l e t a k e s u s b e y o n d t h e 
s t a t i s t i c a l p o s s i b i l i t y o f i t s p r a c t i c a b l e a c h i e v e m e n t . The 
e f f e c t s o f m o l e c u l a r . a g g r e g a t e s a t t h e m a c r o s c o p i c l e v e l c a n 
o n l y p r e s e n t t h e m s e l v e s a s p e r s i s t i n g t h r o u g h t e m p o r a l 
i n t e r v a l s , a n d t h e r e f o r e we? c a n o n l y o b s e r v e t h e e f f e c t s o f t h e 
m o s t p r o b a b l e a r r a n g e m e n t , - t h a t i s a s t h o u g h t h e s p a c e i s 
e ? v e n r y f i l l e d w i t h m o l e c u l e s m o v i n g w i t h t h e a v e r a g e m o l e c u l a r 
ene?rgy c o n t e n t . 

B o l t z m a n n h i m s e l f , i n an a r t i c l e i n N a t u r e 5 1 i n 1 8 9 5 , e n t i t l e d 
"On C e r t a i n Q u e s t i o n s o f t h e T h e o r y o f G a s e s " , b e l i e v e d t h a t 
"The S e c o n d Law [ o f T h e r m o d y n a m i c s ] c a n n e v e r be p r o v e d 
m a t h e m a t i c a l l y by means o f t h e e q u a t i o n s o f d y n a m i c s a l o n e " , 
( B o l t z m a n n [ 1 9 7 4 ] , 2 0 4 ) . B o l t z m a n n c o n c l u d e d t h i s a r t i c l e b y 
e x a m i n i n g the? i m p l i c a t i o n s o f t h i s a p p l i c a t i o n o f s t a t i s t i c a l 
m e c h a n i c s t o thE^ t o t a l i t y o f t h e U n i v e r s e -

We assume? t h a t t h e w h o l e uni-verse? i s , a n d r e s t s 
f o r e v e r , i n t h e r m a l e q u i l i b r i u m . T h e 
p r o b a b i l i t y t h a t one? ( o n l y o n e ) p a r t o f t h e u n i v e r s e 
i s i n a c e r t a i n s t a t e , i s t h e s m a l l e r t h e f u r t h e r 
t h i s - s t a t e i s f r o m t h e r m a l e q u i l i b r i u m ; b u t t h i s 
p r o b a b i l i t y i s g r e a t e r , t h e g r e a t e r t h e u n i v e r s e 
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i t s e ? l f i s . I f we assume? t h e u n i v e r s e g r e a t e n o u g h 
v^e c a n make t h e p r o b a b i l i t y o f o n e r e l a t i v e l y s m a l l 
p a r t b&?ing i n a n y give?n s t a t e . „ .as g r e a t a s we 
p l e a s e . Wĉ  c a n a l s o make t h e p r o b a b i l i t y g r e a t 
t h a t , t h o u g h the? whole? u n i v e r s e i s i n t h e r m a l 
e q u i l i b r i u m , o u r w o r l d i s i n i t s p r e s e n t s t a t e . 

( B o 1 t z m a n n [ 1 9 7 4 ] , 2 0 3 , 2 0 9 ) 

I n a l e ? c t u r e "On S t a t i s t i c a l M e c h a n i c s " g i v e n t o t h e S c i e n t i f i c 
C o n g r e s s i n S t L o u i s i n 1 9 0 4 , E i o l t z m a n n d e v e ? l o p s t h e i d e a t h a t 
i n a m a c r o s c o p i c u n i v e r s e , r e l a t i v e l y m i c r o s c o p i c r e g i o n s w i t h i n 
i t w i l l s h o w a p p a r e n t d e c r e a s e s o f e n t r o p y . 

I f o n l y , t h e r e f o r e we i m a g i n e t h e w o r l d a s l a r g e 
e n o u g h , t h e n a c c o r d i n g t o t h e c a l c u l u s o f p r o b a b i l i t y 
t h e r e w i l l s u p e r v e n e now h e r e now t h e r e ? r e g i o n s o f 
t h e d i m e n s i o n s o f t h e s y s t e m o f t h e f i x e d s t a r s 
t h a t h a v e q u i t e a n i m p r o b a b l e d i s t r i b u t i o n o f s t a t e s . 
B e r t h d u r i n g t h e i r f o r m a t i o n anci d u r i n g t h e i r 
d i s s o l u t i o n t h e t e m p o r a l c o u r s e w i l l be 
u n i - d i r e c t i o n a l i f t h e r e a r e i n t e l l i g e n t b e i n g s i n 
s u c h a l o c a t i c j n t h e y m u s t g a i n t h e same i m p r e s s i o n 
c?f t i m e a s we d o , a l t h o u g h t h e t e ? m p o r a l c o u r s e o f 
t h e u n i v e r s e a s a w h o l e i s n o t u n i - d i r e c t i o n a l . 

( B o l t z m a n n [ 1 9 7 4 ] , 7 4 ) 

T h u s E i f o l t z m a n n h a s a l s o i n d i c a t e d a c o r r e s p o n d e n c e b e t w e e n an 
i n c r e a s e ? o f e n t r o p y w i t h a n o b j 6 ? c t i v e d e t e r m i n a t i o n o f t h e 
d i r e c t i o n o f t i m e . T h i s i d e a i s l a t e r d e v e l o p e d by R e i c h e n b a c h 
i n h i s taocjk The? D i r e c t i c j n o f T i m e , 

R e i c h e e n b a c h a n d S t a t i s t i c a l A n a l y s i s 

R e i c h e ? n b a c h ' s f i r s t p u b l i c a t i o n s on P r o b a b i l i t y w e r e i n 1920 
w i t h t h e a p p e a r a n c e o f "The P h y s i c a l P r e s u p p o s i t i o n s o f t h e 
C a l c u l u s o f P r o b a b i l i t y " i n Z e i t s c h r i f t f u r P h y s i k 2 NQ2 
..(.150 1 7 1 ) , a n d "A P h i l o s o p h i c a l C r i t i q u e o f t h e P r o b a b i l i t y 
Ca 1 c u 1 u s " i n Die? N a t u r w i s s e n s c h a f t e n 3 No3 ( 1 4 6 - 1 5 - 3 ) . I n t h e 
f i r s t . o f t h e s e paipesrs he d e t e r m i n e s t o p r o v i d e a n o b j e c t i v e 
b a s i s fc?r p r o b a b i l i t y 

t h e r e a c t u a l l y e x i s t o b j e c t i v e s t a t e s o f a f f a i r s 
t h a t c a n be e x h a u s t i v e ? l y d e s c r i b e d by means c^f 
p r o b a b i l i t y l a w s ( R e i c h e n b a c h [ 1 9 7 8 ] , v . 2 , 2 9 6 ) 

He? t h e n p r o c e ? e d s t o d e v e l o p h i s t h e o r y o f o b j e c t i v e p r o b a b i l i t y 
a s a l i m i t i n g f r e q u e n c y f r o m a p o t e n t i a l l y i n f i n i t e s e r i e s o f 
c j c c u r r e n c e s 

We w i l l t h e r e f c j r e d e f i n e a s e q u i p r o b a b l e t h o s e 
case?s t h a t , w i t h r e p e t i t i o n , c o n v e r g e m o r e a n d 
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more c l o s e l y toward an equal number of 
r e a l i s a t . i o n s 

(Reichenbach [19783,v.2, 296) 

In t h e second paper he c o n s i d e r s the e p i s t e m o l o g i c a l 
s i c j n i f i c a n c e of g i v i n g o b j e c t i v e s i g n i f i c a n c e t o p r o b a b i l i t y 
measures of e m p i r i c a l r e g u l a r i t y . T h i s vjork r e l a t e s e n t i r e l y t o 
h i s K a n t i a n g r o u n d i n g ^ and h i s method i s 

th e i n v e s t i g a t i o n o f the c o m p a t i b i l i t y between t h i s 
h y p o t h e s i s and t h e p r i n c i p l e of c a u s i - i l i t y i n order 
t o p r e s e n t t h e possibility of the laws of p r o b a b i l i t y . 
Only a f t e r w a r d s v ^ i l l we t u r n t o a demonstration of 
t h e i r n e c e s s i t y f o r p h y s i c a l knowledge. 

(Reichenbach [ 1 9 7 8 ] , v . 2 , 314) 

L i k e F-'oincare p r e v i o u s l y , Reichenbach takes as h i s example the 
r o t a t i o n o f a r o u l e t t e wheel as an event t h a t can be repeated 
and p r o v i d e measureable r e s u l t s . D e s p i t e a study of many of the 
causal f a c t o r s a t work,, and a t t e m p t s t o c o n t r o l them,, the 
r o u l e t t e wheel w i l l n o t s t o p each time i n e x a c t l y the same 
p o s i t i o n . T h i s i s a f e a t u r e of t h e p h y s i c a l w o r l d ; i t i s not 
p o s s i b l e t o reproduce eexactly a l l p o t e n t i a l causal d e t e r m i n a n t s . 
We v j i l l o b t a i n a c o n t i n u o u s frequency d i s t r i b u t i o n of 
d i s c r e p a n c i e s from the mean probable t o t a l angle turned by the 
wheel. T h i s d i s t r i b u t i o n r e p r e s e n t s the e f f e c t s of the 
v a r i a t i o n s i n i n i t i a l c o n d i t i o n s f o r which we have made no 
causal allowance?. Thus, i n r e p r e s e n t i n g f a c t o r s f o r which no 
causal c o n n e c t i o n has been made? w i t h the outcome, the 
d i s t r i b u t i o n o f f e r s no c o n t r a d i c t i o n t o the causal p r i n c i p l e . 
T h i s i s n o t a d e n i a l t h a t causal f a c t o r s may be a t work i n 
d e t e r m i n i n g t h e d i s c r e p a n c i e s , but i t i s an independent 
o b j e c t i v e f a c t t h a t d i s c r e p a n c i e s t h a t do occur w i l l conform t o 
a c o n t i n u o u s frequency d i s t r i b u t i o n . Reichenbach thereby 
demonstrates t h a t t h e p r i n c i p l e of p r o b a b i l i t y can co-e;;ist w i t h 
the- p r i n c i p l e of c a u s a l i t y . 

In l o o k i n g a t t h e n e c e s s i t y of t h e p r o b a b i l i t y p r i n c i p l e f o r 
e m p i r i c a l knovsfledge, Reichenbach d i s t i n g u i s h e s between judgments 
i n mathematics and l o g i c as, " s t i p u l a t i v e judgments" and 
judgments o f p h y s i c a l 6?vents as " r e a l i t y judgments". Using the 
concept e l u c i d a t e d i n t h e same year i n RAK, of " c o o r d i n a t i o n s " , 
he d e s c r i b e s how we can o n l y c o o r d i n a t e conc£-?pts t o e m p i r i c a l 
o b j e c t s , whereas i n mathematics vje n e c e s s a r i l y must com p l e t e l y 
d e f i n e and s p e c i f y the concepts we a r e u s i n g . A " r e a l i t y 
judciment" t h e r e f o r e r e l a t e s t o o b j e c t s which are o n l y 
o s t e n s i v e ^ l y d e f i n e d , but i n i n c o r p o r a t i n g them w i t h i n a 
s c i e n t i f i c system we are o b l i g e d t o c o o r d i n a t e these o s t e n s i v e 
concejpts w i t h mathe?matical s t r u c t u r e s . We are making i d e a l i s e d 
a p p r o x i m a t i o n s . Thus, i n r e l a t i n g t h e E a r t h ' s g r a v i t a t i o n a l 
c o n s t a n t t o Newton's u n i v e r s a l c o n s t a n t , we i d e a l i s e the? E a r t h 
as a s p h e r i c i f i i mass. Even i f we a t t e m p t t o be more p r e c i s e and 
a l l o w f o r t h e f l a t t e n i n g o f the p o l e s , we are s t i l l making 
approximate i d e a l i s a t i o n s ; i t i s p h y s i c a l l y i m p o s s i b l e t o make 
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f u l l a l l o w a n c e f o r every w r i n k l e on the E a r t h , - and i n f a c t 
q u i t e l o g i c a l l y i m p o B B i b l e t o have a p e r f e c t mathematical 
r e s a l i s a t i o n o f a p h y s i c a l o b j e c t . Thus, any c o n c l u s i o n we form 
of a l a w - l i k e n a t u r e about p h y s i c a l o b j e c t s , i n c l u d e s the n o t i o n 
t h a t t h i s i s an i d e a l i s e d a p p r o x i m a t i o n . Any measure we make of 
a phy s i c a i l c o n s t a n t i s t h e r e f o r e an a p p r o x i m a t i o n . Thus, a 
d e m o n s t r a t i o n o f causal c o n n e c t i o n makes i m p l i c i t allowance f o r 
the a p p r o x i m a t i o n o f a c t u a l measurement and e l i m i n a t i o n of 
d i s t u r b i n g f a c t o r s . I n f o r m u l a t i n g e m p i r i c a l laws, we are 
t h e r e f o r e pre^supposirig t h a t o b j e c t i v e i n d e t e r m i n a c y conforms t o 
t h e p r i n c i p 1 e of p r o b a b i 1 i t y . 

ExpjandinQ t h e Kantian i d e a , we must now d e c l a r e the 
law of d i s t r i b u t i o n t o be an a - p r i o r i p r i n c i p l e of 
knowledge i n j u s t t h i s sense. For i t i s l i k e w i s e a 
necessary p r e s u p p o s i t i o n of knov-jledge, and we may says 
I f p h y s i c a l knowledge e x i s t s , then the p r i n c i p l e of 
d i s t r i b u t i o n i s v a l i d . 

(Reichenbach [1978 "J, v. 2, 325) 

Reichenbach's argument f o r a c c e p t i n g the p r i n c i p l e of o b j e c t i v e 
p r o b a b i l i t y i s cogent, and y e t i t i s not immediately c l e a r 
whether or n o t i t i s a s i g n i f i c a n t c o n t r i b u t i o n t o the work of 
Kant and C a s s i r e r , or whether i t has a n y t h i n g l i k e the 
s i g n i f i c a n c e of h i s own work on " c o o r d i n a t i v e d e f i n i t i o n s " . 
I m a g i n i n g t he s e t t i n g o f F<eichenbach i n h i s l a t e teens and e a r l y 
t w e n t i e s , we have the im p r e s s i o n o f an a m b i t i o u s young engineer, 
b u r s t i n g w i t h enthusiasm f o r p h y s i c a l e x p l a n a t i o n of the w o r l d , 
c o n f i d e n t i n h i s c a p a b i l i t y i n mathematics t o master any 
developments i n p h y s i c s , and w i t h a de e p l y - h e l d b e l i e f t h a t 
u n d e r s t a n d i n g must come th r o u g h e p i s t e m o l o g y , and p a r t i c u l a r l y 
t h r o u g h t h e i n s p i r a t i o n o f Kant. He sees the shortcomings i n 
Kant, due l a r g e l y t o t h e p h y s i c s and mathematics of the 
E i g h t e e n t h Century, and of course he w i l l have worked through 
some of these w i t h t h e s c h o l a r l y C a s s i r e r - I t i s understandable 
t h a t , w i t h h i s own a b i l i t i e s and un d e r s t a n d i n g of post-K a n t i a n 
p h y s i c s and mathematics, he should want t o make h i s ov-jn mark on 
epistemology5 a r e a l s c i e n t i s t p r o v i d i n g a proper r e v i s i o n of 
the p h y s i c s of Kant, r a t h e r than r e v i s i o n coming from the 
s c h o l a r s of the neo-Kantian t r a d i t i o n . At school he encountered 
Boltzmann's statistic£\l t r e a t m e n t of molecular c o l l e c t i o n s , and 
the a p p l i c a t i o n of p r o b a b i l i s t i c reasoning t o o t h e r aspects of 
p h y s i c s would have appealed t o him. Did he, as a consequence, 
d i s t o r t t h e s i g n i f i c a n c e of o b j e c t i v e p r o b a b i l i t y , or has he 
made a r e a l r e i n f o r c e m e n t of Kant's basic a - p r i o r i p r i n c i p l e s ? 
The imagery t h a t suggests i t s e l f , i s of the g r e a t man Kant 
s i t t i n g a t h i s desk w r i t i n g h i s C r i t i q u e , w i t h h i s e n t h u s i s t i c 
young son t u g g i n g e a g e r l y a t h i s c o a t - t a i l s , being h e l p f u l , and 
p o i n t i n g t o a s m a l l i n k - b l o t on the paper. 

We are most aware of t h e problem of o b j e c t i v e i n d e t e r m i n a c y when 
we come t o make measurements, which i s g e n e r a l l y i n the 
s c i e n t i f i c r ealm, Reichenbach, i n h i s a n a l y s i s , s p e c i f i e s two 
sour c e s , - t h e e f f e c t s o f causal i n f l u e n c e s n o t accounted f o r . 
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and t h e d i s c r e p a n c y of e m p i r i c a l r e a l i t y from our mathematical 
model. I t i s o b j e c t i v e i n d e t e r m i n a c y t h a t i s under s c r u t i n y , so 
we can i g n o r e v a r i a b i l i t y a s s o c i a t e d w i t h measurement. We must 
ac c e p t , w i t h Reichenbach, t h a t i t i s not p o s s i b l e i n any 
p h y s i c a l s i t u a t i o n t o make allowance f o r a l l p o s s i b l e causi^l 
f a c t o r s , - i t i s a p h y s i c a l i m p o s s i b i l i t y . I t may be, of course, 
t h a t t h e p r e c i s i o n of measurement we r e q u i r e makes generous 
all o w a n c e f o r a l l p o s s i b l e causal d i s t u r b a n c e s t o the measuring 
process. For example, i f 1 read my speedometer on the motorway, 
and i t d i s p l a y s 60 m.p.h., I'm p e r f e c t l y s a t i s f i e d t h a t a l l the 
p o t e n t i a l causes of d i s c r e p a n c y between " a c t u a l " and "recorded" 
are i n s u f f i c i e n t t o condemn me as a law-breaker. I f the 
speedometer i s d i s p l a y i n g 70 m.p.h. and a p o l i c e - c a r i s 
f o l l o w i n g me c l o s e l y , then i t i s l i k e l y t o occur t o me t h a t the 
c a l i b r a t i o n of my speedometer was e f f e c t e d i n England and not 
S w i t z e r l a n d , and t h a t i t i s a t l e a s t a month s i n c e I checked my 
t y r e p r e s s u r e : a prudent 65 m.p.h. i s recommended. In such 
i n s t a n c e s where we r e c o g n i s e t h a t we haven't taken account of 
a l l i n f l u 6 5 n c e s , we accept t h a t t h e r e i s a continuous 
d i s t r i b u t i o n of d i s c r e p a n c y , but we f u l l y understand t h a t t h i s 
i s t he e f f e c t of causai i n f . i uences - The a - p r i o r i p r i n c i p l e , or 
c D o r d i n a t i v e d e f i n i t i o n , we employ, i s t h a t of causal 
c o n n e c t i o n . We expect a p r o b a b i l i t y d i s t r i b u t i o n because of our 
aceptance th£\t t h e p h y s i c a l w o r l d i s c a u s a l l y connected. We are 
n o t i n v o k i n g another p r i n c i p l e of u n i f o r m i n d e t e r m i n a c y . 

A l t h o u g h , when a n a l y s i n g t h e e p i s t e m o l c g y of the p r o b a b i l i t y 
d i s t r i b u t i o n , Reichenbach considered the Roul6?tte-wheel , and 
hence d i s c r e p a n c i e s due t o u n i d e n t i f i e d causes, h i s argument f o r 
i n c l u s i o n of the p r i n c i p l e as a — p r i o r i i s based on the 
r e l a t i o n s h i p betwec^n t h e i d e a l mathematical models employed by 
s c i e n c e w i t h t h e i r i m p e r f e c t p h y s i c a l correspondences. He i s 
e f f e c t i v e l y c l a i m i n g t h a t we make allowance f o r the f a c t t h a t 
what's o u t t h e r e i s a l i t t l e b i t more awkv>jard than our 
r e p r e s e n t a t i o n s on b i t s of paper i n diagrams or mathematical 
models, but t h a t we are secure i n t h i s because we understand 
t h a t t h e d i s c r e p a n c y behaves i n a u n i f o r m manner. Our s e c u r i t y , 
however, s u r e l y comes from our acceptance of the p r i n c i p l e t h a t 
c a u sal c o n n e c t i o n o p e r a t e s i n the p h y s i c a l w o r l d , and provided 
t h a t w<3 have taken i n t o account the major i n f l u e n c e s , then we 
e x p e c t s m a l l d i s c r e p a n c i e s between model and a c t u a l , - due t o 
the causal f a c t o r s t h a t we have i g n o r e d . We a l s o expect these 
d i s c r e p a n c i e s t o conform t o a c o n t i n u o u s d i s t r i b u t i o n due t o the 
m u l t i p l i c a t i v e e f f e c t s o f a v e r y l a r g e number of f a c t o r s of 
d e c r e a s i n g s i z e . Thus having modelled the E a r t h as a sphere, and 
made due allowance f o r t h e f l a t t e n i n g a t the p o l e s , I g i v e some 
c o n s i d e r a t i o n t o t h e uneven s u r f a c e d i s t r i b u t i o n o f land and 
v-jater and then choose t o i g n o r e t h i s , and I c e r t a i n l y don't even 
c o n s i d e r t h e d i s t r i b u t i o n o f p o p u l a t i o n s , or of p l a n t - l i f e , or 
t h a t t h e r a b b i t p o p u l a t i o n of A u s t r a l i a i s d e c r e a s i n g . Because 
the p h y s i c a l w o r l d i s c a u s a l l y o r d e r e d , we are enabled t o make 
models t h a t are u s e f u l . There i s no independent a - p r i o r i 
p r i n c i p l e of p r o b a b i l i t y d i s t r i b u t i o n t h a t we a p p l y , o n l y a 
p r i n c i p l e of causal connectedness. Reichenbach i s c o r r e c t t o 



i l l u m i n a t e how p r o b a b i l i s t i c c o n s i d e r a t i o n s e n t e r i n t o a l l 
measurement of p h y s i c a l t h i n g s , but he i s misguided i n r a i s i n g 
t h i s t o a - p r i o r i s t a t u s . 

iiiiLfigJliJiil£!i an d_, 

EP begins by s e t t i n g o u t the task of epistemology, which i s 
d e f i n e d as "the r a t i o n a l r e ^ c o n s t r u c t i o n of the c o n t e x t o f 
j u s t i f i c j s t i o n [ o f s c i e n t i f i c knowledge]". Reichenbach uses the 
d e s i g n a t i o n " c o n t e x t o f j u s t i f i c a t i o n " , as d i s t i n c t from the 
" c o n t e x t o f d i s c o v e r y " , as a means of d i s t i n g u i s h i n g the 
systfi'matic p r e s e n t a t i o n of an idea as an i n t e g r a l component of 
s c i e n c e . The r a t i o n a l r e c o n s t r u c t i o n must i n c l u d e an a n a l y s i s of 
those; "de^cisions" t h a t d i r e c t l y a f f 6 ? c t the form i n which 
s c i e n t i f i c knowledc^e i s presented. The " d e c i s i o n s " r e f e r r e d t o 
i n t h i s c o n t e x t are? t h e " c o o r d i n a t i v e d e f i n i t i o n s " of PST and 
RAK, and i t i s noteworthy t h a t Reichenbach has changed h i s 
nomenclature. He does i n d i c a t e t h a t i t i s not always easy t o 
d i s c e r n where a " d e c i s i o n " a c t u a l l y has t o be made, - as w i t h 
E i n s t e i n ' s d i s c o v e r y of the r e l a t i v i t y of s i m u l t a n e i t y . He a l s o 
wishes t o exaimine f u l l y what i s e n t a i l e d by such s p e c i f i c 
" d e c i s i o n s " , t o a v o i d the misconceptions of "extreme? 
C o n v e n t i o n a l i s m " . H i s c r i t i c i s m of Conv e n t i o n a l i s m , as d e f i n e d 
by f-'oincare, i s t h a t , a l t h o u g h i t has served a u s e f u l f u n c t i o n 
i n e l u c i d a t i n g t h e v o l i t i o n a l aspects of knowledge, i t has not 
s u f f i c i e n t l y pursue?d the l o g i c a l i n t e r c o n n e c t i o n s and 
consequences t h r o u g h t o the o b j e c t i v e aspects of knowledge. 

A n a l y s i s begins w i t h a r6?view of the f u n c t i o n of language i n 
s c i e n c e . T h i s begins w i t h "meaning"-

Meaning i s a f u n c t i o n which symbols a c q u i r e by 
being put. i n t o a c e r t a i n correspondence w i t h f a c t s . 

(Reichentaach [ 1 9 3 8 ] , 17) 

Thus Reichenbach i s m a i n t a i n i n g c o n s i s t e n c y w i t h h i s e a r l i e r 
o s t e n s i v e d e f i n i t i o n s o f e m p i r i c a l concepts. Although "meaning" 
can be d e f i n e d i n t h i s way, he £xf f i r m s t h a t i t i s on l y 
p r o p o s i t i o n s which can express meaning. Re?ich6;ntaach g i v e s t h r e e 
p r o p e r t i e s t o p r o p o s i t i o n s ; - "meaning", " t r u t h " , and "weight". 
I t i s necessary t o be c l e a r how Reichenbach i n t e n d s t o use the 
p r o p e r t i e s o f " t r u t h " and "weight". A p r o p o s i t i o n can o n l y be 
" t r u e " o r " f a l s e " i n r e l a t i o n t o the f a c t s . Thus the statement 
" J u l i u s Caesar was i n B r i t a i n . " i s e i t h e r t r u e or f a l s e . With a 
h i s t o r i c a l state?ment of t h i s k i n d , we may n o t be c e r t a i n which 
v a l u e t o g i v e t h e p r o p o s i t i o n , but as a matter of f a c t t h e r e i s 
no doubt t h a t i t i s e i t h e r t r u e or f a l s e . On the o t h e r hand, 
g i v e n t h e i m p e r f e c t s t a t e o f our knovjledge, we may wish t o 
a t t a c h a "weight" t o the p r o p o s i t i o n , and t h i s w e i g h t i n g may 
change as nev'̂ i f a c t s are o b t a i n e d . On t h e o t h e r hand, the n o t i o n 
of w e i g h t i n g i s redundant i f we are de?aling w i t h immediate? f a c t s 
l i k e " I t i s r a i n i n g o u t s i d e . " 
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T r u t h - v a l u e , t h e r e f o r e , i s an a b s o l u t e p r e d i c a t e 
of p r o p o s i t i o n s , and weicjht a r e l a t i v e p r e d i c a t e . 

(Reichenbach [ 1 9 3 8 ] , 27) 

I n t r o d u c t i o n o f t h e " t r u t h " concept i n t r o d u c e s us t o a 
c o n s i d e r a t i o n o f v e r i f i a t a i 1 i t y and the P o s i t i v i s t i n t e r p r e t a t i o n 
"a p r e p o s i t i o n has mesning iff and only if, it i s v e r i f i a b l e as 
truB or f a i s e ' ' . Reichenbach wishes t o add a second d e f i n i t i o n i n 
or d e r t o secures t h e essence of "meaning" r a t h e r than l e a v i n g t he 
d e f i n i t i o n o n l y dependent on t r u t h - v a l u e ; "two sentiences have 
the .same mesning if they o b t a i n t//e same determination as t r u e 
o r false by every possible observation'', (Reichenbach [1938 3,31). 

Reichenbaich t h u s s e t s o f f on an a n a l y s i s of the p o s s i b i l i t y o f 
v e r i f i c a t i o n , which i s c r u c i a l t o h i s epistemology and p r o v i d e s 
a sharp d i s t i n c t i o n o f h i s e m p i r i c i s m from l o g i c a l p o s i t i v i s m -
True to h i s p a t i e n t method he c a r e f u l l y examines each concept 
t h a t o c c u r s . He begins w i t h t he " p o s s i b i l i t y " of v e r i f i c a t i o n , 
and c o n s i d e r s t h r e e s t a n d p o i n t s , - t e c h n i c a l , p h y s i c a l , and 
l o g i c a l . The most r e s t r i c t i v e c a t e g o r y i s t h a t of t e c h n i c a l 
p o s s i b i l i t y , i n t h a t f o r example i t i s not t e c h n i c a l l y p o s s i b l e 
tnoi'j) t o s p e c i f y t h e d e t a i l e d s t r u c t u r e of a human chromosome, 
a l t h o u g h i t i s p h y s i c a l l y p o s s i b l e . L i k e w i s e , l o g i c a l 
p o s s i b i l i t y i s t h e broadest c a t e g o r y , i n t h a t f o r example i t i s 
l o g i c a l l y p o s s i b l e t o assess i f l i f e e x i s t s i n a galaxy i n a 
remote paxrt of t h e u n i v e r s e , but. i t i s p h y s i c a l l y i m p o s s i b l e t o 
check t h i s . Thus we hawe t o be c l e a r about how a process of 
v e r i f i a b i 1 i t y i s t o be a p p l i e d . When these d i s t i n c t i o n s i n types 
of p o s s i b i l i t y are a p p l i e d t o the d e f i n i t i o n of "same meaning", 
they a\lso apply d i f f e r e n t l y , as i n the example Reichenbach 
gives--

I t i s p h y s i c i H l l y i m p o s s i b l e t o f i n d f a c t s which 
c o n f i r m the? s t a t e m e n t , "A moves towards B", and do 
not c o n f i r m t h e s t a t e m e n t , "B moves towards A", -
t h i s i s the c o n t e n t o f E i n s t e i n ' s p r i n c i p l e o f 
r e l a t i v i t y . ... ( b u t ) i t i s l o g i c a l l y p o s s i b l e 
t o imagine a v j o r l d i n vMhich the p r i n c i p l e of 
r e l a t i v i t y does n o t h o l d . 

(Reichenbach [ 1 9 3 8 ] , 44,45) 

Reichentaach therefore? l o o k s towards P o s i t i v i s m and Pragmatism 
f o r f u r t h e r guidance. He i n t r o d u c e s t h e concept of indirect 
verification, t h a t i s of indirect propositions which can be 
co n v e r t e d i n t o an e q u i v a l e n t s e r i e s of direct p r o p o s i t i o n s . , - and 
d i r e c t stat6?ments are capable of v e r i f i c a t i o n by d i r e c t 
o b s e r v a t i o n or measurement. Reichenbach r e j e c t s t h a t i t i s 
possible? i n a l l cases t h a t i n d i r e c t p r o p o s i t i o n s can be 
co n v e r t e d t o a s e r i e s of d i r e c t o b s e r v a t i o n a l p r o p o s i t i o n s . For 
example, the s t a t e m e n t , "The te?mperature a t the c e n t r e of the 
Sun i s f o r t y m i l l i o n degrees C e n t i g r a d e " , can not be d i r e c t l y 
v e ? r i f i e d due t o our p h y s i c a l l i m i t a t i o n s , a l t h o u g h i t i s 
p o s s i b l e t o make t h i s statement and i t has a meaning f o r a 
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p h y s i c i s t i n a v e r i f i a b l e sense. The F ' o s i t i v i s t c o n t e n t i o n would 
be t h i ^ t t h e s t a t e m e n t i s e q u i v a l e n t t o a chain of reasoning 
based on d i r e c t o b s e r v a t i o n , and i n c l u d i n g f o r example 
s t a t e m e n t s about t h e measurement of i n t e n s i t y of heat from t h e 
Sun a t t h e s u r f a c e of the E a r t h , and measures of mass and 
d i s t a n c e of t h e Sun. Reichenbach's r e j e c t i o n of t h i s i s t h a t 
such an i n d i r e c t p r o p o s i t i o n c o n t a i n s elements t h a t are 
g e n e r a l i s a t i o n s and i n d u c t i v e r e a s o n i n g , and i s always more than 
a f i n i t e s e t of s i m p l e o b s e r v a t i o n a l p r o p o s i t i o n s . An i n d i r e c t 
p r o p o s i t i o n o f t h i s t y p e c o n t a i n s p r o b a b i l i s t i c i m p l i c a t i o n s . 

We are f o r c e d , t h e r e f o r e , t o make a d e c i s i o n : 
e i t h e r t o renounce i n d i r e c t sentences and cons i d e r 
them as meaningless or t o renounce a b s o l u t e 
v e r i f l a b i l i t y as t h e c r i t e r i o n o f meaning. 

(Reichenbach [ 1 9 3 8 ] , 53) 

Reichenbach t h e r e f o r e r e c a s t s h i s two d e f i n i t i o n s of meaning i n 
terms o f " w e i g h t " , r a t h e r than " t r u t h " . He a l s o r e s t r i c t s t h e i r 
a p p l i c a b i l i t y t o " p h y s i c a l p o s s i b i l i t y " as opposed t o " l o g i c a l 
p o s s i t a i 1 i t y " , because -

those p r o p o s i t i o n s which demanded l o g i c a l p o s s i b i l i t y 
f o r o b t a i n i n g meaning w i t h i n t h e t r u t h t h e o r y r e c e i v e 
meaning w i t h i n t h e p r o b a b i l i t y t h e o r y as i n d i r e c t 
p o p o s i t i o n s . 

(Reichenbach C193S], 54) 

His tv^o d e f i n i t i o n s o f meaning are t h e r e f o r e -

a p r o p o s i t i o n has meaning i f i t i s p o s s i b l e t o 
dete r m i n e a w e i g h t , i . e . , a degree of p r o b a b i l i t y 
f o r t h e p r o p o s i t i o n . 

two sentences have the same meaning i f they obt^^in 
the same w e i g h t , o r degree of p r o b a b i l i t y , by every 
p o s s i b l e o b s e r v a t i o n . 

(Reichenbach [ 1 9 3 8 ] , 54) 

T h i s t r a n s f e r from t r u t h t o V'^eight has r e s o l v e d a problem of 
p o s i t i v i s m which o f f e r s a narrower d e f i n i t i o n of "meaning" than 
i s accepted i n c u r r e n t use. Reichenbach has allowed t h a t a 
p r o p o s i t i o n has meaning i f we can make a p h y s i c a l a p p r a i s a l of 
i t s v a l i d i t y as opposed t o an a b s o l u t e judgment of i t . The 
p o s i t i v i s t r e p l y c o u l d be t h a t "We have no r i g h t t o make 
s t a t e m 6 ; n t s i f we are unsure of t h e i r t r u t h , u n l e s s we i n c l u d e a 
p r o b a b i l i s t i c q u a l i f i c a t i o n w i t h i n them, which i s then 
v e r i f i a b l e " . T h i s i s a v a l i d o b j e c t i o n t o Reichenbach, a l t h o u g h 
the conseque^nce would be t o rephrase a l l s c i e n t i f i c c o n c l u s i o n s 
based on i n d u c t i v e r e a s o n i n g . Reichenbach's d e f i n i t i o n i s 
prefeerred, because i n p r a c t i c e i t s consequences are s i m p l e r . 

Reichenbach i s concerned t o r e l a t e h i s r e d e f i n i t i o n s of 
"meaning" i n a p o s i t i v e way t o both P o s i t i v i s t s and P r a g m a t i s t s , 
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but f i r s t o f f e r s sharp c r i t i c i s m of W i t t g e n s t e i n ' s r a d i c a l i s m . 
W i t t g e n s t e i n had m a i n t a i n e d t h a t we have no knowledge of f u t u r e 
e v e n t s , and t h e r e f o r e , a l t h o u g h they are v c - 3 r i f i a b l e i n the sense 
t h a t we can wait, t o t e s t them, we cannot e m p h a t i c a l l y g i v e such 
p r o p o s i t i o n s a t r u t h - v a l u e now, Reichenbach i s c r i t i c a l of t h i s 
" i n t e l l e c t u a l a s c e t i c i s m which has suppressed a l l understanding 
o f t h e ' b r i d g i n g ' task o f s c i e n c e - the task o f c o n s t r u c t i n g a 
b r i d g e from t h e known t o t h e unknown,from the past t o the 
f u t u r e " ,(Reichenbach L'1938'J, 7 5 ) . Reichenbach wants p r o p o s i t i o n s 
t h a t he can "use", and he approves of Carnap's "degree of 
c o n f i r m a t i o n " . He a l s o o f f e r s t o Pragmatism a r e c a s t i n g , -
" t h e r e i s as much meaning i n a p r o p o s i t i o n as can be u t i l i s e d 
f o r a c t i o n " , ( R e i c h e n b a c h C1938], 8 0 ) . 

F:eichenbach c o n t i n u e s h i s a n a l y s i s of "meaning" of a concept, 
and wishes t o c o n t r a s t h i s p o s i t i o n w i t h a c r i t i c a l a n a l y s i s of 
pDs.l'tivism. He c r e a t e s an imaginary w o r l d f o r h i s reader t o 
i l l u s t r a t e more c l e a r l y the p o i n t he wishes t o make, namely t h a t 

t h e r e i s a s u r p l u s meaning i n t h e statement 
about the e x i s t e n c e of e x t e r n a l t h i n g s . 

(Reichenbach [ 1 9 3 8 ] , 104) 

In o t h e r words, a s t a t e m e n t about an e m p i r i c a l o b j e c t always 
c o n t a i n s more meaning than does a f i n i t e c o l l e c t i o n of* 
s t a t e m e n t s of s u b j e c t i v e i m p r e s s i o n s . 

Reichenbach g i v e s us an image of a w o r l d -

i n which the whole of mankind i s imprisoned i n a 
huge cube, t h e w a l l s of which are made of sheets 
o f V'jhite c l o t h , t r a n s l u c e n t as t h e screen of a 
cinema but not permeable by d i r e c t l i g h t r a y s . 
O u t s i d e t h i s cube t h e r e l i v e b i r d s , the shadows 
of which are p r o j e c t e d on t h e c e i l i n g of the cube 
by t h e sun rays,; 

(Reichenbach [ 1 9 3 8 ] , 115,116) 

The men i n s i d e the cube can ' t d i r e c t l y see the b i r d s , o n l y t h e i r 
shadows on t h e c e i l i n g , and, because t h e r e i s a system of 
m i r r o r s o u t s i d e t h e cube, they can a l s o see shadows on one of 
the v e r t i c a l wallEr>. We are invite?d t o e n t e r t h i s w o r l d and 
observe vvihat t h e i n h a b i t a n t s make of i t . The i n i t i a l c o n c l u s i o n 
w i l l be t h a t they a r e i n h a b i t i n g a cube shaped w o r l d , on whose 
e x t e r n a l w a l l s black d o t s move. Reichenbach suggests t h a t a t 
some st a g e a "Copernicus" v j i l l emerge who w i l l c o r r e l a t e the 
shapes moving on t h e c e i l i n g w i t h the movements on the v e r t i c a l 
w a l l . Thus i f a d i s t i n c t i v e shape, - f o r example w i t h a long 
"neck"-, moves across the c e i l i n g , then a s i m i l a r d i s t i n c t i v e 
shape w i l l move across the w a l l . A l s o , f o r example, i f two 
shapes on t h e c e i l i n g appear t o f i g h t , t h e r e w i l l be a 
s i m u l t a n e o u s f i g h t between s i m i l a r shapes on the w j a l l . 
Copernicus w i l l then suggest a novel t h e o r y t h a t -
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the? s t r a n g e correspondence . . cannot be a matter 
of chance .. but e f f e c t s caused by one i n d i v i d u a l 
t h i n g s i t u a t e d o u t s i d e the cube w i t h i n f r e e space. 
He c a l l s these t h i n g s " b i r d s " and says t h a t these 
are? animals f l y i n g o u t s i d e the? cube, , hs^ving an 
e x i s t e n c e of t h e i r own, and t h a t t he black s p o t s 
are n o t h i n g but shadows. 

(Reichenbach [ 1 9 3 8 ] , 118) 

Reichentaach the?n s e t s o u t the c r i t i c i s m of t h i s t h e o r y t h a t 
would be made by t h e P o s i t i v i s t s . 

a l l t h a t i s s a i d about your b i r d s i s i n f e r r e d 
from t h e black d o t s and i s t h e r e f o r e e q u i v a l e n t 
t o s t. a t e? m e? n t s about the d o t s . 

Thus a l t h o u g h t h e correspondence obs6;rved between t he do t s on 
the tvMO s u r f a c e s i s a d i s c o v e r y , no new c o n t e n t i s added by 
p o s t u l a t i n g independent e n t i t i e s o u t s i d e the c u b i c a l w o r l d which 
i s u n a v a i l a b l e t o the i n h a b i t a n t s . As i t i s i m p o s s i b l e t o make 
an e x t e r n i - i l v e r i f i c a t i o n , no new meaning i s added by the 
h y p o t h e s i s o f e x t e r n a l otaje?cts. 

Reich£?nbach i n t e r p r e t s t h i s r e f u t a t i o n by 
t h e i r h o l d i n g t o a b s o l u t e v e r i f i-abi 1 i t y . 

P o s i t i v i s t s as due t o 

I t i s c o n c l u s i v e i f we accept n o t h i n g but t r u t h 
and f a l s e h o o d as pre?dicates of p r o p o s i t i o n s ; but 
i t i s no lo n g e r so i f we i n t r o d u c e i n t e r m e d i a t e 
v a l u e s - i f isie i n t r o d u c e the? p r e d i c a t e of we i g h t . 

(Reichenbach [ 1 9 3 8 ] , 120) 

Re?ichentaach m a i n t a i n s , however, t h a t a p h y s i c i s t would be 
i n c l i n e d t o accept "Copernicus'" t h e o r y t h a t i t i s h i g h l y 
i mprobable t h a t cor re? 1 a t i o n s c o u l d occur between the shadow 
a c t i v i t y on t h e c e i l i n g and t h a t on t h e w a l l , unless they were 
each t h e c.ons6?que?nces of a c t i v i t y of some o b j e c t s , - the 
" b i r d s " . I n o t h e r words t h e p h y s i c i s t would be l o o k i n g f o r the 
common cause? of these? c o r r e l a t e d e f f e c t s . He t h e r e f o r e draws the 
c o n c 1 u s i o n t h a t -

T h i s means t h a t t he p h y s i c i s t i n s i s t s on the 
s u r p l u s meaning of h i s i n t e r p r e t a t i o n n o t because 
i t has l o g i c a l meaning taut because i t has p h y s i c a l 
p r o t a a b i 1 i t y meaning, 

(Reichenbach [ 1 9 3 8 ] , 121) 

Reichenbach' s c o n t s j n t i o n i s t h a t i f "weight" value 
c o n s i d e r a t i o n s r a t h e r than " t r u t h " v a l u e c o n s i d e r a t i o n s are 
a p p l i e d t o the? views o f each of the P o s i t i v i s t s and Copernicus, 
then t h e Copiernican view has g r e a t e r weight than t he view which 
re?fus6?s t o concede the p o s s i b l e background causal c o n n e c t i o n . 
Thus a l t h o u g h i n te?rms of a b s o l u t e v e r i f i a b i 1 i t y and 

117 



t r u t h - v a l u e , the hypoth£?sis o f the? b i r d s i s a meaningless 
at.ddition t o the^ F ' o s i t i v i s t a n a l y s i s , i n terms of p h y s i c a l 
p r o b a b i l i t y and w e i g h t the h y p o t h e s i s o f the b i r d s give?s 
a d d i t i o n a l meaning t o t h e f a i c t s . 

Reichenbach concedes t h a t t h e P o s i t i v i s t i s q u i t e e n t i t l e d t o 
modify h i s p o s i t i o n t o accept t he c o r r e l a t e d behaviour on w a l l 
and c e i l i n g w i t h o u t adding t o i t t he h y p o t h e s i s of the b i r d s . I n 
o t h e r words he would be a c c e p t i n g a causal connection between 
the p a t t e r n s on w a l l and c e i l i n g . He would thus have the same 
p r e d i c t i v e p o t e n t i a l from h i s the^ory as Copernicus would have 
from h i s . Reichenbach, however, i n s i s t s t h a t Copernicus' view 
s t i l l r e s g i s t e r s a highesr p r o b a b i l i t y , - weight -, than does the 
P o s i t i v i s t ' 5 view i n t h a t he p r o v i d e s a vje 11-understood causal 
mechanism f o r i t s r e a l i s a t i o n , - i . e . l i g h t p r o j e c t i n g shadows 
from o b j e c t s -; whereas the F - ' o s i t i v i s t w i l l o f f e r no such 
h y p o t h e s i s which i n v o l v e s a c t i v i t y i n an i n a c c e s s i b l e domain. 

The p r o b a b i l i t y c o n c e p t i o n of meaning, the?refore, 
a l l o w s us t o d i s t i n g u i s h between t h e o r i e s which 
f u r n i s h , f o r a l l o b s e r v a b l e consequences of a c e r t a i n 
domain, t h e saxme w e i g h t , even i f n o t h i n g but f a c t s 
of t h i s domain are a t our d i s p o s a l f o r the p r o b a b i l i t y 
i n f e r e n c e s . 

(Reichenbach [ 1 9 3 8 ] , 124) 

Reichenbach's c o n t e n t i o n , t h e r e f o r e , i s t h a t a th e o r y about the 
w o r l d , o r a concept used i n i t s d e s c r i p t i o n , draws i t s 
s i g n i f i c a n c e from the:> degree t o which i t i s i n t e g r a t e d w i t h our 
u n d e r s t a n d i n g o f t h e ove;rall causal s t r u c t u r e of p h y s i c a l 
r e a l i t y . H i s p o s i t i o n i s a k i n t o t h a t of C a s s i r e r , who 
i n t e r p r e t e d t h e de?velopment of knowledge i n terms of i t s 
" p r o g r e s s i v e u n i f i c a t i o n " . 

Reichenbach does n o t r e s t h i s case a g a i n s t the inadequacy of 
P o s i t i v i s m , taut wishes t o pursue t he chimera of "a b s o l u t e 
v e r i f i c a t i o n " . He t h e r e f o r e supposes t h a t the r u l e s of the 
c u b i c a l w o r l d are broken and i t become?s p o s s i b l e t o p e n e t r a t e 
t h e c e i l i n g and look o u t . In seeing the b i r d s , one might 
suppose, the h y p o t h e s i s of Copernicus would be upheld. 
Reichenbach, however, o f f e r s us a t h e o r y t h a t might e x p l a i n the 
b i r d s as o p t i c a l images produced by l i g h t coming from the 
shadows on the w a l l or c e i l i n g , and from what you see t h i s could 
n o t be di s m i s s e d as f a l s e , but o n l y "improbable". Reichenbach 
t h e r e f o r e c l e a r l y makes the p o i n t t h a t t h e r e i s no such t h i n g as 
a " d i r e c t o b s e r v a t i o n " o f the f a c t s , o n l y -

an i n c r e a s e i n we i g h t f o r the t h e o r y of t h e b i r d s 
b u t n o t a v e r i f i c a t i c? n . 

(Reichenbach [ 1 9 3 8 ] , 125) 

Reichenbach has demonstrated t h a t the methods of Physics employ 
s t a t e m e n t s whose meaning i s based on d e f i n i t i o n s of weight or 
h i g h e r p h y s i c a l p r o b a b i l i t y . I n p a r t i c u l a r -
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C o n s i d e r i n g obser-vations o f t h e physica 11 y 
inaxccessible domain, we do not o b t a i n f a c t s which 
v e r i f y s t a t e m e n t s c o n c e r n i n g t h i n g s s i t u a t e d t h e r e 
but o n l y f a c t s which c o n f e r h i g h e r weight t o such 
s t a t e m e n t s . £(ut then t h e r e i s o n l y a d i f f e r e n c e of 
degrese w i t h r e s p e c t t o statements based on f a c t s 
observed w i t h i n t h e a c c e s s i b l e domain. 

(Reichenbach [ 1 9 3 8 ] , 127) 

H i s c o n c ]. u s i o n .i. s -

Th i s ovB-rre-Aching c h a r a c t e r of p r o b a b i l i t y i n f e r e n c e s 
i s t h e basic method of the knowledge of n a t u r e . 

(Rei c hen bac h [ 1 9 3 8 ] , 127) 

Reichenbach makes scant r e f e r e n c e t o Kant i n EF'_, but h i s 
r e f u t a t i o n o f t h e P o s i t i v i s t concept of "meaning" i s based 
e n t i r e l y on t h e Kant i a n premiss t h a t knowledge must be gi v e n 
form, and i s n o t d i r e c t l y g i v e n i n o b s e r v a t i o n s . He i s not 
t a k i n g i s s u e w i t h C o n v e n t i o n a l i s m i n t h i s s p e c i f i c a n a l y s i s , but 
the i m p l i c a t i o n i s t h a t a system of knowledge i s p r e f e r a b l e 
which p r o v i d e s h i g h e r "weight" t o i t s t h e o r i e s , and i n essence 
p r o v i d e s a more i n t e g r a t e d s t r u c t u r e of causal e x p l a n a t i o n . 

F^;eichenbach c o n t i n u e s w i t h h i s ex^^mination of the d i s t i n c t i o n 
between " p o s i t i v i s m " and " r e a l i s m " by i n v e s t i g a t i n g the 
r e s p e c t i v e language s t r u c t u r e s t h a t each employ, w i t h h i s 
c o n c l u s i o n t h a t they employ d i s t i n c t languages, - and he c r e d i t s 
Carnap w i t h t h i s o b s e r v a t i o n , (Reichenbach [ 1 9 3 3 ] , 145). The 
language t h a t a P o s i t i v i s t must adopt i s not our normal language 
and would l i m i t us i n i t s p r a c t i c a l u s e f u l n e s s , whereas -

p r o b a b i l i t y mesining ... leads t o an u n r e s t r i c t e d 
language. T h i s ., i s a d e c i s i v e argument f o r p r e f e r r i n g 
p i r o b a b i l i t y meaning. ., [ t h i s ] leads t o the r e a l i s t i c 
language of a c t u a l scie^nce; 

(F<eichenbach [ 1 9 3 8 ] , 153) 

He r e t u r n s t o the concept of "meaning" i t s e l f . E i g h t years 
b e f o r e W i t t g e n s t e i n p u b l i s h e d h i s P h i l o s o p h i c a l I n v e s t i g a t i o n s 
Fceic henbach p r o v i d e s us w i t h the; concept of "meaning as 
f u n c t i o n " . 

F''ropositions are t o o l s v j i t h which we o p e r a t e ; a l l we 
can demand i s t o be a b l e t o ma n i p u l a t e these t o o l s . ... 
Meaning i s a f u n c t i o n of p r o p o s i t i o n s ; i t i s t h a t 
f u n c t i o n which i s expressed i n t h e i r u s e f u l n e s s as 
i n s t r u m e n t s f o r our a c t i o n s upon the w o r l d . 

(Reichenbach [ 1 9 3 8 ] , 159,160) 

Thus I'jhen we d i s c u s s t h e "meaning" of a p r o p o s i t i o n , t t i i s i s not 
"something" t h a t i s a c r y s t a l l i s e d e n t i t y , -
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"has meaning", i s always t o be understood i n the 
sense of t h e a d j e c t i v a l term " i s s i g n i f i c a n t " . 

(Reichenbach [ 1 9 3 8 ] , 158) 

pA'ei Chen bach' s f i n a l r e f u t a t i o n of the p o s i t i v i s t concept of 
a b s o l u t e v e r i f i a b i 1 i t y i s t h r o u g h an examination of statements 
of d i r e c t i m p r e s s i o n s . Even statements of s e n s a t i o n c o n t a i n more 
than t h e s e n s a t i o n i t s e l f i n t h a t they make r e f e r e n c e t o o t h e r 
s e n s a t i o n s , - they c a t e g o r i s e . My present s e n s a t i o n of greenness 
i s o n l y e x p r e s s i b l e i n r e l a t i o n t o a wider concept of greenness; 
i t i s based on an a p p r e c i a t i o n of a p o t e n t i a l l y i n f i n i t e c l a s s 
of green e x p e r i e n c e s ; i t i s based on presumptions of r e l i a b i l i t y 
of memory; and i t i s based on hypotheses of c o n s i s t e n c y of 
judgmv^nt. A s t a t e m e n t of i m p r e s s i o n may have g r e a t "weight", but 
i t i s n o t a b s o l u t e l y v e r i f i a b l e i n the pure sense t h a t 
p o s i t i v i s m r e q u i r e s . 

There i s no Archimedean p o i n t of a b s o l u t e c e r t a i n t y 
l e f t t o which t o a t t a c h our knowledge of the w o r l d ; 
a l l we hawe i s an e l a s t i c n e t of p r o b a b i l i t y 
c o n n e c t i o n s f l o a t i n g i n open space. 

(Reichenbach [ 1 9 3 8 ] , 192) 

F-rom t h i s p o i n t o f h i s a n a l y s i s , Reichenbach i n v e ^ s t i g a t e s how vje 
a c t u a l l y s e t about c o n s t r u c t i n g our knowledge of the w o r l d , 
d i f f e r e n t i a t i n g between d i f f e r e n t c l a s s i f i c a t i o n s of f a c t s as 
having d i f f e r e n t " w e i g h t s " . The b a s i s of our p h y s i c a l knowledge 
comes from t h e " c o n c r e t a " t h a t surround us i n our everyday 
e x i s t e n c e . These are t h e o b j e c t s p r e s e n t t o us w i t h immediate 
e f f e c t . I t i s n o t t h a t we have sensory impressions of them t h a t 
p r o v i d e s us w i t h a secure f o u n d a t i o n i n them, but t h a t they are 
r e l i a b l e i n an o b j e c t i v e sense. I t i s from o b s e r v a t i o n of these 
t h a t we move on t o o t h e r knowledge ( i n e v i t a b l y of lower w e i g h t ) , 
of o t h e r l e s s a c c e s s i b l e c o n c r e t a , and of " a b s t r a c t a " and 
" i l l a t a " . As examples of o t h e r c o n c r e t a , Reichenbach i l l u s t r a t e s 
w i t h " f o r e i g n people" and "unseen machines", - t h i n g s f o r which 
evidence i s l e s s d i r e c t f o r us t h a n , f o r example, t h i s desk and 
c h a i r , taut they are t h i n g s of which we are f a i r l y sure given the 
e s t a b l i s h e d t r u s t we are enabled t o b u i l d up i n our sources of 
f a c t s t h a t a r e c o n t i n u a l l y c o n f i r m e d . As Reichenbach concedes, 
t h e r e i s no c l e a r demarcation between c o n c r e t a and a b s t r a c t a , 
cind our r e a d i n e s s t o accept a b s t r a c t a i s an e x t e n s i o n of our 
knowledges of c o n c r e t e t h i n g s and i s j u s t i f i e d i n i t s confirmed 
and repeated u s e f u l n e s s . The " i l l a t a " are a f u r t h e r group w i t h 
no c l e a r boundary s e p a r a t i n g them from c o n c r e t a , and we need 
o n l y r e t u r n t o t h e lessons of the c u b i c a l w o r l d t o a p p r e c i a t e 
t h i s . The " b i r d s " , when i n a c c e s s i b l e t o us, were what 
Reichenbach would d e f i n e as " i l i a t a " , - i . e . p r o b a b i l i t y 
i n f e r e n c e s but as he demonstrated, even when we are able t o 
"see" them d i r e c t l y t h r o u g h a hole i n the c e i l i n g , t h e i r 
e x i s t e n c e as c o n c r e t a i s s t i l l q u e s t i o n a b l e . O b j e c t s which we 
inisr - as f o r example atoms - are r e a l o b j e c t s , a l t h o u g h t h e i r 
" v j e i g h t " might n o t be as h i g h as t h a t of o b j e c t s more 
im m e d i a t e l y a v a i l a b l e t o d i r e c t sensory a p p r e c i a t i o n . Thus 
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Reichenbach s i d e s w i t h Boltzmann a g a i n s t Mach's d e n i a l of atomic 
r e a l i t y as "a r e d u c i b l e complex of c o n c r e t a " . We thus b u i l d up 
our " e l a s t i c n e t of p r o b a b i l i t y c o n n e c t i o n s " based on the most 
f a m i l i a r o b j e c t s s u r r o u n d i n g us. Reichenbach g i v e s us h i s 
a n t h r o p o l o g i c a l assessment -

Our immediate w o r l d i s the o b j e c t i v e w o r l d of p r i m i t i v e 
man; ... T h i s p r i m i t i v e knowledge? f u r n i s h e s the frame 
of d e s c r i p t i o n i n t o which we a u t o m a t i c a l l y press t h i n g s 
i n seeing them. 

(Reichenbach [ 1 9 3 8 ] , 222) 

We ta£?gin w i t h knowledge of our immediate environment, and 
t h r o u g h infe'rences from t h i s open up the s t r u c t u r e of the l e s s 
accessible? w o r l d , t r a c i n g t h r o u g h t h e causal c o n n e c t i o n s . T h i s 
i s n o t p o s s i b l e on t h e b a s i s of a b s o l u t e c e r t a i n t y , but i s 
a c h i e v e a b l e o n l y i f we employ the? concept of i n f e r r i n g 
p r o b a b i 1 i s t i c a i l l y „ Thus " t r u t h " of an o b j e c t i v e s t a t e of a f f a i r s 
i s o n l y e q u i v a l e n t t o a t t a c h i n g a h i g h "weight" t o i t . 

Reichenbach' s n e x t task i s t o elucidate? the concept of 
p r o b a b i l i t y t h a t he has been u s i n g . I n p a r t i c u l a r he wishes t o 
demonstrate t h a t t h e c o l l o q u i a l use of "probable", a l t h o u g h 
seemingly d i s t i n c t from the p r e c i s e l y d e f i n e d mathematical use 
of a l i m i t i n g f r e q u e n c y , has the sâ me i m p l i c i t meaning. He takes 
i s s u e v>jith K£?yn£?s and Popper, f o r whom the concept of 
protaa:tbi 1 i t y i s â n ordE?r of ramkinq of "more" or " l e s s " -
e s s t ? n t i a l l y a t o p o l o g i c a l c o n s i d e r a t i o n . He acknowledges, 
however, thait i t i s p o s s i b l e t o d i f f e r e n t i a t e between the 
math£-?matic.al concept as a " p r o p e r t y of events., whereas the 
l o c j i c a l concept of p r o b a \ b i l i t y s t a t e s a p r o p e r t y of 
propo.s i t ions'-', (Reic hen ba-ich [ 1 9 3 8 ] , -302). Reichenbach ' s dismissa^l 
of b o t h t h e t o p o l o g i c a l concept of p r o b a b i l i t y and of the 
conc:ept of " r a t i o n a l degree of e?xpectat.ion" i s t h a t they can't 
be v e r i f i e d e>xcept by proceeding w i t h t h e idea o f a p o t e n t i a l l y 
i n f i n i t e s e r i e s cjf t r i a l s , - â nd hence through the measuring 
procedure i m p l i e d i n t h e mathematical " l i m i t i n g frequency" 
concept. What he must endeavour to i l l u s t r a t e i s t h a t the 
" s i n g l e - c a s e " occurreence can be i n c o r p o r a t e d w i t h i n t h i s . 

R£?ichentaa"ich, f u l f i l l i n g h i s requireme?nt of meaning as f u n c t i o n , 
d e f i n e s h i s tassk as -

the? meaxning of p r o b a b i l i t y stantements i s t o be 
determine?d i n such a way t h a t our behaviour i n 
u t i l i s i n g them f o r a c t i o n can be j u s t i f i e d . 

(Reichenbach [ 1 9 3 8 ] , 309) 

In o r d e r t o i n v e s t i g a t e the s i n g l e - c a s e i n s t a n c e of a 
p r o b a b i l i t y p r e ? d i c t i o n , R6?ichentaach i n t r o d u c e s the concept of a 
" p o s i t " , - a term t h a t had been used i n a s i m i l a r c o n t e x t by the 
neo-Kaintiaui Nattorp. R£?iche?nbach lik6?ns a p o s i t t o a wager by a 
gambler; i t i s an a p p r a i s a l of the l i k e l y outcome of a t r i a l or 
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o f a process o f ve?rif i c a t i o n . , Makincj p o s i t s i s an i n t e g r a l p a r t 
of an a i c t i v e l i f e , i t i s t h e bassis on which we make choices 
r e l e v a n t t o our w e l l b e i n g . When we make such an a p p r a i s a l of the 
outcome? o f a s i n g l e e v e n t , i t i s n o t done i n i s o l a t i o n from 
CDther c c j n s i d e r a t i o n s but e ? f f e c t i v e l y c a l l s on c l a s s e s of s i m i l a t r 
â nd r e l a i t e d i n s t a n c e s . A p o s i t i s a s u b j e c t i v e a p p r a i s a l of an 
o b j e c t i v e eve?nt, and, a l t h o u g h t h i s g e n e r a l l y taxkes the form of 
an i n s t i n c t i v e a p p r a i s a l , u n d e r l y i n g i t i s the s t a t i s t i c a l 
method t h a t i s a p p l i e d t o detejrminaition of o b j e c t i v e 
p r o b a b i l i t y . Thus a d o c t o r ' s a p p r a i s a l o f the t e r m i n a l s t a t E f of 
a p a t i e n t i s based cDn o b j 6 ? c t i v e recorded evidence of the outcome 
of people whcDse symptoms haive been s i m i l a r l y c a t e g o r i s e d , 
t o g e t h e r w i t h assessment of the r e l e v a n c e of the s p e c i f i c 
symptoms t o thee i l l n e s s c a t e g o r y . I m p l i e d i n such r e f e r e n c e t o 
e s t a b l i s h e d data and i t s use i n proje?cting f u t u r e s t a t e s o f 
a f f a i r s i s thee concept of the s t a t i s t i c a l l i m i t i n g frequency. 

Twc? conc6?pts int.ertv'jine) i n Reichenbach' s a^nalysis o f p o s i t s and 
W£?ighted judgmeents. On one hand t h e r e i s the s u b j e c t i v e 
assessment of an o b j e c t i v e s t a t e of a f f a i r s through an a p p l i e d 
w e i g h t i n g , which even i n ax s i n g l e - c a s e assessment can be 
understocjd t o tat? base?d on a s t a t i s t i c a , l summary - i n s t i n c t i v e or 
e x p l i c i t - of p r e v i o u s e x p e r i e n c e or measurements. On the o t h e r 
hand there? i s the p r a c t i c a l use t o which t h i s w e i g h t i n g i s p u t , 
i n t h e sense of a wager, where c o n s i d e r a t i o n i s a l s o given t o 
value? judgments of t h e consequenc£?s. Reichenbach g i v e s the 
exaimple o f ain assessment of 1/4 t h a t a f r i e n d mâ y a r r i v e a t the 
railvgay s t a t i o n , and our r e a c t i o n tha^t i t i s worth qtji n g t o me(;?t 
him on these? odds SXB a balance of inconvenience t o us of t h r e e 
i n fcjur VMasted t r i p s as apposed t o h i s inconve?nience of one? i n 
f o u r unwelcomed a i r r i v a l s . I f the odds were 1/100, however, we 
would n o t contemplate maiking one hundred t r i p s t o the s t a t i o n 
f o r o n l y one welcoming a x r r i v a l . 

Reichenbach's a n a l y s i s of the human predicament i n being unable 
t o be a b s o l u t e l y sure of the outcome of any f u t u r e event i s 
cleaxr. I t i s a l s o c l e a r t h a t p o t e n t i a l outcomes are assessed on 
the taassis of e x p e r i e n c e a v a i l a b l e t o the person p r e d i c t i n g the 
o u t c o m e , and t h a t t h i s e x p e r i e n c e i s most u s e f u l i f organised i n 
a s t a t i s t i c a l manner. Such s t a t i s t i c s r e l a t i n g t o o b j e c t i v e 
s t a i t e s o f a f f a i r s , qoverne?d by u n d e r l y i n g catusal f a c t o r s , w i l l 
p r o v i d e a p r o b a b i l i t y based on the l i m i t i n g frequency i n a 
p o t e n t i a l l y i n f i n i t e s£?ries C3f measure?men t s . The s u b j e c t i v e 
ass£5EBment o f t h e i n d i v i d u a i l eiutcome t h e r e f o r e u t i l i s e s the 
c o n c e p [ t c?f mathematical p r o b a b i l i t y . For knowledge, where we 
are - i n d i f f e r e n t t o the? l i k e l y outcome, t h e r e f o r e , our p o s i t i s 
an assessm6?nt o f o b j e c t i v e probaxbi 1 i t y , and i t s weight w i l l be 
i n c r e a s e d o r reduced on t h e outcome of the s i n g l e t r i a l . As a 
b a s i s f o r commitment, as a wager, the p o s i t must be s u b j e c t e d t o 
c o s t - b e n e f i t a n a l y s i s . Reichenbach p r e s e n t s us as, a c t i v e l y 
i n v o l v e d i n the-? w c j r l d , c o n t i n u a l l y marking s u c h p o s i t s and 
judgments, and 6?ven t h e development of knowledge i t s e l f r e q u i r e s 
tha\t we commit o u r s e l v e s t o t e s t the weight we g i v e axn outcome 
i n o r d e r t o i n c r e a s e t h e s t a t i s t i c a l l e v e l of c e r t a i n t y . 
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r<eichenbach draws t h e analogy of a inan w i s h i n g t o f i s h i n the 
sea -

There i s no one t o t e l l him t o f i s h i n t h i s p l a c e . 
S h a l l he c a s t h i s net'? W e l l , ... I should advise him 
t o c a s t t h e n e t , t o take t he chance a t l e a s t . I t i s 
p r e f e r a b l e t o t r y even i n u n c e r t a i n t y than not t o t r y 
and be c e r t a i n o f g e t t i n g n o t h i n g , 

(Reichenbach [ 1 9 3 8 ] , 363) 

In d i s c u s s i n g t h e i s s u e of i n d u c t i o n t hrough t he concept of 
p o s i t s , f^eichentaach examines Hume's c r i t i c i s m . He d e f i n e s 
i n d u c t i o n t o conform w i t h h i s a n a l y s i s of the p r o b a b i l i s t i c 
i n f e r e n c e 

The? aim at induction is to find series of events 
i'-^hose frequency o f occurrence converges toward a 
.1 i/nit. 

(Reichenbach [ 1 9 3 8 ] , 350) 

Fi.;eic hen bach summarises F-lume's c r i t i c i s m of i n d u c t i v e i n f e r e n c e 
i n t h a t we have no l o g i c a l grounds f o r a c c e p t i n g i t , nor does 
any a - p o s t e r i o r i d e m o n s t r a t i o n add any evidence t h a t i s r e l e v a n t 
t o i t s l o g i c a l n e c e s s i t y . F\eichenbach, l i k e Hume, has shown t h a t 
we can have no secure o b j e c t i v e knowledge, but he would m a i n t a i n 
t h a t we need t o g e t on w i t h our l i v e s , and t o t h i s end knowledge 
i s a u t i l i s a b l e b a s i s f o r a c t i o n . Knowledge of o b j e c t i v e events 
i s n o t a SE?cure l o g i c a l c o n s t r u c t , but i s needed " f o r the 
purpose; o f ac t i o n " , ( Rteichentaach [ 1 9 3 8 ] , Z^46), Hume had 
ma i n t a i n e d t h a t i n d u c t i o n c o u l d o n l y be j u s t i f i e d i f i t could be 
shown t o be absols.iteiy t r u e , whereas Reichentaach i s able t o 
accept i t as a b a s i s f o r our best "wagers". 

t h e p r i n c i p l e o f i n d u c t i o n ... s i g n i f i e s n o t h i n g 
but t h e mathematical i n t e r p r e t a t i o n of what we 
mean by p r e d i c t a b i l i t y . 

(Reichenbach [ 1 9 3 8 ] , 360) 

W h i l s t l o o k i n g a t Hume's p o s i t i o n , Reichenbach dismisses Kant's 
£\nswer 

I t was t h e i n t e n t i o n of Kant's s y n t h e t i c a p r i o r i 
t o secure t h i s w o r k i n g procedure a g a i n s t Hume's 
doubts; we know todaxy t h a t Kant's a t t e m p t a t rescue 
f-ai l e d . 

(Reichenbach [ 1 9 3 8 ] , 346) 

an o b j e c t i o n a g a i n s t our t h e o r y of i n d u c t i o n : t h a t 
t h e r e appears something l i k e "a necessary c o n d i t i o n 
of knowledge" - a concept which i s accompanied s i n c e 
Kant's t h e o r y o f knowledge by r a t h e r an unpleasant 
f 1 a v o u r 

(Reichenbach [ 1 9 3 8 ] , 360) 
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Wesley Salmon summarises the s i g n i f i c a n c e of Reichenbach'= 
accommodation o f t h e i n d u c t i v e process. 

One of the key s t e p s i n Reichenbach's s o l u t i o n t o the 
problem of i n d u c t i o n was h i s r e c o g n i t i o n t h a t what i s 
needed i s the j u s t i f i c a t i o n of a r u l e , n o t the proof 
of a f a c t u a l p r o p o s i t i o n such as the u n i f o r m i t y of 
n a t u r e . Fie r e a l i s e d , i n a d d i t i o n , t h a t i t i s i m p o s s i b l e 
t o j u s t i f y t h e r u l e i n q u e s t i o n by p r o v i n g t h a t i t w i l l 
always, or even sometimes, y i e l d t r u e c o n c l u s i o n s , given 
t r u e premisses. He argued, n e v e r t h e l e s s , t h a t h i s rule 
of induction should be adopted because one has e v e r y t h i n g 
t o gaxin and n o t h i n g t o l o s e by employing i t . ... i t seeks 
n o t t o j u s t i f y b e l i e f i n a p r o p o s i t i o n but r a t h e r t o 
j u s t i f y a p r a c t i c e . 

(Salmon [ 1 9 9 1 ] , 100) 

Reichenbach, i n EP, has demonstrated t h a t t h e r e can be no 
l o g i c a l n e c e s s i t y eitaout o b j e c t i v e knowledge, nor can t h e r e be 
any c e r t a i n f a c t s . FJe has, however, demonstrated t h a t knovMledge 
i s necessary f o r u s t o cope w i t h the w o r l d and t h a t the 
i n d u c t i v e procedure t h r o u g h p r o b a b i l i s t i c i n f e r e n c e i s the b e s t , 
and perhaps necessary, t o o l t o a c q u i r e t h i s . In u s i n g 
p r o b a b i l i s t i c i n f e r e n c e , a r 6 ? g u l a r i t y o f e m p i r i c a l behaviour i s 
presumed because t h e r e are no l i m i t i n g f r e q u e n c i e s f o r random 
outcomes. Contiguous causal c o n n e c t i o n i s a necessary 
re q u i r e m e n t of r e g u l a t e d behaviour; - which i s Kant's 
c o n c l u s i o n . F;eichenbach' s d i s r e g a r d f o r Kant i n 1933, compared 
w i t h h i s c a r e f u l a p p r e c i a t i o n i n 19.20, presumably stems from h i s 
r e j e c t i o n o f the " s y n t h e t i c a - p r i o r i " . For Reichenbach no 
o b j e c t i v e knowledge has aibsolute c e r t a i n t y , and y e t i f we s t r i p 
away Kant's s p e c i f i c adherence t o the c e r t a i n t y o f b e l i e f i n h i s 
t i m e i n t h e unique a p p l i c a b i l i t y o f E u c l i d ' s axioms and 
Newtonian mechanics, we have an a n a l y s i s o f the necessary 
c o n d i t i o n s f o r knowledgoB which a l s o removes o b j e c t i v e c e r t a i n t y 
from specific f a c t s , Kant demonstrated the n e c e s s i t y o f the 
causal p r e s u p p o s i t i o n , and Reichenbach's a n a l y s i s e f f e c t i v e l y 
a l s o presumes t h i s a s a g e n e r a l p r i n c i p l e , even though he does 
c l a i m t h a t i s o l a t e d i n s t a n c e s o f uncaused behaviour can be 
accommodated. 

Given t f i e p o s i t i o n o f both Kant, and Reichenbach, t h a t e m p i r i c a l 
knowledge i s formed, then a s p e c i f i c f a c t can have no l o g i c a l 
c e r t a i n t y ; hence Fieichenbach' s appeal t o p r o b i i b i 1 i s t i c reasoning 
and t h e concept of w e i g h t i n g has g r e a t a t t r a c t i o n . Our 
d i f f i c u l t y i n a c c e p t i n g t h i s i s n o t t h a t we are t h e r e b y o b l i g e d 
t o doubt e v e r y t h i n g we know about the w o r l d , but t h a t i t i s 
d o u b t f u l whether Reichenbach's i n t e r p r e t a t i o n o f a measurement 
o f w e i g h t o f t r u t h of a f a c t i s r e a l l y p r a c t i c a b l e . Although he 
d i s m i s s e s Popper's " P r o p e n s i t y " e x p l a n a t i o n of p r o b a b i l i t y and 
Popper's concept o f r a n k i n g the l i k e l i h o o d of outcomes, on the 
grounds t h a t these are o n l y v a l i d a t e d under a s t r i c t l i m i t i n g 
f r e q u e n c y , t h e methods of science and t h e i n d u c t i v e process do 
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prc3ceed on t h e b a s i s of being more or l e s s probable. Science:? 
does n o t e s t a i t a l i s h r e l a t i v e w e i g h t i n g s of t h e o r i e s and conclude 
thait The?ory A hais a W6?ighting f axe t o r of 8.2 as oppose?d t o a 
w e i g h t i n g f a c t o r of 7.3 i n Theory B, and t h e r e f o r e Theory A i s 
t o be? p r e f e r r e d . Science, as Popper would analyse, r e j e c t s 
The?ory B because, having taken account o f a l l conceived 
e x t r a n e o u s influence?s, i t f a i l s i n a t r i a l of i t s p r e d i c t i v e 
a b i l i t y , whereas Theory A ccantinues t o correspond t o observed 
f a c t s . f^eiche?nbach p r o v i d e s us w i t h sche?mas through which 
w e i g h t i n g meaxsures can be a l l o c a t e d , of c o n c a t e n a t i o n s , and of 
p r o b a b i l i t y l a t t i c e s , b u t , a l t h o u g h th£?se may p r o v i d e procedures 
f o r an o b j e c t i v e measure of w e i g h t i n g , they are not a c t u a l l y 
£?mployed i n p h y s i c s . 

As an e m p i r i c i s t , Reichenbach i s determined t h a t we shaxll 
e s t a b l i s h objective? " t r u t h s " about the p h y s i c a l w o r l d . His 
amailysis i n EP, and h i s Kantian i n h e r i t a n c e , demonstrates t h a t 
such t r u t h can hawe no l o g i c a l f o u n d a t i o n , and, inste?ad of 
t h e r e f o r e l o o k i n g f o r p r i n c i p l e s of "best f i t " of knowledge t o 
the v^orld, he r e q u i r e s t o give? o b j e c t i v e v a l i d i t y through the 
concept o f o b j e c t i v e probaxbi 1 i t y . C a s s i r e r , on the o t h e r hand, 
had bet?ri conteent t o d e f i n e o b j e c t i v e t r u t h i n terms of i t s 
consisteency ancJ i t s c o n t r i b u t i o n t o u n i f i c a t i o n of knowledge. 
C a s s i r e r acknowledged thaxt e m p i r i c a l t r u t h was o f d i f f e r e n t 
s t a i t u s from l o g i c a l t r u t h , and i n ai sense was ai system of p o s i t s 
of o n l y p r o b a b l e v a l i d i t y , but i t i s q u e s t i o n a b l e whether 
C a s s i r e r would have? attempted the task of a s c r i b i n g a measure t o 
t h i s p r o b a b i l i t y . In C a i s s i r e r ' s terms i t i s not p o s s i b l e t o 
a l l o c a t e a mea^sure of c e r t a i n t y of knowledge. 

Re?iche?nbach, has compounded t o g e t h e r two u n c e r t a i n t i e ? s about the 
p h y s i c a l w o r l d , both or which he i d e n t i f i e s i n EP but does not 
s e g r e g a t e them i n h i s a n a l y s i s . On one hand we have, from the 
v i v i d example of t h e c u b i c a l w o r l d , the u n c e r t a i n t y of the 
e m p i r i c a l r e a < l i t y C3f t h e b i r d s , and our dilemma of never being 
axble t o e s t a b l i s h t h i s beyond axil doubt; and on the o t h e r hand 
we have? the u n c e r t a i n t y axttending any me?asurement, — of accuracy 
and of e e l i m i n a t i o n of extraneous i n f l u e n c e s . The measurement 
s i t u a t i o n i s a<nailyse?able t h r o u g h the mt?thods of s t a t i s t i c a x l 
cinaxlysis, •from which we can say, as Reichenbach does, thaxt "The 
p r o b a b i l i t y thaxt the v e l o c i t y of l i g h t l i e s betv-jeen 299792 
km/sec and 299800 km/sec i s 2/3"; but we c a n ' t a l l o c a t e a 
m e a n i n g f u l p r c i t a a b i l i t y measure? t o the conc6?pt of l i g h t i t s e l f as 
a physicaxl e n t i t y , j u s t as we c a n ' t g i v e a w e i g h t i n g t o the 
e x i s t e n c e of atoms. Cc?ncaHtenation of p r o b a b i l i t y measures of 
p h y s i c a l c o n s t i ^ n t s p r o v i d e s the p h y s i c i s t w i t h r e a l i n f o r m a t i o n , 
but n o t h i n g c:an be? achieved w i t h respective? w e i g h t i n g s on the 
appjl i c a b i 1 i t y of p h y s i c a l concepts. Reichenbach c o r r e c t l y 
i l l u m i n a t e s us axbout t h e way i m p r e c i s e measurement can be 
incorporaxted i n t o knowledge?, but he misleaids us i n extending 
t h i s method t o cove?r the? g e n e r a l i t y of s c i e n t i f i c concepts and 
hypothese?s. We can employ t h e concept o f r e l a t i v e w e i g h t i n g t o 
concepts and hypc3the?ses, as the? example o f the b i r d s i 1 lustrate?s 
c l e a r l y , by comparing them i n the terms o f the p h y s i c i s t a g a i n s t 
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the causal cannec:tions that, we understand i n the p h y s i c a l w o r l d . 
T h i s w e i g h t i n g , however, has no measure; i t i s a t o p o l o g i c a l 
comparison oniy» Thus,, a l t h o u g h ws can c o n f e r o b j e c t i v e 
p r o b a b i l i t y on measurement, iind on p r e d i c t i o n s of measurement, 
t h e i r v e r y o b j e c t i v e n a t u r e i s s t i l l s u b j e c t t o C a s s i r e r ' s 
31ruc tv,ire of causa 1 un i t y » 

In h i s a n a l y s i s o f p r o b a b i l i t y i m p l i c a t i o n s i n EP, Reichenbach 
compares p r o b a b i l i t y l o g i c w i t h t he o p e r a t i o n of the l o g i c of 
a b s o l u t e t r u t h and f i j l s e h o o d . Whereas the l o g i c of a b s o l u t e 
t r u t h i s a b i n a r y system, of "T" or "F" , p r o b a b i l i t y 
c o m b i n a t i o n s g i v e an i n f i n i t e l y d i v i s i b l e s c a l e of outcome from 
0 t o i„ We can choose t o work w i t h p r o b a b i l i t y l o g i c as 
two-valued by a r b i t r a r i l y d e c i d i n g a number above which a 
p r o b a b i l i t y measurv3 i s t o be regarded as t r u e , and f o r measures 
of equal or below t o be regarded as f a l s e . A l t e r n a t i v e l y , we can 
i n t r o d u c e a t h r e e - v a l u e d l o g i c where measures c l o s e t o one are 
accepted as t r u e , those c l o s e t o zero accepted as f a l s e , and 
o t h e r i n t e r m e d i a t e measures t o be regarded as i n d e t e r m i n a t e . He 
does n o t make p o s i t i v e use of these ideas i n the development of 
the t h e s i s o f EP, but. he r e t u r n s t o three-valu£?d l o g i c i n 
P h i l o s o p h i c Foundations of Quantum Mechanics. 

§.yiiico.i.L'y. 9.1. §1:1 

In EP Reichenbach has demonstrated t h a t knowledge i s p o s s i b l e 
o n l y on t h e a p p l i c a t i o n o f p r o b a b i l i s t i c c o n s i d e r a t i o n s t o our 
e m p i r i c a l e x p e r i e n c e . I t i s i n t e r e s t i n g t o c o n t r a s t h i s a n a l y s i s 
w i t h t h a t o f Kant. Both accept t h a t knowledge has t o be formed 
from e x p e r i e n c e ; i t does not pr e s e n t i t s e l f ready-made. Kant 
a f f i r m e d t h a t t h i s " f o r m i n g " of knowledge n e c e s s a r i l y conformed 
t o b a s i c l o g i c a l p r i n c i p l e s which were immutable, whereas 
Reichenbach r e j e c t s t h i s and s u b s t i t u t e s a pragmatic requirement 
f o r knowledge i n t h a t i t must be useable or r e l e v a n t t o the task 
i n hand. Reichenbach d i s t i n g u i s h e s h i s p o s i t i o n from t h a t of the 
c o n v e n t i o n a l i s t by emphasising how knowledc5e "grows" out of the 
o b j e c t s o f our immediate environment. By emphasising the 
a p p l i c a t i o n of t h e p r o b a b i l i s t i c n a t u r e of knowledge, however, 
he i s o n l y a b l e t o proceed a g a i n s t t he presumption of a c a u s a l l y 
connected w o r l d . Thus a l t h o u g h he c l e a r l y p r esents t he human 
predicament o f neve!"- being a b l e t o v e r i f y a b s o l u t e l y the causal 
s t r u c t u r e of t h e w o r l d or even of t h e o b j e c t i v e e x i s t e n c e of 
f a m i l i a r c o n cepts, the basic p r e s u p p o s i t i o n o f knowledge i t s e l f 
i s causal o r d e r . Thus, Kant's a n a l y s i s g i v e s us c a u s a l i t y as a 
l o g i c a l p r e - s u p p o s i t i o n of knowledge, - and Reichenbach's 
a n a l y s i s e f f e c t i v e l y s u p p o r t s t h i s ; Reichenbach's a n a l y s i s 
demonstrates t h a t i n us i n g the causal p r e s u p p o s i t i o n , we employ 
p r o b a b i 1 i s t i c considerations„ 
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Chapter 7 

QUANTUM MECHANICS 

The Ph-i .losophic Fciundations of Quantum Mechanics was p u b l i s h e d 
i n 1944. I n F i i s P r e f a c e , Reichenbach c o n t r a s t s the Theory of 
Quanta w i t h t h e Theory of R e l a t i v i t y , the tvMO p h y s i c a l 
c o n s t r u e t i o r which ' have shaped the face of modern 
physics",(Reichenbach [ 1 9 4 4 ] , v)„ He observes t h a t whereas the 
Theory o f R e l a t i v i t y was l a r g e l y t h e r e s u l t of the i n s p i r a t i o n 
of one man, E i n s t e i n , Quantum Theory has been developed through 
the work, and c o l l a b o r a t i o n , of s e v e r a l i n d i v i d u a l s . Although 
Reichentaach b r i e f l y d e s c r i b e s the development of Quantum Theory 
i n f o u r main s t a g e s , i t i s perhaps i n s t r u c t i v e t o t r a c e the 
c h r o n o l o g i c a l development of the t h e o r y . 

At th63 end of t h e N i n t e e n t h Century, p h y s i c a l e x p l a n a t i o n s were 
e s s e n t i a l l y conceived i n the concepts of mechanics i n t r o d u c e d by 
Newton, a l t h o u g h t h e e x p e r i m e n t a l work of Faraday on e l e c t r i c a l 
phenomena had been i n c o r p o r a t e d i n t o t he e l e c t r o m a g n e t i c f i e l d 
t h e o r i e s of Maxwell and L o r e n t s which appeared t o o f f e r t h e 
p r o s p e c t o f a g e n e r a l i s e d d e s c r i p t i o n of n a t u r a l phenomena. The 
e l e c t r o m a g n e t i c t h e o r i e s i n d i c a t e d t h a t the p h y s i c a l p r o p e r t i e s 
of space c o u l d be c h a r a c t e r i s e d by field e q u a t i o n s which d e f i n e d 
an e l e c t r o m a g n e t i c f i e l d p o t e n t i a l a t each p o i n t , and which 
a f f e c t e d t h e behaviour of t r a n s m i t t e d waves of e l e c t r o m a g n e t i c 
energy. Maxwell's e q u a t i o n s of e l e c t r o m a g n e t i c wave pr o p a g a t i o n 
were f i r s t presented i n 1862 b e f o r e the p o s s i b i l i t y of 
p h y s i c a l l y d e m o n s t r a t i n g the e x i s t e n c e of such waves, but these 
were s u b s t a n t i a t e d i n 1387 i n a s e r i e s of p h y s i c a l 
d e m o n s t r a t i o n s by Herts;. Thus, r a d i a t i o n of energy i n a l l forms 
was i d e n t i f i e d as a p r o p a g a t i o n of waves, and the Newtonian 
concept of l i g h t as c o r p u s c u l a r was g e n e r a l l y d i s r e g a r d e d . 

I t viA<~> c o n s i d e r a t i o n of an a p p a r e n t l y s m a l l anomaly i n p h y s i c a l 
the^ory, however, which l e d t o a c h a l l e n g e t o the concept of a 
c o n t i n u o u s energy waveform and l e d t o the development of quantum 

The anomaly r e l a t e d t o t h e exchange of energy i n a 
w i t h p r o p e r t i e s of p e r f e c t energy a b s o r p t i o n and 
- a black body. I n c l a s s i c a l t h e o r y , based on 
a b s o r p t i o n and emission of energy of a l l f r e q u e n c i e s , 

i n f i n i t e energy l e v e l w i t h a 
h i g h e r f r e q u e n c i e s of r a d i a t i o n . Max 
t h i s i n 1900 when he proposed t h a t 

mec h a n i c s . 
c o n t a i n e r 
e m i s s i o n , 
con t i n u o u s 
p r e d i c t i o n s i n d i c a t e d an 
preponderance of energy i n 
F-'lanck was a b l e t o r e s o l v e 
energy exchange was a d i s c o n t i n u o u s process and occurred i n 
d i s c r e t e packets whose energy c o n t e n t was a m u l t i p l e of the 
frequency times a c o n s t a n t , - Planck's c o n s t a n t . This h y p o t h e s i s 
was giv6?n a d d i t i o n a l w eight i n e x p l a i n i n g the s p e c i f i c heats of 
substances a t low t e m p e r a t u r e s . A l b e r t E i n s t e i n , i n 1905, 
extended t h i s c o r p u s c u l a r n a t u r e of energy t o e x p l a i n the 
p h o t o e l e c t r i c e f f e c t i n which l i g h t o f s u f f i c i e n t l y h i g h 
frequency d i s p l a c e s e l e c t r o n s i n metals t o generate e l e c t r i c 
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c u r r e n t s . He r e v i v e d t h e Newtonian concept of c o r p u s c l e s of 
l i g h t , -- photons. Energy was thereby c h a r a c t e r i s e d as being both 
w a v e l i k e and c o n t i n u o u s , as w e l l as c o r p u s c u l a r and d i s c r e t e -

A s i g n i f i c a n t development o c c u r r e d i n 1911, when Ernest 
F<utherford demonstrated t h a t when he bombarded a metal f o i l w i t h 
alpha p a r t i c l e s , most passed s t r a i g h t t h r o u g h , and o n l y a small 
p r o p o r t i o n were d e f l e c t e d , l e a d i n g t o h i s hypothesis of a s mall 
p o s i t i v e l y charged atomic nucleus surrounded by a swarm of 
p l a n e t a r y e l e j c t r o n s . T h i s p r o v i d e d t h e b a s i s f o r N i e l s Bohr's 
t h e o r y of t h e hydrocjen atom which he f o r m u l a t e d i n 19.1.3« He 
accommodated Planck's concept of d i s c r e t e packets of energy i n t o 
h i s atomic model by p o s t u l a t i n g d i s c r e t e p o t e n t i a l o r b i t s f o r 
the p l a n e t a r y e l e c t r o n , o n l y those o r b i t s being allowed whose 
a n g u l a r momentum i s a m u l t i p l e of Planck's constar.-t. The 
consequence of t h i s t h e o r y , t h a t absorbed energy by the hydrogen 
atom corresponded t o t h e d i f f e r e n c e i n energy l e v e l s between 
p e r m i s s i b l e e l e c t r o n o r b i t s , was c o n f i r m e d i n the s p e c t r a l 
f r e q u e n c i e s of hydrogen. Extension of t h i s mechanical model t o 
more complex atoms proved t o be more d i f f i c u l t . 

S i g n i f i c a n t f u r t h e r development of t h e atomic model and quantum 
mechanics was arre?sted u n t i l 1923, when L o u i s de B r o g l i e began 
p u b l i c a t i o n o f a s e r i e s o f papers i n which he a s c r i b e d w a v e - l i k e 
p r o p e r t i e s t o p a r t i c l e s . He s u b s t i t u t e d wave packets f o r 
p a r t i c l e s , w i t h momentum of Planck's c o n s t a n t d i v i d e d by the 
a s s o c i a t e d wavelength. T h i s work was then u t i l i s e d by Erwin 
S c h r o d i n g e r who, i n 1926, produced h i s c e l e b r a t e d v-jave equation 
t o r e p r e s e n t the behaviour of fundamental p a r t i c l e s . At t h i s 
s tage t h e v i s u a l i s a b l e mechanical model of the atom, t h a t had 
been generated by R u t h e r f o r d and Eiohr, began t o disappear, as i t 
became c l e a r t h a t i n r e p r e s e n t i n g e l e c t r o n s as waves they were 
n o t p h y s i c a l l y l o c a l i s e d but spread out through t h e i r atomic 
o r b i t s . Schrdidinger proceeded t o demonstrate t h a t h i s 
f o r m u l a t t i o n accommodated the independent work done by Werner 
Heisenberg i n 1925 who had f o r m u l a t e d the atomic model i n m a t r i x 
form i n terms of t r a n s i t i o n p r o b a b i l i t i e s between p o t e n t i a l 
e l e c t r o n s t a t e s . The b a s i s o f t h e mathematical f o r m u l a t i o n of 
quantum mechanics was completed w i t h Schrodinger's e q u a t i o n s , 
what f o l l o w e d becomes c h i e f l y a m a t t e r of i n t e r p r e t a t i o n and 
a p p l i c a t i o n . What i s s u r p r i s i n g i s t h a t a t h e o r y which evolved 
l a r g e l y t h r o u g h i n s p i r e d hypotheses should have been so 
r e s i l i e n t and s u c c e s s f u l i n i t s a p p l i c a t i o n t o quantum ph y s i c s . 

I t i s a p p o s i t e t o d e s c r i b e the f e a t u r e s of t h i s f o r m u l a t i o n 
which d i f f e r e n t i a t e i t from f o r m u l a t i o n s of c l a s s i c a l mechanics. 
The fundamental d e p a r t u r e i s t h a t t h i s model has dual 
i n t e r p r e t a t i o n s of fundamental p a r t i c l e s i , which can be 
r e p r e s e n t e d e i t h e r ais d i s c r e t e p a r t i c l e s or as wave packets. 
There i s a l s o t h e concept t h a t change i n n a t u r e occurs i n 
d i s c r e t e quanta r a t h e r than as a c o n t i n u o u s process. 
A d d i t i o n a l l y t h e r e p r e s e n t a t i o n o f a p a r t i c l e v i a the 
Schrodinger f o r m u l a t i o n i s a w a v e f u n c t i o n which r e p r e s e n t s the 
s t a t e of the p a r t i c l e a g a i n s t a c o n t i n u o u s time dimension. This 
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does n o t , however, g i v e a d i r e c t magnitude of measurable 
p r o p e r t i e s o f t h e p a r t i c l e , such as i t s energy, momentum, or 
p o s i t i o n . These measurable p r o p e r t i e s can o n l y be c a l c u l a t e d by 
a p p l y i n g a p p r o p r i a t e mathematiciil o p e r a t o r s t o the wavef u n c t i o n , 
which then p r o v i d e n u m e r i c a l measures of the r e l e v a n t 
q u a n t i t i e s , - these measures being r e f e r r e d t o m a t h e m a t i c a l l y as 
e i g e n v a l u e s . The dilemma, however, i s t h a t the eigenvalues 
a s s o c i a t e d w i t h , say, t h e momentum o p e r a t o r , are not p a i r e d w i t h 
t h e e i g e n v a l u e s f o r t h e p o s i t i o n o p e r a t o r 5 - i n o t h e r words i t 
i s n o t p o s s i b l E j t o o b t a i n simultaneous measures of p o s i t i o n and 
momentum of a p a r t i c l e . T h i s i s a d i r e c t consequence of the 
mathematical f o r m a l i s m , and a l s o r e l a t e s t o the p r a c t i c a l 
s i t u a t i o n where^ measurement of one c h a r a c t e r i s t i c d i s r u p t s t he 
behaviour of t h e p a r t i c l e and pr e c l u d e s a measurement of o t h e r 
charac t e r i s t i c s . 

The use of a wave f u n c t i o n t o r e p r e s e n t a p a r t i c l e and the 
consequent lack of p r e c i s i o n i n d e t e r m i n i n g measurable values 
le d d e v e l o p e r s o f t h e t h e o r y l i k e Max Born and Paul Dirac t o 
reg a r d t h e w a v e f u n c t i o n , n o t s p e c i f i c a l l y as a p h y s i c a l 
m a n i f e s t a t i o n , but as a p r o b a b i l i t y f u n c t i o n . Thus the f u n c t i o n 
i s used t o determine t he p r o b a b i l i t y t h a t a p a r t i c l e i s w i t h i n a 
s p e c i f i c space-time range, or t h a t i t s momentum should be w i t h i n 
s p e c i f i e d l i m i t s . T h i s form of r e p r e s e n t a t i o n , though, does 
p r o v i d e a problem of p h y s i c a l i n t e r p r e t a t i o n . 

The most c l e a r e x p o s i t i o n o f the p e c u l i a r i t i e s of the new 
quantum f o r m u l a t i o n s ca\me from t he Copenhagen School, and 
p a r t i c u l a r l y from Werner Heisenberg and N i e l s Bohr. In 1927 
Heisenberg i n t r o d u c e d h i s Uncertsinty Principle, which he 
d e r i v e d by consido^ring t he measuring process i t s e l f , and which 
d e c l a r e d t h a t i t i s i m p o s s i b l e t o s p e c i f y e x a c t l y the measures 
of complementary p r o p e r t i e s o f a body, - f o r example p o s i t i o n 
and momentum. I n f a c t t h e product of the inaiccuracy of 
measurement of p o s i t i o n and momentum i s i n e v i t a b l y g r e a t e r than 
Planck's Constant d i v i d e d by t w i c e p i . T h i s a p p l i e s t o a l l 
bodies s u b j e c t t o measurement but o n l y has s i g n i f i c a n c e i n the 
w o r l d o f fundamental p a r t i c l e s f o r which Planck's Constant i s a 
r e l e v a n t l y l a r g e q u a n t i t y . I n 1928 E<ohr i n t r o d u c e d h i s 
Complementarity Principle which s t a t e d t h a t t he wave and 
p a r t i c l e r e p r e s e n t a t i o n s o f quantum occurrences complement each 
o t h e r , t h a t i n some s i t u a t i o n s i t i s p r e f e r a b l e t o use one form 
as a d e s c r i p t i o n and i n o t h e r s i t u a t i o n s the o t h e r would be 
p r e f e r a b l e , taut i n no i n s t a n c e would i t . be p o s s i b l e t o f a l s i f y 
e i t h e r as an adequate r e p r e s e n t a t i o n . I n o t h e r vMords i t i s 
i m p o s s i b l e t o make a t e l l i n g p h y s i c a l i n t e r v e n t i o n i n the 
sub-atomic s t a t e t h a t would d i s c r i m i n a t e between these 
r e p r e s e n t a t i o n s 5 t h e degree of u n c e r t a i n t y i n the measurement i s 
too g r e a t f o r such d i s c r i m i n a t i o n . These two p r i n c i p l e s led t o 
the Copenhagen I n t e r p r e t a t i o n o f quantum mechanics, which 
s p e c i f i e d t h a t i t i s meaningless t o a s c r i b e p h y s i c a l r e a l i t y t o 
the mathematical f o r m a l i s m o f the s t a t e of a p a r t i c l e 5 
d e s c r i p t i o n i s o n l y r e l e v a n t wh£?n a p p l i e d t o an a c t u a l 
measurement i n which o n l y t he p r o p e r t y being measured has 
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relevance-?. T h i s i n t e r p r e t a t i o n i s es 
l o g i c a l p o s i t i v i s m t o the s i t u a t i o n . 

• i e n t i a l l y an a p p l i c a t i o n of 

A l t h o u g h t h i s i n t s e r p r e t a t i o n was 1 
p h y s i c i s t s , E i n s t e i n regarded the 
p r e d i c t i o n s o f t h e outcome of 
e X p r e s s e d i n p r o b a b i l i s t i c t e r ni s e 
c o u l d be c o m p l e t e l y s p e c i f i e d , 
e x p l a n a t i o n s of quantum processes 
t h a t n o n - l o c a l events appeared t o 
p o s s i b i l i t y of causal i n t e r a c t i o n . 
Bohr t h r o u g h t he medium of "thought 
t o g i v e a c o n v i n c i n g c o u n t e r d 
Interpretation„ 

a r g e l y accepted by p r a c t i c a l 
t h e o r y as incomplete i n t h a t 
a s i t u a t i o n c o u l d o n l y be 
ven though i n i t i a l c o n d i t i o n s 
He was unhappy t h a t causal 
c o u l d not be e f f e c t e d , and 

a f f e c t each o t h e r w i t h o u t the 
He debated t he iss u e s w i t h 

e xperiments", but was unable 
i c t i o n o f the Copenhagen 

Fileichenbach was a c t i v e l y a t t e n t i v e t o the development of quantum 
t h e o r y i n the 1920's, and i n f a c t i n A p r i l 1927 produced an 
u p - t o - d a t e summary which was p u b l i s h e d i n Die Umschau 31 no. 15, 
as "Ein neues Atommodell" (Reichenbach [ 197C-} j , v . 1, 219--225). 

F"or d i s c u r s i v e t r e a t m e n t s of quantum mechanics see Polkinghorne 
111984], S q u i r e s [ 1 9 8 6 ] , o r G i b b i n s [ 1 9 3 7 ] , or f o r a more 
thoro u g h s t u d y see S c h i f f [ 1 9 6 8 ] , 

F^'hilosophic Foundations o f Quantum Mechanics 

Reichenbach p r e s e n t s h i s e x p o s i t i o n i n t h r e e d i s t i n c t s e c t i o n s ; 
the f i r s t concerns a g e n e r a l e l u c i d a t i o n of the concepts 

i n v o l v e d i n Quantum Theory, t he second g i v e s an o u t l i n e of the 
mathematics of the t h e o r y , and the t h i r d s e c t i o n e x p l o r e s the 
i m p l i c a t i o n s o f t h e t h e o r y f o r t h e epistemology of p h y s i c a l 
knowledge. T h i s a n a l y s i s w i l l pay l i t t l e a t t e n t i o n t o the 
mathematical s e c t i o n except t o i n d i c a t e how p a r t i c u l a r 
c o n c l u s i o n s r e s u l t from t he mathematical m o d e l l i n g . 

Reichenbach summarises the c h a l l e n g e posed by Quantum Mechanics 
t o P h i l o s o p h y as f i r s t l y a replacement of causal laws by 
p r o b a b i l i t y laws, and secondly i n terms of treaxtment of 
u nobs e r • v e d o b j e c t s. 

He be 
knowl 
Bol t z 
depar 
d e t e r 
i n t e r 
r e g u l 
po i n t 
s t r i c 

gxns by l o o k i n g a t t h e p r o b a b i l i s t i c n a t u r e of p h y s i c a l 
edge as e x p l o r e d p r e v i o u s l y i n EP, but i n i t i a l l y r e f e r s t o 
mann's work on t h e thermodynamics of gases as the p o i n t of 
t u r e from our secure acceptance of s t r i c t p h y s i c a l 
fciinism 
p r e t a t i o n 
a r i t y a t 
t h a t i f 

t c ausal 

t o an u n d e r s t a n d i n g t h a t p r o b a b i l i s t i c 
of m i cro phenomena i s comp£*tible w i t h causaxl 

the macro l e v e l of everyday o b j e c t s . He makes the 
elementary p a r t i c l e s a re s u b j e c t , n o t t o laws of 
d e t e r m i n i s m , but t o laws of a p r o b a b i l i t y 
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c h a r a c t e r , t h e n , because o f the very l a r g e numbers of such 
p a r t i c l e s , t h e i r aggregate behaviour w i l l conform t o an 
a p p a r e n t l y r e g u l a t e d p a t t e r n . He a l s o i d e n t i f i e s t h a t r e g u l a r 
behaviour a t t h e macro l e v e l does n o t of n e c e s s i t y imply r e g u l a r 
d e t e r m i n i s t i c b e h a v i o r a t the micro l e v 6 ? l . Reichenbach does not 
e n l a r g e on Boltsmann's work, who d i d not r e j e c t mechaxnical 
d e t e r m i n i s m a t t h e micro l e v e l , but i n f a c t presumed i t i n o r d e r 
t o p r e s e n t a s t a t i s t i c a l model t h a t he c o u l d work w i t h . Even 
though the Second Law of Thermodynamics was d e r i v e d from 
Bolt^mann's s t a t i s t i c a l a n a l y s i s , t h e a n a l y s i s was founded on 
atoms s u b j e c t t o Nsv-vtonian Mechanics taut considered as a 
s t a t i s t i c a l a g g r e g a t e . Reichenbach, t h e r e f o r e , does n o t make 
c l e a r what he i m p l i e s by p r o b a b i l i s t i c behaviour as opposed t o 
causal behaviour a t t h e micro l e v e l when he r e f e r s t o Boltzmann. 
He e v i d e n t l y i s n o t r e f e r r i n g t o the f a c t t h a t a convenient way 
of t r e a t i n g l a r g e aggregates v-ghich behave a c c o r d i n g t o apparent 
d e t e r m i n i s t i c mechanical p r i n c i p l e s i s o f f e r r e d by t r e a t i n g them 
p r o b a b i l i s t i c a l l y , but t h a t i f causal determinism i n a s t r i c t 
sense does n o t a p p l y t o i n d i v i d u a l p a r t i c l e s , dete^rminism a t the 
aggregate l e v e l may s t i l l appear. He does not c l a r i f y t h a t t h i s 
s i t u a t i o n o n l y a p p l i e s i f t h e behaviour o f t h e p a r t i c l e s i s not 
random and t h e r e f o r e c o n s t r a i n e d by some o b j e c t i v e lavjs. 

He proceeds t o examine causal r e l a t i o n s h i p s as they are 
understood i n t h e p h y s i c a l w o r l d a c c e s s i b l e t o d i r e c t 
o b s e r v a t i o n and measurement. His b a s i s of a n a l y s i s i n many 
r e s p e c t s i s s i m i l a r t o t h a t of C a s s i r e r who would co n s i d e r the 
a c c u m u l a t i n g system of knowledge of a p p r o x i m a t i n g more c l o s e l y 
t o an i d e a l , but i n PFQM Reichenbach makes no r e f e r e n c e t o 
e i t h e r C a s s i r 6 ? r or Kant, He thus r e g a r d s the causal laws of 
Physics £is being understood t o h o l d between i d e a l i s e d p h y s i c a l 
s t a t e s , whereas s t a t e m e n t s about the p h y s i c a l w o r l d must be 
v e r i f i a b l e i n o b s e r v a t i o n a l terms of s t ^ i t e s o f a f f a i r s t h a t can 
o n l y approximate? t o t h e i d e a l s i t u a t i o n s expressed i n the laws. 
J u s t as i n h i s p r e v i o u s analyses of t h e a p p l i c a t i o n of 
p r o b a x b i l i t y c o n s i d e r a t i o n s t o e m p i r i c a l behaviour, he 
i l l u s t r a t e s t h a t p r a c t i c a l measurement and o b s e r v a t i o n i s 
understood t o be o n l y an a p p r o x i m a t i o n t o an i d e a l s i t u a t i o n as 
expressed by t h e laws of p h y s i c s . He t h e r e f o r e summarises h i s 
p o s i t i o n as -

The s t a t e m e n t t h a t n a t u r e i s governed by s t r i c t causal 
laws means t h a t we can p r e d i c t t h e f u t u r e w i t h a 
d e t e r m i n a t e p r o b a b i l i t y and t h a t we can push t h i s 
p r o b a b i l i t y as c l o s e t o c e r t a i n t y as we want by u s i n g 
ai s u f f i c i e n t l y e l f i b o r a t e a n a l y s i s of t h e phenomena 
under c o n s i d e r a t i o n . 

(Reichenbach C1944], 2,3) 

On t h i s b a s i s he c l a i m s t h a t i f c a u s a l i t y i s merely a l i m i t of 
p r o b a b i l i t y i m p l i c a t i o n s , then i t l o s e s i t s a - p r i o r i c h i i r a c t e r 
and becomes an e m p i r i c a l h y p o t h e s i s . 

F<eichenbach proceeds t o examine t h e consequences f o r the 
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p r i n c i p l e o f causal c o n n e c t i o n i m p l i e d by Heisenberg's P r i n c i p l e 
of I n d e t e r m i n a c y , He c l a r i f i e s t h a t t h e c l a s s i c a l causal laws of 
p h y s i c s are t e m p o r a l l y d i r e c t e d , and t h a t even simultaneous 
occurrences are regarded as consequences of t e m p o r a l l y p r i o r 
causes. The P r i n c i p l e o f In d e t e r m i n a c y , however, r e l a t e s t o 
simultameous measurement of independent parameters, and - i n 
Reichenbach's t e r m i n o l o g y - i t i s q u i t e separate from causal 
laws and i s a cro.s.s-section law. The P r i n c i p l e of Indeterminacy 
s t a t e s t h a t t h e more p r e c i s e l y we? measure, say, the p o s i t i o n of 
a fundamental p a r t i c l e , t h e l6;ss p r e c i s e we can be i n our 
knowledge of i t s momentum, and v i c e v e r s a . Thus, i f we have 
i n c o m p l e t e knowledge of the p a r t i c l e , we are unable t o make 
t e s t a b l e p r e d i c t i o n s of i t s f u t u r e behaviour; and hence a 
stateme n t o f causal c o n n e c t i o n between s t a t e s of the p a r t i c l e a t 
d i f f e r e n t t i m es i s u n v e r i f i a b l e , and t h e r e f o r e p h y s i c a l l y 
meaningless. I t i s w i t h t h i s argument t h a t Reichenbach i s a t 
v a r i a n c e v-jith h i s a n a l y s i s o f "meaning" i n EP, where he argued 
t h a t p h y s i c a l meaning should be r e l a t e d t o " w e i g h t i n g " r a t h e r 
than t o a b s o l u t e c r i t e r i a o f v e r i f i c a t i o n . H is analogy w i t h the 
h y p o t h e s i s o f t h e b i r d s outside? t he c u b i c a l w o r l d , was used t o 
demonstrate? t h a t t h e concept of causal c o n n e c t i o n leads us t o 
p r e f e r t h e concept o f r e a l b i r d s t o a m y s t e r i o u s connection 
between shapes on c e i l i n g and w a l l . Even though i t was 
i m p o s s i b l e t o v e r i f y t h e r e a l i t y of t h e b i r d s , or t o d i s t i n g u i s h 
between the rJ'"e?dictive v a l u e s of the r i v a l t h e o r i e s , we were 
happy t o employ t h e concept o f causal c o n n e c t i o n t o s t r e n g t h e n 
b e l i e f i n one t h e o r y . T h i s i s a t odds w i t h h i s c o n c l u s i o n on 
i n d e t e r m i n a c y i n PFQii -

Acco r d i n g t o t h e v e r i f i a b i 1 i t y t h e o r y of meaning, 
which has been g e n e r a l l y accepted f o r the i n t e r p r e t a t i o n 
of p h y s i c s , t h e statement t h a t t h e r e are causal 
laws t h e r e f o r e must be considered as p h y s i c a l l y 
mesining l e s s . 

(Reichenbach [ 1 9 4 4 ] , 4) 

Reichsnbach then makes a p o t e n t i a l concession t o the causal 
p r i n c i p l e , t h a t a l t h o u g h i t i s n e c e s s a r i l y i m p o s s i b l e t o measure 
the v a l u e s necessary t o d e s c r i b e the events i n q u e s t i o n , -

we can a t t e m p t t o a s s i g n d e f i n i t e v a l u e s t o the 
unmeasured .. e n t i t i e s i n such a way t h a t t h e 
observed r e s u l t s appear as the causal consequences 
of t he v a l u e s i n t r o d u c e d by our assumption. 

(Reichenbach [ 1 9 4 4 ] , 4) 

He c l a s s i f i e s t h i s use of causal c o n n e c t i o n as a convention or 
definition^ I t i s n o t c l e a r , however, how t h i s use of causal 
connectedness d i f f e r s i n any way from t he causal connections we 
make i n o t h e r s i t u a t i o n s where we are unable t o e s t a b l i s h 
c r i t e r i a f o r v e r i f i c a t i o n . For example the s t a t i s t i c a l 
measurements of Mendel l e d t o a t h e o r y of i n h e r i t e d 
c h a r a c t e r i s t i c s , based on an u n d e r l y i n g causal p r i n c i p l e , but 
w i t h o u t t h e p o s s i b i l i t y o f v e r i f i c a t i o n i n a d i r e c t sense and 



c e r t a i n l y n o t on an i n d i v i d u a l outcome, taut p r e d i c t a b l e o n l y on 
a p r o b a b i l i s t i c b a s i s . Reichenbach's i n t e n t i o n , however, i n 
conceding t h i s p o s s i b i l i t y of a causal c o n v e n t i o n t h a t can be 
assigned t o an u n d e r l y i n g d e t e r m i n i n g f u n c t i o n of behaviour of 
fundamental p a r t i c l e s i s t o demonstrate t h a t i t i s i n a p p r o p r i a t e 
i n Quantum Theory. 

I n e x p l a i n i n g t h e P r i n c i p l e of I n d e t e r m i n a c y , Reichenbach 
i 1 l u m i n a t i n g l y uses an example d e r i v e d from h i s experience as a 
r a d i o e n g i n e e r , where he i l l u s t r a t e s how i t i s i m p o s s i b l e t o 
a d j u s t a r e c e i v e r f o r both h i g h f i d e l i t y and high s e l e c t i v i t y . 
He i s a p r a c t i c a l man w i t h a p h y s i c a l i n s t i n c t f o r e m p i r i c a l 
b e h a v i o u r . 

Reichenbach proceeds t o c o n s i d e r t h e r e l a t i o n s h i p between the 
o b s e r v e r and quantum o b j e c t , and t h e d i s t u r b a n c e caused i n the 
act. o f o b s e r v a t i o n . He a s s e r t s t h a t t h i s i s not a s u b j e c t f o r 
m e t a p h y s i c a l s p e c u l a t i o n about the e f f e c t s of human beings as 
o b s e r v e r s , taut i s e n t i r e l y a p h y s i c a l e f f e c t between p h y s i c a l 
- t h i n g s . He moves t h r o u g h h i s a n a l y s i s w i t h the f i r m 
d e t e r m i n a t i o n of t h e p r a c t i c a l man who knows h i s sutaject, and 
who doesn't wish t o be s i d e - t r a c k e d by s p e c u l a t i o n from 
academics who l a c k p h y s i c a l " f e e l " . He places before us 
Heisenberg's s t a t e m e n t t h a t 

t h e u n c e r t a i n t y of p r e d i c t i o n s i s a consequence 
of the d i s t u r b a n c e by t h e means of o b s e r v a t i o n . 

(Reichenbach [ 1 9 4 4 ] , 16) 

Reichenbach p o i n t s o u t t h a t t h i s i s n o t s u f f i c i e n t l y p r e c i s e i n 
e l u c i d a t i n g t h e i n d e t e r m i n a c y i n v o l v e d . In many p h y s i c a l 
measurements the a c t of measuring d i s t u r b s what i s being 
measured, f o r example i n measuring t h e temperature of a g l a s s of 
water t h e i n t r o d u c t i o n of the thermometer has an e f f e c t on the 
t e m p e r a t u r e ; but i n such i n s t a n c e s we can use e s t a b l i s h e d 
p h y s i c a l t h e o r y t o take account of the e f f e c t of the 
d i s t u r b a n c e . With Quantum Theory, however, t h i s i s n o t p o s s i b l e -
The p h y s i c a l t h e o r y t h a t i s used t o take account of the 
d i s t u r b i n g i n f l u e n c e s of the measurement process, i t s e l f 
c o n t a i n s the p r i n c i p l e of i n d e t e r m i n a c y . I t i s t h e r e f o r e 
necessary t o r e c a s t Heisenberg's statement i n the form 

We have no e x a c t knowledge of p h y s i c a l s t a t e s 
because t h e o b s e r v a t i o n d i s t u r b s i n an unpredictable 
wa y. 

(Reichenbach [ 1 9 4 4 ] , 17) 

I t i s necessary now f o r Reichenbach t o d i s c u s s the way i n which 
we d e s c r i b e o b j e c t s , a\nd, as i n EP, he demonstrates t h a t we can 
employ d i f f e r e n t c o n v e n t i o n s f o r t h i s , a l t h o u g h wherever 
p o s s i b l e we m a i n t a i n d e s c r i p t i v e s i m p l i c i t y t h a t avoids 
e x t r a n e o u s hypotheses of e m p i r i c a l behaviour. He summarises the 
two p r i n c i p l e s t h a t c l a s s i c a l p h y s i c s employs i n d e a l i n g w i t h 
u n o ta s e r v e d e n t i t i e s -
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1} The Isi'-JB of n a t u r e a r e the same whether o r not 
the- o b i e c t s a r e observed, 

2) The .state o f t h e o b j e c t s i s the .same whether o r 
not t h e cfhj'ects a r e ofoserver.?', 

(Rei c hen bac h [ 1 9 4 4 ] , 19) 

Thus we m a i n t a i n t h a t an o b j e c t l i k e a t r e e p e r s i s t s and 
m a i n t a i n s i t s p h y s i c a l c h a r a c t e r i s t i c s when we t u r n away from 
l o o k i n g a t i t . The t r e e i s an o b j e c t t h a t i s d i r e c t l y a c c e s s i b l e 
t o us and our e x p e r i e n c e of i t i s iffimediate. Observation of the 
quantum w o r l d , however, i s not so r e a d i l y a c c e s s i b l e t o 
o b s e r v a t i o n . .txpa?rience of quantum o b j e c t s i s p r o v i d e d through 
the i n t e r m e d i a t i o n of s c i e n t i f i c measuring systems. We don't see 
quantum o b j e c t s i n t h e same sense t h a t we see a t r e e , but we may 
r e g i s t e r t r a c e s of t h e i r e f f e c t s on our i n s t r u m e n t s . There are 
o c c u r r e n c e s which a\re r e g i s t e r e d r e l a t i v e l y d i r e c t l y "by s h o r t 
causal c h a i n s " (Reichenbach [ 1 9 4 4 ] , 2 1 ) , such as on a Geiger 
Counter or i n a Wilson Cloud Chamber, which Reichenbach 
d e s c r i b e s as phenomena, but the occurrences which happen between 
such phenomena are unobservable by us, and can be regarded as 
interphenomena. Thus the phenomena are v e r i f i a b l e occurrences, 
whereas interphenomena are the s u b j e c t of Quantum Mechanics 
which i n c l u d e s t h e p r i n c i p l e of i n d e t e r m i n a c y , and they are 
t;. h e r e f o r e i.! n v e r i f i a ta 1 e . 

F'rior t o t h e s t a r t of t h e T w e n t i e t h Century, matter was 
g e n e r a l l y regarded as c o n s i s t i n g u l t i m a t e l y of fundamental 
p a r t i c l e s , whereas e l e c t r o m a g n e t i c r a d i a t i o n c o n s i s t e d of waves. 
The development of Gluantum Theory d i s t u r b e d t h i s c onception as 
l i g h t was shown t o have a c o r p u s c u l a r i d e n t i t y and m a t e r i a l 
p a r t i c l e s were shown t o behave l i k e waves. Thus e x p l a n a t i o n o f 
some experiments was g i v e n s a t i s f a c t o r i l y by a wave 
i n t e r p r e t a t i o n , whereas o t h e r s were o n l y s a t i s f a c t o r i l y 
e x p l a i n e d by p a r t i c l e s . The most c o n s i s t e n t e x p l a n a t i o n was 
p r o v i d e d by Born who i n t e r p r e t e d the waves as p r o b a b i l i t y 
packets t o e x p l a i n t h e s t a t i s t i c a l behaviour of p a r t i c l e s , but 
t h i s c o u l d n o t be a p p l i e d i n a l l i n s t a n c e s , Bohr's principle of 
complementarity r e s o l v e d the apparent c o n t r a d i c t i o n s by 
d e m D n s t r a t i n g t h a t b o t l i c:nt:epts were equ.a 11 y v a l i d i n t h a t 
c o n t r a d i c t i o n s o n l y occur w i t h i n the range of i n d e t e r m i n a c y 
s p e c i f i e d by Heisenberg's p r i n c i p l e . Thus both i n t e r p r e t a t i o n s 
can be used t o e x p l a i n a l l o c c u r r e n c e s , s i n c e i t i s i m p o s s i b l e 
t o c o n s t r u c t an experiment t h a t d i s c r i m i n a t e s between them. 

R'eichenbach c o n s t r u e s t h i s e x p l a n a t i o n as o f f e r r i n g us two 
complete c l a s s e s of d e s c r i p t i o n of interphenomena. Thus a l t h o u g h 
we have one normal system of e x p l a n a t i o n s f o r o r d i n s i r y 
macroscopic o c c u r r e n c e s , which a l s o i n c l u d e s the observed 
phenomena^ of the quantum w o r l d , f o r interphenomena two 
e q u i v a l e n t systems o f d e s c r i p t i o n are q u i t e c o m p a t i b l e . I t i s 
necessary, however, t o demonstrate t h a t both e x p l a n a t i o n s 
s a t i s f y t h e p r i n c i p l e t h a t t h e la'ws of n a t u r e are not changed by 
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o b s e r v a t i o n . The p r i n c i p l e o f c l a s s i c a l p h y s i c s , t h a t o b j e c t s 
a r e unchanged by t h e process o f o b s e r v a t i o n , i s n o t , however, 
a p p l i c a b l e t o interphenomena. 

With t h i s i n t r o d u c t i o n i t i s a p p r o p r i a t e t o co n s i d e r a c l a s s i c 
paradox o f quanta, and Reichenbach i n v e s t i g a t e s i n d e t a i l . A 
l o w - i n t e n s i t y source of e l e c t r o n s or photons ( l i g h t ) i s 
p r o j e c t e d towards a scre e n , and between the source and screen i s 
i n t e r p o s e d an opaque b a r r i e r . A narrow s l i t "A" i s made i n the 
b a r r i e r so t h a t some e l e c t r o n s v j i l i pass through i l l u m i n a t i n g 
the screen w i t h t i n y f l a s h e s . Thus the phenomena, i n 
Reichenbach's t e r m i n o l o g y , are the f l a s h e s on the screen and the 
p a t t e r n of d i s t r i b u t i o n they make t h e r e , w h i l s t e x p l a n a t i o n s of 
what i s o c c u r r i n g between source and screen must be i n terms o f 
the unobserved interphenomena. Using t he c o r p u s c u l a r d e s c r i p t i o n 
of e l e c t r o n s we can d e s c r i b e what i s o c c u r r i n g i n terms of 
e l e c t r o n s being p r o j e c t e d towards t h e b a r r i e r , some passing 
t h r o u g h t h e s l i t , and being d e f l e c t e d as they do t o impinge on 
the screen i n a p r o b a b i l i t y d i s t r i b u t i o n . T his i s a p e r f e c t l y 
c o n s i s t e n t e x p l a n a t i o n and s a t i s f i e s the r u l e s of the normal 
system o f e x p l a n a t i o n of c l a s s i c a l p h y s i c s . I f the wave 
d e s c r i p t i o n o f e l e c t r o n s i s a p p l i e d t o the system, then the 
s p e r i c a l w a v e - f r o n t s e m i t t e d from t h e source are i n t e r r u p t e d a t 
the b a r r i e r w i t h o n l y a s m a l l p r o g r e s s i o n allowed a t the s l i t . 
T h i s c o n t i n u e d p r o g r e s s i o n subsequently spreads out as a 
w a v e - f r o n t from the? s l i t and generates an i n t e r f e r e n c e p a t t e r n 
of i n t e n s i t y on t h e screen. T h i s e x p l a n a t i o n i s o n l y a t odds 
w i t h t h e f a c t s o f t h e case i n t h a t i t f a i l s t o account f o r the 
flcishsss on t h e screeen. There i s t h c i r e f o r e a caused anomaly i n 
the wave e x p l a n a t i o n o f v^jhat i s o c c u r r i n g . 

I t i s now necessary t o add t o the c o n f i g u r a t i o n w i t h a second 
s l i t ''B" i n the b a r r i 6 ? r p a r a l l e l t o s l i t "A". There now o b t a i n s 
a p a t t e r n o f f l a s h e s on the screen which i s d i f f e r e n t from t h a t 
o b t a i n i n g i n the o n e - s l i t case, and i t i s d i f f e r e n t from the 
p a t t e r n t h a t would be generated i f t he o n e - s l i t p a t t e r n from "A" 
were supplemented by t h e same p a t t e r n t h a t would o r i g i n a t e from 
"B". The p a t t e r n from two s l i t s i n f a c t i s c o n s i s t e n t w i t h the 
i n t e r f e r e n c e f r i n g e s of wave f r o n t s being d i f f r a c t e d through two 
s l i t s . Thus f o r t h i s c o n f i g u r a t i o n t h e wave e x p l a n a t i o n of 
e l e c t r o n s again p r o v i d e s an e x p l a n a t i o n , a p a r t from t he anomaly 
of t h e flashefs o f l i g h t on t h e screen. I f the c o r p u s c u l a r 
e x p l a n a t i o n i s a t t e m p t e d , however, we have problems of 
e x p l a i n i n g t h e i n t e r f e r e n c e f r i n g e s , - of a l t e r n a t i n g dark and 
l i g h t bands on t h e screen. By the c o r p u s c u l a r e x p l a n a t i o n we 
would expect t he t w o - s l i t p a t t e r n t o be the d i r e c t sum of the 
p a t t e r n s from o n e - s l i t when f i r s t "A" and then "B" i s open w i t h 
the o t h e r s l i t c l o s e d ; but i t i s n ' t . The behaviour of an 
e l e c t r o n l e a v i n g t he source and passing t h r o u g h a s l i t appears 
t o be a f f e c t e d by t h e second s l i t being open. No causal 
mechanism can be d e t e c t e d t h a t accounts f o r such an i n f l u e n c e , 
and so a l t h o u g h t he c o r p u s c u l a r t h e o r y accounts f o r the f l a s h e s 
on t h e screen i t doesn't p r o v i d e a coherent causal e x p l a n a t i o n 
of t h e process t h r o u g h which they occur. Reichenbach c o n s i d e r s a 



t h i r d p o s s i b i l i t y of e x p l a n a t i o n u s i n g De B r o g l i e ' s concept of 
p i l o t waves- I n t h i s e x p l a n a t i o n a wave f i e l d i s e m i t t e d by the 
source? and undergoes d i f f r a c t i o n a t the two s l i t s t o form a 
p r o b a b i l i t y i n t e r f e r e n c e d i s t r i b u t i o n on the screen. The 
i n t e n s i t y o f the wave f i e l d determines the p r o b a b i l i t y of 
f i n d i n g a c o r p u s c l e a t t h a t p o i n t , and e f f e c t i v e l y serves t o 
" p i l o t " the? p a r t i c l e s from source t o screen. This t h e o r y appc^ars 
t o o f f e r t h e a t t r a c t i v e compromise of e x p l a i n i n g both the 
dependence of t h e i n t e r f e r e n c e p a t t e r n on the screen on the 
c o n f i q u r a t i o n o f s l i t s , t o g e t h e r w i t h t he phenomena of the 
d i s c r e t e f l a s h e s on t h e screen. Reichenbach dismisses t h i s as an 
inadequatte "caxusal" e x p l a n a t i o n t h r o u g h i t s use of a d e t e r m i n i n g 
wave f i e l d d e v o i d of energy t o do the j o b . 

At t h i s s t a g e o f h i s a n a i l y s i s Reichenbach has not demonstrated 
t h a t some e x p l a n a t i o n , n o t p r e v i o u s l y c o n s i d e r e d , may d e s c r i b e 
t h e s i t u a t i o n w i t h o u t causal anomalies; but l a t e r he 
demonstrates from the? mathematics how the siystem of quantum 
mechanics i n c o r p o r a t i n g Bohr's p r i n c i p l e o f complementarity must 
i n e v i t a b l y i n c l u d e causal anomaly under a normal d e s c r i p t i o n . 
Reichenbach t h e r e f o r e p r o c l a i m s the principle of anomaly -

The? c l a s s of d e s c r i p t i o n s of interphenomena 
c o n t a i n s no normal system. 

(Reichenbach [ 1 9 4 4 ] , 33) 

He embarks on a means of i n c o r p o r a t i n g such d e s c r i p t i o n s i n t o an 
a c c e p t a b l e system of physicail e x p l a n a t i o n . He a s s e r t s t h a t 
alt|-iough a normal system of e x p l a n a t i o n of behaviour i s not 
possible? i n a \ l l s i t u a t i o n s i n v o l v i n g interphenom-ena, every 
phenomenal occurrence i s 6?xplicatale by one system. In o t h e r 
words i n t h e t w o ~ s l i t experiment t h e i n t e r f e r e n c e f r i n g e s are 
e x p l a i n e d on the wave d e s c r i p t i o n , whereas the f l a s h e s of l i g h t 
a re e !xplicable on t h e c o r p u s c u l a r d e s c r i p t i o n . He f u r t h e r makes 
the p o i n t that, each system of d e s c r i p t i o n , t h a t i s wave or 
corpuscles, i n i t s e l f i s c a u s a l l y c o h e r e n t . As an analogy he 
c o n s i d e r s a g e o m e t r i c a l system of o r t h o g o n a l c o o r d i n a t e s drawn 
as t h e l i n e s of l o n g i t u d e and l a t i t u d e on a sphere. These are 
f u n c t i o n a l f o r n a v i g a t o r s a t a l l p o i n t s excejpt a t the Poles 
where l o n g i t u d e i s indeterminate?. At these p o i n t s o f s i n g u l a r i t y 
a t t h e P o l e s , t h e r e i s no p h y s i c a l d i f f e r e n c e , o n l y a problem 
w i t h t h e c o o r d i n a t e s , and a n a v i g a t o r can c o n t i n u e by imposing a 
l o c a l i s e d a l t e r n a t i v e s e t a t these p l a c e s . Thus we can have a 
f u n c t i o n a l s e t of c o o r d i n a t e s t o cover every extended area on 
the sphere, taut no one system t h a t covers all areas. Thus f o r 
Quantum Mechanics we can have a system of interphenomena1 
concepts v^hich p r o v i d e e x p l a n a t i o n over a range of s i t u a t i o n s , 
taut which become anomalous when a p p l i e d t o every s i t u a t i o n . 
Reichentaach a c c r e d i t s t h i s f a c t t o the p r i n c i p l e of 
i n d e t e r m i ri a c y „ 

We a r e thus encouraged by Reichsnbach t o accept t h a t , j u s t as a 
n a v i g a t o r may use a d i f f e r e n t c o o r d i n a t e system when h i s normal 
system i s i n a p p r o p r i a t e , a p h y s i c i s t may choose t o employ e i t h e r 
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t h e wave i n t e r p r e t a t i o n or t h e c o r p u s c l e i n t e r p r e t a t i o n t o 
p r o v i d e an e x p l a n a t o r y answer t o a s p e c i f i c q u e s t i o n concerning 
interphenomena. The j u s t i f i c a t i o n f o r t h i s i s s o l e l y on the 
grounds of e l i m i n a t i n g causal anomaly, as Reichenbach admits. 
Thus, he concludes t h a t 

i n t h e w o r l d of atomic dimensions the p o s t u l a t e of 
unchanged laws of n a t u r e cannot be c a r r i e d through 
f o r t h e t o t a l i t y of interphenomena, and t h e r e f o r e 
does n o t d e t e r m i n e one i n t e r p r e t a t i o n as the normal 
i n t e r p r e t a t i o n o f all interphenomena, a l t h o u g h i t 
determines one normal i n t e r p r e t a t i o n f o r every 
i n terphenomenon„ 

(Reichenbach [ 1 9 4 4 ] , 39) 

Reichenbach a s s e r t s t h a t t h i s i s n o t a breakdown of our system 
o f c o n c e p t s , but happens t o be an o b j e c t i v e prop;erty o f the 
w o r l d i n t h e microcosm. He? conceives t h a t i f such behaviour were 
m a n i f e s t a t t h e maxcro l e v e l we would a d j u s t our i n t e r p r e t a t i o n s 
of ta6?haviour t o t a k e account of i t . 

He then c o n s i d e r s t h e restrictive interpretation favoured by 
Bohr 3.nd Heisenberg. They claimed t h a t o n l y statements about 
meaisur6?d e n t i t i e s , — phenomena —, were a d m i s s i b l e , and 
s t a t e m e n t s i n v o l v i n g interphenomena were meaningless. They 
t h e r e b y adopted a s t r i c t l y p o s i t i v i s t view of p h y s i c a l 
e x p l a n a t i o n , Thiis r e t u r n s us t o the arguments a g a i n s t 
p o s i t i v i s m t h a t Reichenbach employed i n EP, and a*l though he 
acknowledges t h e adviintage of the Bohr-He?isenberg approach i n 
e l i m i n a t i n g c a usal anomaUy, he c r i t i c i s e s i t i n t h a t we lose the 
p o t e n t i a l o f m a n i p u l a t i n g concepts t h a t connect statements about 
observed e ? n t i t i e s w i t h unobserved e n t i t i e s . Thus, i n EP, the 
e x p l a n a t i o n of the moving shapes on the w a l l s of the c u b i c a l 
w o r l d ais t h e e f f e c t s o f unobserved b i r d s , wais regarded by 
Reichenbach axs p r e f e j r a b l e t o a p o s i t i v i s t i n t e r p r e t a t i o n because 
i t f u r n i s h e s us w i t h a useable h y p o t h e s i s t h a t connects w i t h our 
concepts of a c a u s a l l y i n t e g r a t e d w o r l d . 

The r e s t r i c t i v e i n t e r p i r e t a t t i o n s do not say the 
causal anomalies, taut ths?y do not re*r/ove them. 
The cstusal anoma^lies cannot be removed because 
tht?y are inh6?rent i n t h e n a t u r e of the p h y s i c a l 
w o r l d . ... I t i s p o s i t i v e knowledge, deep i n s i g h t 
i n t o t he n a t u r e of t h e atomic w o r l d , which c o n s t i t u t e s 
t h e baisis of t h i s s t r a n g e network of r u l e s , f o r m u l a t e d 
ais rul6?s l i m i t i n g d e s c r i p t i o n s , but e x p r e s s i n g 
i m p l i c i t l y r u l e s h o l d i n g f o r a l l p h y s i c a l occurrences. 

(Reichenbach [ 1 9 4 4 ] , 44) 

Michael Redhead i s more f o r t h r i g h t i n h i s d e n u n c i a t i o n of a 
r e s t r i c t i v e i n t e r p r e t a t i o n o f quantum events 

S e t t i n g dogmatic l i m i t a t i o n s on s c i e n t i f i c t h e o r i z i n g 
on the b a s i s of obscure p h i l o s o p h i c a l p r e c o n c e p t i o n s . 

- i ; 



i s a dangerous p r e j u d i c e from the s t a n d p o i n t of a 
c o n j e c t u r a l ~ f ail l i b i s t approach t o the n a t u r e of 
sc i en t. i f i c ac t i v i t y . 

(Redhead [ 1 9 8 7 ] , 51) 

That Reichenbach should be more c o n s t r u c t i v e i n h i s c r i t i c i s m of 
th e p o s i t i v i s t view h e l d by Bohr, probably r e f l e c t s h i s 
closen&?ss t o t h a t p h i l o s o p h i c a l school â nd a degree of r e s p e c t 
f o r a view thaxt demanded an e m p i r i c a l demonstration of t h e o r y . 

W i t h t h i s statems?nt Rt?ichentaach concludes the f i r s t p a r t of h i s 
a n a l y s i s b e f o r e proceeding t o a mathematical e x p o s i t i o n of 
quantum mechanics. I t i s remarkable? t h a t he has not r e f e r r e d any 
of h i s e p i s t e m o l o g i c a d i n v e s t i g a t i o n t o c o n t r a s t w i t h Kantian 
c o n c e p t s , n o r , as opposed t o EP_, has he maintained a p o s i t i o n 
e x p l i c i t l y a g a i n s t l o g i c a l p o s i t i v i s m or c o n v e n t i o n a l i s m . I t i s 
as i f these were? ghosts of h i s past which he has f i n a l l y 
e x o r c i s e d , and he i s f r e e t o pursue a s t r a i g h t f o r w a r d 
i n v e s t i g a t i o n of t h e p h i l o s o p h i c c J 1 i m p l i c a t i o n s of h i s s u b j e c t . 
His p D E i i t i o n a t t h i s j u n c t u r e , however, appears t o be somewhat 
a t odds w i t h what we would expe?ct from t h i s v i g o r o u s e m p i r i c a l 
r e a l i s t ; h i s aidvocacy of the e q u i v a l e n c e of wave and c o r p u s c l e 
d e s c r i p t i o n s of fundamental p a r t i c l e s would appear t o be more 
c o n s i s t e n t w i t h t h e p o s i t i o n of a t r a n s c e n d e n t a l i d e a l i s t , 
d e s p i t e h i s p r o t e s t a t i o n thait t h i s i s a "deep i n s i g h t i n t o the 
n a t u r e of t h e atomic w o r l d . " 

As he e x p l a i n s i n h i s P r e f a c e , Reichenbach's o b j e c t i v e i n 
p r e s e n t i n g , i n the second s e c t i o n of t h i s book, an o u t l i n e of 
th e maithematics of quantum mechanics, i s 

t o open a s h o r t c u t toward the mathematical f o u n d a t i o n s 
of quantum mechamics f o r a i l l those who do not have 
the time? f o r thorough s t u d i e s of the s u b j e c t . 

(Reichenbach [ 1 9 4 4 ] , v i i ) 

He s u b s e q u e n t l y us&?s some of the mathematical concepts 
i n t r o d u c e d here i n hisj a t n a l y s i s i n the t h i r d s e c t i o n of the 
book, but t h i s d e t a i i l i s n o t rele?vant t o an understanding of h i s 
e p i s t e t n o l o g i c a l argument. T h i s i s Reichenbach the teacher ixt 
work, i m p r o v i n g our grasp of a d i f f u s e s u b j e c t . 

Reichentaach begins h i s mathematical l e c t u r e w i t h i n t r o d u c t o r y 
u n i t s on h a n d l i n g comple?x f u n c t i o n s , a t t e m p t i n g t o g i v e the 
reaider a grasp of t h e means t o mainipulaate them. He proceeds from 
t h i s t o an e x p o s i t i o n of the? d e r i v a t i o n of Schr&diner's 
E q u a t i o n , and e x p l a i i n s i t s o r i g i n . The e q u a t i o n s f o r Quantum 
Mechatnics were? conceived as being g e n e r a l i s a t i o n s of those of 
c l a i s s i c a i l mechanics, but w i t h o u t t h e r e being a c l e a r l o g i c a l 
d i r e c t i v e f o r e?stabl i s h i n g a r u l e of g e n e r a l i s a t i o n . Given wide 
scope, t h e r e f o r e , development proceeded h e u r i s t i c a l l y and on the 
b a s i s o f b o l d assumptions. Without a c l e a r l o g i c a l t h e o r y behind 
the work, t h e s i n g l e j u s t i f i c a t i o n f o r the c o n c l u s i o n i s t h a t 
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t h e mathematics has p r o v i d e d e x c e p t i o n a l p r e d i c t i v e accuracy. 
De B r o g l i e began t h e process by e x t e n d i n g the concepts of the 
du a l i s m i n h e r e n t i n the wave-corpuscle t h e o r y of l i g h t t o 
fundamental p a r t i c l e s o f m a t t e r , Schrodinger then used t h i s t o 
extend c l a s s i c a l mechanics i n t o wave mechanics, and Heisenberg 
concluded t h a t l a c k o f d i r e c t v e r i f i a b i 1 i t y i m p l i e d t h a t the 
e q u a t i o n s r e p r e s e n t e d p r o b a b i l i t i e s of t r a n s i t i o n o n l y and were 
e x p r e s s i b l e i n maitrix form. Reichenbach again i l l u s t r a t e s a 
p o i n t t h a t t h e o r i e s should be assessed i n t h e i r " c o n t e x t of 
j u s t i f i c a t i o n " by t h e i r coherence and p r e d i c t i v e v a l u e , r a t h e r 
than i n t h e i r " c o n t e x t of d i s c o v e r y " . 

He then sketches t h r o u g h a d e r i v a t i o n o f Schrodinger's e q u a t i o n , 
and proceeds t o show t h a t s o l u t i o n s w i l l p r o v i d e d i s c r e t e energy 
l e v e l s c o n s i s t e n t w i t h Bohr's atomic model. Furthermore, i f we 
examine? the? proportions of p o s i t i o n and momentum of a p a r t i c l e , 
i t can be shown t h a t these are non-commutative p r o p e r t i e s and 
t h e r e f o r e p r o v i d e s e p a r a t e and d i s t i n c t s e t s o f e i g e n - f u n c t i o n s 
and E 3 i g e n ~ v a l u e s , w i t h t he consequence t h a t i t i s not p o s s i b l e 
t o e s t a b l i s h a measuring s i t u a t i o n t h a t p r o v i d e s simultaneous 
v a l u e s o f these p r o p e r t i e s . S c hrodinger's e q u a t i o n p r o v i d e s us 
w i t h a wave r e p r e s e n t a t i o n of a fundamental e n t i t y , not i n 
c o r p u s c u l a r form but r e p r e s e n t e d as a wave w i t h p r o p e r t i e s of 
a m p l i t u d e measur6?d against, space and time c o o r d i n a t e s . This can 
be i n t e r p r e t e d i n t o c o r p u s c u l a r terms t h r o u g h t r a n s f o r m a t i o n t o 
g i v e a r e l a t i o n of time-dependence f o r commutative p r o p e r t i e s . 
D i f f e r e n t t r a n s f o r m a t i o n s are r e q u i r e d f o r p r o p e r t i e s which are 
non-c ommu t a t i ve, 

Reichenbach procedes i n t h e t h i r d s e c t i o n of PFQM t o examine the 
i m p l i c a t i o n s f o r c a u s a l i t y o f the d u a l i s t i n t e r p r e t a t i o n of the 
e q u a t i o n s o f quantum mechanics. He r e q u i r e s a "causal law" t o 
meet two c o n d i t i o n s -

F i r s t , i t i s r e q u i r e d t h a t t he cause determine t h e 
e f f e c t u n i v o c a l l y ; second, i t i s demanded t h a t the 
e f f e c t spread c o n t i n u o u s l y t h r o u g h space, f o l l o w i n g 
t he p r i n c i p l e o f a c t i o n by c o n t a c t . 

(Reichenbach [ 1 9 4 4 ] , 117) 

As a vjave t h e o r y alone quantum mechanics p r o v i d e s a system of 
causal o r d e r i n g t h a t a p p l i e s t o interphenomena, but breaks down 
o n l y a t the l6?vel of the d i s c r e t e phenomenon which i s l o c a t e d 
s p a t i a l l y and t e m p o r a l l y . The c o r p u s c u l a r t h e o r y , on the o t h e r 
hand, can n o t p r o v i d e a c o n t i n u o u s s p a t i a l and temporal account, 
due t o t h e non-commutative p r o p e r t i e s o f the space and momentum 
v e c t o r s w i t h i n t h e c o n t r o l l i n g f u n c t i o n . I t does, however, 
en£\tale t h e c o n s t r u c t i o n of c l a s s models, f o r example of the 
hydrogen atom, a g a i n s t which d i s c r e t e measurement can be 
o b t a i n e d , but we are n o t enabled t o pursue the development of 
t h i s model t h r o u g h t i m e as a p h y s i c a l s t r u c t u r e a g a i n s t causal 
i n t e r a c t i o n . 

Reichenbach t h e r e f o r e l o o k s t o the languages t h a t we are u s i n g . 
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There &re two, an obse?rvat.iona 1 langua^ge r e l a t i n g t o the 
phenomena, ajnd a quantum mechanicail language which r e l a t e s t o 
the interphenomena. These languages aire r e l a t e d inasmuch ais the 
t r u t h or failsehood o f staitements mâ de i n the quantum mechanical 
languaiqe can o n l y be determined i n terms of measurements i n the 
observavtional language. Thus "meaning" i n the quantum mechanical 
language r e l a t e s t o s t a t e m e n t s i n thee o b s e r v a t i o n a l language?, as 
f o r exaimple ax statem e n t of a p o s i t i o n of an e l e c t r o n i s 
rel a t e a x b l e t o an otasejrved f l a s h on a scree?n or a b l i p on a 
Geiger Counter, I f we pursue t h i s , however, we must conclude 
thait i f we have a staitsm6?nt of p o s i t i o n of an 6?lectron, then a 
sta t e m e n t about a si m u l t a n e o u s momentum of t h a t e l e c t r o n i s 
e f f e c t i v e l y meaningless, i n t h a t i n measuring p o s i t i o n we are 
p h y s i c a l l y unaxble t o measure momentum, Reichenbach wishes t o 
a v o i d t h e consequences of a language which generates p h y s i c a l l y 
meia-ininqless state/ments, and he t h e r e f o r e extends h i s d e f i n i t i o n 
o f t r u t h - v a l u e t o accommodate t h i s , by i n t r o d u c i n g a t h i r d 
v a l u e , - n e i t h e r t r u e nor f a l s e , but i n d e t e r m i n a t e . He compares 
i t t o t h e case of two dice? p l a y e r s , "A" p r e d i c t s a s i x i f he 
throws n e x t amd "B" p r e d i c t s a f i v e i f he throws n e x t , "A" 
throx'js f o u r , and h i s pre?diction i s t h e r e f o r e f a l s e ; but "B"'s 
p r e d i c t i o n can be n e i t h e r t r u e nor f a i l s e , but i n d e t e r m i n a t e . 
Re?ichentaach does c o n t i n u e by a s s e r t i n g t h a t i n t h i s "macro" 
s i t u a t i o n i t would have been p o s s i b l e perhaps t o r e - c a s t the 
s i t u a t i o n f o r "B" then t o t e s t h i s h y p o t h e s i s , whereas the 
quaxntum s i t u a t i o n does n o t axllow t h i s . 

Reichenbaich c o n t i n u e s , t o demonstrate t h a t t h i s t h r e e - v a l u e d 
l o g i c can be a p p l i e d c o n s i s t e n t l y t o the quantum-mechanical 
latnguage i n a mamner tha<t p r o v i d e s a more complete d e s c r i p t i o n 
of e v e n t s than does, f o r example, t he Bohr-Heisenberg 
r e s t r i c t i v e i n t e s r p r e t a t i o n . I t avoids t he e e x p l i c i t announcement 
of causal anomaly i n a d e s c r i p t i o n , but c l a s s i f i e s groups of 
st a t e m e n t s as i n d e t e r m i n a t e . I t i s q u e s t i o n a b l e i f h i s a n a l y s i s 
u s i n g three~va^ 1 ued l o g i c has e i t h e r aidded t o understanding of 
t h e quantum-mechanical domaiin or enabled us t o operate v i i t h 
anpparent c a u s a l anomalies. He i n t r o d u c e d t h e concept o f 
t h r e e - v a l u e d l o g i c i n EP t o account f o r the concept of 
"weighted" r a t h e r tha^n " a b s o l u t e " t r u t h ; i n t h i s caxse he i s not 
i n v o l v e d i n proba^bi 1 i t i e s or w e i g h t i n g s , but p u r e l y w i t h 
inde?terminate meaasuremen t „ The one v i r t u e of using the 
"indeterminate?" v a l u e i s t h a t t h e a l t e r n a t i v e i n two-valued 
l o g i c i s a d e s i g n a t i o n o f me^aning 1 ess. Thus we would expect Bohr 
t o aissert tha^t t h e concept of a v a l u e f o r momentum of an 
eie;ctron as i ts-; p o s i t i o n i s estaxbl i s h e d , i s meaningless; vjhereas 
Reichentaach' s d e s i g n a t i o n of " i n d e t e r m i n a t e " does provide? a 
c l e a r e r and more releva^nt s t a t e m e n t , 

Reiche?nbach makes a summary of the book's a^nalysis, Hs re ? f l e c t s 
t h a t indejterminacy i s a fundamental p h y s i c a l law, i n v o l v i n g 
d i s t u r b a i n c e of the o b j e c t by meaxsuremen t . The physicatl w o r l d 
t h e r e f o r e d i v i d e s i n t o phenomenax which are a c c e s s i b l e t o 
observa-ition and infere?ntiai.l re?^asoning, and interphenomena which 
are baxsed on i n t e r p o l a x t i o n and which generate systems not f r e e 
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from c a u s a l anomaly. He then advances i n t o a C o n v e n t i o n a l i s t 
p o s i t i o n -

I n s t e a d of speaking of t h e s t r u c t u r e of the p h y s i c a l 
w o r l d , V'-ss may c o n s i d e r t h e s t r u c t u r e of the languagejs 
i n which t h i s w o r l d can be d e s c r i b e d ; such a n a l y s i s 
expresses t h e s t r u c t u r e of the w o r l d i n d i r e c t l y , but 
i n a more p r e c i s e way. 

F.'eichBnbach' s i n t e n t i o n i n t h i s book was t o r e p l a c e causal laws 
w i t h p r o b a b i l i t y laws, and t o e x p l o r e the i n t e r p r e t a t i o n of 
unobserved o b j e c t s . He has not demonstrated t h a t i n the quantum 
v j o r l d , p r o b a b i l i s t i c c o n n e c t i o n s u p p l a n t s causal c o n n e c t i o n . He 
has i l l u s t r a t e d p h y s i c a l causal anomalies, but he has o n l y been 
a b l e t o adjust, the? l o g i c a l s t r u c t u r e of language t o accommodate 
them, he has n o t p r o v i d e d p r o b a b i l i s t i c support f o r t h i s . One o f 
FieiChenbeich' s e n d u r i n g passions has be?er! h i s r e c o g n i t i o n t h a t 
a c t u a l knowledge i s o b t a i n e d i m p r e c i s e l y and s i f t e d through a 
s t a t i s t i c a l f i l t e r t o g i v e i t s u b s t a n t i a l form. He was 
f a s c i n a t e d by Boltzmaum who e f f e c t i v e l y reversed the t r a d i t i o n a l 
process by d e l itaerat-ely u s i n g p r o b a b i l i s t i c i m p r e c i s i o n on l a r g e 
agcjregates, t o produce measureable p r e d i c t i o n s a t the aggregate 
l e v e l . The development of quantum mechanics w i t h i t s m o d e l l i n g 
i n t e r p r e t e d i n p r o b a b i l i s t i c terms would aippear t o o f f e r him an 
o p p o r t u n i t y t o ( s s t a b l i s h a p r o b a b i l i s t i c c o n c e p t i o n of the 
p h y s i c a l w o r l d , but he? appears unable t o achieve t h i s . We must 
a l s o be c r i t i c a l of h i s c o n c l u s i o n s r e g a r d i n g unobserved quantum 
o b j e c t s vuhere he appears t o withdraw from h i s e m p i r i c a l r e a l i s m 
i n t o a c o n v e n t i o n a l i s t i n t e ? r p r e t a t i o n . In t h i s book he was not 
s e t t i n g o u t s p e c i f ica^l l y t o de?fend a p h i l o s o p h i c a l p o s i t i o n 
a g a i n s t o t h e r s , r a t h e r t o p r o v i d e an e l u c i d a t i o n of a p h y s i c a l 
t h e o r y , and the consequences i n h i s p h i l o s o p h y are not c l e a r 
even though he p r o v i d e s a c l e a r e?xposition of the apparent 
anomalies i n h e r e n t i n quantum mechanics. 

He has concerned himse?lf e x c l u s i v e l y w i t h the e x p r e s s i o n of 
quantum t h e o r y i n terms of f u n c t i o n s r e l a t e d t o the behaviour of 
i n d i v i d u a l p a r t i c l e s . As an e x t e n s i o n of c l a s s i c a l mechanics, 
quanti.im mechanics examines t h e be?haviour of i n d i v i d u a l p a r t i c l e s 
i n elesctromagnetic f i e l d s . The consequences g i v e a b a s i s f o r 
models of atoms and energy emissions t h a t conform w e l l w i t h 
observed p h y s i c a l e f f e c t s . He observes t h a t the s o l e 
j u s t i f i c a t i o n of quantum t h e o r y i s i t s a b i l i t y t o p r o v i d e 
c o n c l u s i o n s which correspond w i t h the f a c t s ; but j u s t as Kant's 
p h i l o s o p h y was d i s t o r t e d by h i s acceptance t h a t Newtonian 
me?chanics appeared t o p r o v i d e a conclusive? f i n a l t h e o r y , t h e r e 
i s a danger t h a t Reichenbach's e p i s t e m o l o g i c a l c o n c l u s i o n s 
a r i s i n g o u t of quantum mechanics may be o v e r - h a s t i l y drawn. A 
c o n c l u s i o n he c o u l d have perhaps emphasised, r e l a t i n g back t o 
Boltzmann, i s t h a t d e s p i t e apparent causal anomaly a t the l e v e l 
of t h e i n d i v i d u a l quantum p a r t i c l e , t he consequence of 
c o n s i d e r i n g p a r t i c l e s i n aggregate p r o v i d e s no such anomalous 
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b e h a v i o u r . Thus thte a b s o r p t i o n s p e c t r u m o f hydrogejn gas i s 
predict£?d by t h e t h e o r y a t t h e m a c r o s c o p i c l e v e l , and we can 
draw c o n c l u s i o n s on t h e e m i t t e d l i g h t o f s t a r s t o c o n c l u d e t h a t 
t h e p r e s e n c e o f h y d r o g e n g i v e s us t h e measurements we o b t a i n . We 
u n d e r s t a n d t h e c a u s a l c o n n e c t i o n s i n t h i s phenomenon r i g h t down 
t o t h e s t r u c t u r e o f t h e i n d i v i d u a l h y d r o g e n atom. Causal anomaly 
o n l y i n t e r v e n e s when we a t t e m p t t o t r a c k an i n d i v i d u a l p h o t o n 
c o n t r i b u t i n g t o t h e t o t a l phenomenon. The c a u s a l a n o m a l i e s i n 
t h e t w o - s l i t e x p e r i m e n t a r i s e t h r o u g h t h e i n t e r a c t i o n o f t h e 
o b s e r v a t i o n s w i t h t h e quantum d e s c r i p t i o n o f t h e e l e c t r o n . I f we 
d e s c r i b e i t as a c o r p u s c l e we have t o e x p l a i n how i t s b e h a v i o u r 
i n p a s s i n g t h r o u g h one s l i t i s a p p a r e n t l y a f f e c t e d n o n - l o c a l l y 
by t h e p r e s e n c e o f a s e c o n d s l i t ? and i f we d e s c r i b e i t as a 
wave we have t o e x p l a i n s p e c i f i c l o c a l i s e d f l a s h e s on t h e 
s c r e e n . The a n o m a l i e s may d i s a p p e a r , however, w i t h a d i f f e r e n t 
c o n c e p t o r a d i f f e r e n t quantum m o d e l . 

H i s c l a s s i f i c a t i o n o f non-measured o r u n m e a s u r e a b l e 
i n t e r p h e n o m e n a l p r o p e r t i e s as i n d e t e r m i n a t e does p r o v i d e a 
h e l p f u l r e c o n c i l i a t i o n w i t h t h e macro w o r l d . As he p a i n t s o u t i n 
EP n meaning i s a ba^sis f o r u s e f u l n e s s , and t h e B o h r — H e i s e n b e r g 
r e s t r i c t i o n on u n o b s e r v e d i n t e r p h e n o m e n a l p r o p e r t i e s as 
m e a n i n g l e s s c o n c e p t s , d e p r i v e s us o f a l a n g u a g e f o r r e l a t i n g 
q uantum e v e n t s . I f we d e s c r i b e t h e momentum o f i m p a c t o f a 
p a r t i c l e w i t h a s p a t i a l d e t e r m i n a t i o n as indeterminate^ we have 
a means o f a c c ommodating t h i s u n d e r s t a n d i n g ; ! whereas i t s 
d e s i g n a t i o n as meaningless a c t u a l l y l i m i t s o u r u n d e r s t a n d i n g o f 
w h a t i t i s whose p o s i t i o n we have measured. The c o n c e p t o f an 
i n d e t e r m i n a t e e v e n t i s f a m i l i a r t o u s . Take t h e example o f a 
d i c e t h r o w e r 5 t h e p o t e n t i a l outcome o f a t h r o w i s i n d e t e r m i n a t e , 
and we a r e q u i t e u n a b l e p h y s i c a l l y t o t a k e a c c o u n t o f a l l 
p o s s i b l e c a u s a l i n f l u e n c e s on i t , - even t h o u g h t h e r e seems a 
f e a s i b i l i t y f o r t h i s . We know t h a t i n a g g r e g a t e a s i x w i l l 
a p p e a r w i t h a f r e q u s i n c y t h a t g£?ts c l o s e r t o o n e - s i x t h as t h e 
number o f t h r o w s i n c r e a s e s , b u t each n e x t t h r o w i s 
i n d e t e r m i n a t e . The i n d e t e r m i n a c y o f quantum m e c h a n i c s a r i s e s 
f r o m a p h y s i c a l i n a b i l i t y t o d e t e r m i n e a l l p a r a m e t e r s o f a 
quantum e v e n t w i t h o u t u p s e t t i n g them i n t h e m e a s u r i n g p r o c e s s , 
and we t h e r e f o r e cain' t p r o v i d e a p o s i t i v e p r e d i c t i o n o f an 
i n d i v i d u a l o c c u r r e n c e . We c a n , however, p r o v i d e a c c u r a t e 
f a r e d i c t i o n s o f t h e a g g r e g a t e o f s u c h o c c u r r e n c e s . The i n d i v i d u a l 
o utcome i s n o t m e a n i n g l e s s , i t i s i n d e t e r m i n a t e . Perhaps i t 
needed an e m p i r i c a l r e a l i s t t o p r o v i d e t h i s more p r a g m a t i c 
u n d e r s t a n d i n g . 
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C h a p t e r 8 

THE DIRECTION OF TIME 

Iil#_.Di£i?£jLi.S.Q 9.f-_JJr.!!l£?. was p u b l i s h e d p o s t h u m o u s l y i n 1956. I n 
t h i s book a r e r e p r e s e n t e d R e i c h e n b a c h ' s l a t e r c o n c l u s i o n s on t h e 
s u b j e c t s o f hi<3 w r i t i n g t h a t we have been c o n s i d e r i n g , and 
p a r t i c u l a r l y on t h e r e l a t i o n s h i p between c a u s a l d e t e r m i n a t i o n 
and t h e p h y s i c a l w o r l d . I n h i s I n t r o d u c t i o n he d e c l a r e s h i s 
i n t e n t i o n t o examine t h e o b j e c t i v e p r o p e r t y o f t i m e as i t 
m a n i f e s t s i t s e l f i n p h y s i c s , as opposed t o o u r s u b j e c t i v e 
t e m p o r a l e x p e r i e n c e s and he makes a c r i t i c i s m o f K a n t ' s c o n c e p t 
o f t i m e f o r i t s s u b j e c t i v i t y . He a t t r i b u t e s t h i s t o K a n t ' s w i s h 
t o f r e e man's w i l l f r o m a d e t e r m i n i s t i c w o r l d , and as a 
consequence? K a n t ' s p h i l o s o p h y a s s e r t s t h e dominance o f man o v e r 
t i m e and c a u s c i l o r d e r 

K a n t ' s p h i l o s o p h y o f s u b j e c t i v e t i m e and s u b j e c t i v e 
c a u s a l i t y i s a f o r m o f e s c a p i s m . 

( R e i c h e n b a c h [ 1 9 5 6 ] , 15) 

Of c o u r s e i t i s p o s s i b l e t o i n t e r p r e t K a n t ' s p h i l o s o p h y o f space 
and t i m e as a s u b j e c t i v e c o n s t r u c t , and K a n t ' s a n a l y s i s i s t h a t 
we impose c a u s a l l y o r d e r e d f o r m on e x p e r i e n c e ; b u t Kant w o u l d 
a l s o a s i s e r t t h a t t h i s i s a re-al p r o p e r t y o f t h e e m p i r i c a l w o r l d s 
K a n t ' s c a s e i s t h a t we c a n ' t come t o t e r m s w i t h e m p i r i c a l 
k n o w l e d g e u n l e s s we s t r u c t u r e i t i n a n e c e s s a r y way, and i n h i s 
p u b l i c a t i o n s p r i o r t o t h i s R e i c h e n b a c h has been u n a b l e t o 
d e m o n s t r a t e t h a t a s p a t i o - t e m p o r a l s t r u c t u r e w i t h c a u s a l 
c o n n e c t i o n i s n o t a n e c e s s a r y p r e - c o n d i t i o n . F o l l o w i n g h i s break 
w i t h K a n t i a n p h i l o s o p h y i n 1 9 2 1 , and s i n c e moving f r o m I s t a n b u l , 
R e i c h e n b a c h has tacjen o p e r a t i n g w i t h i n a d i f f e r e n t p h i l o s o p h i c a l 
t r a d i t i o n , d o m i n a t e d by t h e w o r k s o f t h e Amer i c a n P r a g m a t i s t s , 
and p e r h a p s i n f l u e n c e d a l s o by R u s s e l l . R u s s e l l ' s method o f 
a n a l y s i s was not. s y m p a t h e t i c t o K a n t , and he was p a r t i c u l a r l y 
i m p a t i e n t w i t h K a n t ' s g r a s p o f c o n c e p t s l i k e " i n f i n i t y " and h i s 
p r e s u m p t i o n t h a t an i n f i n i t e s e r i e s n e c e s s a r i l y has- an i n f i n i t e 
sum. We can t h e r e f o r e ? u n d e r s t a n d F ^ u s s e l l ' s d i s m i s s a l o f K a n t ' s 
c o n c e p t o f t i m e as p u r e l y s u b j e c t i v e when we r e a d i n R u s s e l l ' s 
Our Knowledge o f t h e E x t e r n a l W o r l d 

" W i t h ' a c y n i c a l s m i l e he p o i n t e d t h e r e v o l v e r a t 
t h e b r e a s t o f t h e d a u n t l e s s y o L i t h . 'At t h e word 
t h r e e 1 s h a l l f i r e , ' he s a i d . The words one and 
two had a l r e a d y bv3en spoken w i t h a c o o l and 
d e l i b e r a t e d i s t i n c t n e s s . The word t h r e e was f o r m i n g 
on h i s l i p s . A t t h i s moment a b l i n d i n g f l a s h o f 
l i g h t n i n g r e n t t h e a i r . " Here we have s i m u l t a n e i t y 
- n o t due, as K a n t w o u l d have us b e l i e v e , t o t h e 
s u b j e c t i v e m e n t a l a p p a r a t u s o f t h e d a u n t l e s s y o u t h , 
b u t g i v e n as o b j e c t i v e l y as t h e r e v o l v e r and t h e 
1 i g h t n i n g . 

( R u s s e l l C1926], 122) 
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I n 1929, i n an a r t i c l e i n O b e l i s k Almanach e n t i t l e d " B e r t r a n d 
R u s s e l l " , Reichentaach w r i t e s -

t h e r e a l p h i l o s o p h y o f o u r day has d e v e l o p e d a l o n g 
w i t h t h e p o s i t i v e s c i e n c e s and can o n l y be d i s c o v e r e d 
i f w£? keep o u r e y e s open f o r t h e s p e c i a l f o r m o f 
p h i l o s o p h i c a l t h i n k i n g t h a t i s an o u t g r o w t h o f t h e 
c o n s t r u c t i o n o f s c i e n t i f i c c o n c e p t s and t h e m e n t a l 
a p p a r a t u s o f t h e s c i e n c e s . . . . . . T h e r e a r e p r o b a b l y a 
good many p h i l o s o p h i c a l l y minded p r o f e s s i o n a l 
s c i e n t i s t s , taut t h e r e a r e few p h i l o s o p h e r s . The 
f o l l o w i n g r e m a r k s arc? d e d i c a t e d t o one o f t h e s e , t h e 
w o r t h i e s t r e p r e s e n t a t i v e o f s u c h a p h i l o s o p h y o f t h e 
p o s i t i v e s c i e n c e s ! ! B e r t r a n d R u s s e l l . 

( R e i c h e n b a c h [ 1 9 7 8 ] , 298) 

G i v e n h i s a d m i r a t i o n f o r R u s s e l l i n 1929, i t w o u l d be 
u n s u r p r i s i n g i f he w a s n ' t i n f l u e n c e d by h i m , when, e l e v e n y e a r s 
l a t e r , he s h a r e d a room w i t h him a t UCLA. 

A l t h o u g h R e i c h e n b a c h may a p p e a r t o o r e a d i l y d i s m i s s i v e o f K a n t , 
h owever, t h i s o b s e r v a t i o n does mark t h e f a c t t h a t R e i c h e n b a c h 
has been a b l e t o f r e e h i m s e l f f r o m t h e t r a d i t i o n s o f h i s e a r l y 
p h i l o s o p h i c e d u c a t i o n , , and t h a t he has e s t a b l i s h e d a d i r e c t 
u n f e t t e r e d a p p r o a c h t o p h i l o s o p h y . T h i s f i n a l m a j o r work o f h i s 
i s marked by a t h o r o u g h n e s s and d i r e c t n e s s , and w i t h o u t an 
i n t e n t i o n t o s u p p o r t o r a t t a c k o t h e r s y s t e m s o f p h i l o s o p h y . T h i s 
i s Reichentaach t h e p h i l o s o p h e r - e n g i n e e r a t work. 

R e i c h e n b a c h b e g i n s h i s s t u d y o f p h y s i c a l t i m e by e x a m i n i n g i t s 
q u a l i t a t i v e , o r t o p o l o g i c a l , p r o p e r t i e s . He r e f e r s t h e r e a d e r t o 
PST f o r a s t u d y o f t h e q u a n t i t a t i v e p r o p e r t i e s o f t i m e . He s e t s 
down s i x s t a t e m e n t s as m a r k e r s f o r t o p o l o g y 

1 . Time goes f r o m t h e p a s t t o t h e f u t u r e . 
2. The p r e s e n t , w h i c h d i v i d e s t h e p a s t f r o m t h e f u t u r e , 

i s now. 
3. The p£*st n e v e r comes back. 
4. We c a n n o t change t h e p a s t , b u t we can change t h e f u t u r e 
5. We can have r e c o r d s o f t h e p a s t , b u t n o t o f t h e f u t u r e . 
6. The psist i s d e t e r m i n e d 5 t h e f u t u r e i s u n d e t e r m i n e d . 

( R e i c h e n b a c h [ 1 9 5 6 ] , 20-23) 

He proceed;; t o summarise thc^ t t h e s e i n d i c a t e t h a t t i m e has n o t 
o n l y o r d e r , b u t d i r e c t i o n . He t h e n t u r n s t o c a u s a l r e l a t i o n s h i p s 
as t h e b a s i c d e t e r m i n a n t s o f t e m p o r a l o r d e r , and d e f i n e s t h e s e 
as -

An e v e n t A i s causally connected w i t h an e v e n t B i f 
A i s a cause o f B, o r B i s a cause o f A,, o r t h e r e 
e x i s t s an e v e n t C w h i c h i s a cause o f A and B. 

( R e i c h e n b a c h [ 1 9 5 6 ] , 29) 
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I n d e a l i n g w i t h t i m e , hov-jever, he i n d i c a t e s t h a t c a u s a l 
c o n n e c t i o n i t s e l f does n o t g i v e a c o m p l e t e t o p o l o g y , as such 
c o n n e c t i o n s a p p l y t o b o t h r e v e r s i b l e and i r r e v e r s i b l e p h y s i c a l 
processcss. W i t h a r e v e r s i b l e p r o c e s s we can r e v e r s e t h e t i m e 
c o o r d i n a t e s and s t i l l have a s a t i s f a c t o r y d e s c r i p t i o n c o n s i s t e n t 
w i t h t h e p h y s i c a l w o r l d ? t h i s w o u l d be a n a l o g o u s t o r e v e r s i n g a 
f i l m o f an e n g i n e r u n n i n g a l o n g t r a c k s . Such i n s t a n c e s a r e 
common i n c l a s s i c a l p h y s i c a l l a w s , as f o r i n s t a n c e t h e 
t r a j e c t o r y o f a b a l l b e i n g t h r o w n t h r o u g h a f r i c t i o n l e s s 
e n v i r o n m e n t . I n an i r r e v e r s i b l e p r o c e s s , on t h e o t h e r hand, t h i s 
does n o t a p p l y , - as f o r example i n t h e m i x i n g o f two gases o r 
l i q u i d s , o r t h e movement o f h e a t f r o m b o d i e s o f h i g h e r 
t e m p e r a t u r e t o t h o s e o f l o w e r t e m p e r a t u r e . He does p o i n t o u t , 
h owever, t h a t a l t h o u g h o n l y i r r e v e r s i b l e p r o c e s s e s g i v e a 
d i r e c t i o n t o t i m e , r e v e r s i b l e p r o c e s s e s do d e f i n e a t e m p o r a l 
o r d e r i n g and hence an a s y m m e t r i c a l r e l a t i o n . I t i s a r g u a b l e 
w h e t h e r the asymmetry o f a r e v e r s i b l e p r o c e s s , however, has any 
r e l e v a n c e u n l e s s a d i r e c t i o n d e f i n e d by an i r r e v e r s i b l e p r o c e s s 
has a l r e a d y been e s t a b l i s h e d , and R e i c h e n b a c h l a t e r concedes 
t h i s . A r e v e r s i b l e p r o c e s s d o e s , however, s p e c i f y an o r d e r i n g i n 
t e r m s o f b e t w e e n , b u t w i t h o u t s p e c i f y i n g a n e c e s s a r y d i r e c t i o n , 
so t h a t i t i s p o s s i b l e t o c o n n e c t s u c h p r o c e s s e s i n a n e t w o r k i n 
w h i c h , once a d i r e c t i o n i s g i v e n t o one e l e m e n t , a u n i q u e 
d i r e c t i o n i s g i v e n f o r e v e r y e l e m e n t . We can now t r a v e l t h r o u g h 
t h i s n e t w o r k , a t each node s e l e c t i n g a l i n e t o t r a v e l t h r o u g h . 
R e i c h e n b a c h c a l l s s u c h a r o u t e a c a u s a i c h a i n , and o b s e r v e s t h a t 
i n f o l l o w i n g s u c h a r o u t e we n e v e r r e t u r n t o t h e s t a r t i n g p o i n t ; 
" t h e r e a r e na c i o s e o ' c a u s a i cha i n s ( Reichenbac h [ 1 9 5 6 ] , 3 6 ) . 
R e i c h e n b a c h o b s e r v e s t h a t t h i s i s an open n e t , w h i c h p r o p e r t y 
a l s o h o l d s i f d i r e c t i o n s a r e r e v e r s e d , t h u s 

t h e o penness o f t h e n e t i s an o r d e r p r o p e r t y , 
n o t a d i r e c t i o n p r o p e r t y . 

( R e i c h e n b a c h [ 1 9 5 6 ] , 36) 

T h i s o p e n n e s s p r o p e r t y i s an e m p i r i c a l f a c t , as t h e r e i s no 
l o g i c a l r e a s o n why i t may n o t be c l o s e d , and he i l l u s t r a t e s t h e 
p a r a d o x e s o f i d e n t i t y t h a t v^jould ensue f r o m moving t h r o u g h a 
c a u s a l c h s i i n and r e t u r n i n g t o t h e o r i g i n a l s t a r t i n g p o i n t . I t 
g e n e r a t e s t h e p a r a d o x e s o f t r a v e l l i n g b a c k w a r d s i n t i m e w i t h t h e 
p r o b l e m s o f s e 1 f - i d e n t i t y ( o f s e l f o r o b j e c t ) t h a t r e s u l t ; 
p e r s i s t e n c e o f i d e n t i t y t h r o u g h t i m e , he c l a s s e s as g&nidentity. 
C - j e n i d e n t i t y i s o n l y p o s s i b l e i n a w o r l d w i t h an open c a u s a l 
n e t w o r k . The c a u s a l n e t t h e r e b y d e f i n e s a t i m e o r d e r f o r t h e 
w o r l d , taut n o t a t i m e d i r e c t i o n . The s t r u c t u r e o f t h e n e t may 
n o t a l w a y s p r o v i d e d e t e r m i n a t e r e l a t i o n s h i p s o f o r d e r between 
some e v e n t s , - f o r e xample e v e n t s A,B,C,D c o n n e c t e d o n l y by 
c a u s a l l i n k s AB,BD,AC,CD p r o v i d e s no r e l a t i o n s h i p o f o r d e r 
between e v e n t s B and C w h i c h a r e t h e r e f o r e i n d e t e r m i n a t e i n 
r e l a i t i v e t i m e o r d e r ; t h e y can be c o n s i d e r e d as s i m u l t a n e o u s . 

R e i c h e n b a c h t h e n c o n s i d e r s i r r e v e r s i b l e p r o c e s s e s . These a r e 
c h a r a c t e r i s e d , w i t h i n a com p l e ? t e l y c l o s e d s y s t e m , by an i n c r e a s e 

145 



i n E n t r o p y , - as c h a r a c t e r i s e d by t h e Second Law o f 
T h e r m o d y n a m i c s . The measure o f e n t r o p y o f a c l o s e d s y s t e m i s a 
measure o f i t s d e g r e e o f e q u a l i s a t i o n . Thus i n a s y s t e m 
e x h i b i t i n g d i s p a r i t i e s i n t h e r m o d y n a m i c a 1 p r o p e r t i e s , t h e r e i s 
an i r r e v e r s i b l e t e n d e n c y t o w a r d s h i g h e r e n t r o p y and 
e q u a l i s a t i o n . Even what we have been r e g a r d i n g as r e v e r s i b l e 
p r o c e s s e s a r e i n f a c t i d e a l i s a t i o n s , i n t h a t p h y s i c a l l y no 
c l o s e d s y s t e m o p e r a t e s w i t h o u t g e n e r a t i n g f r i c t i o n , and hence an 
e n t r o p y i n c r e a s e i n d i s s i p a t e d e n e r g y . F^eichenbach t h e n r e t u r n s 
t o B o l t z m a n n , and h i s d e r i v a t i o n , f r o m p r o b a b i l i t y 
c o n s i d e r a t i o n s , o f t h e Second Law,, T h a t e n t r o p y i n c r e a s e s 
t h r o u g h s t a t i s t i c a l n e c e s s i t y r a t h e r t h a n t h r o u g h a s t r i c t law 
l e a v e s open t h e p o s s i b i l i t y o f t e m p o r a r y e n t r o p y r e d u c t i o n s , 
taut, b e cause when we c o n s i d e r t h e r m o d y n a m i c s y s t e m s t h e a c t i v e 
u n i t s a r e l a r g e numbers o f atoms, t h e o v e r w h e l m i n g p r o b a b i l i t y 
i s t o w a r d s an i n c r e a s e i n e n t r o p y . I n t h i s c o n n e c t i o n 
F^eichenbach makes t h e o b s e r v a t i o n t h a t has been i m p l i c i t i n much 
o f h i s w o r k , w i t h o u t b e i n g e x p r e s s e d so c l e a r l y 

We have no p r o o f t h a t t h e m o t i o n o f atoms i s 
g o v e r n e d by s t r i c t l a w s . P e r h a p s we s h o u l d e x p l a i n 
a l l c a u s a l l a w s o f m a c r o p h y s i c s as t h e product, o f 
t h e law o f l a r g e numbers, w h i c h t r a n s f o r m s t h e 
l i m i t e d p r o b a b i l i t y o f e l e m e n t a r y o c c u r r e n c e s i n t o 
t h e h i g h p r o b a b i l i t y o f p r o c e s s e s i n l a r g e 
a s s e m b l a g e s . 

( R e i c h e n b a c h [ 1 9 5 6 ] , 56) 

T h i s i s t h e v i s i o n t h a t has p r o p e l l e d him s i n c e , as a s c h o o l b o y , 
he f i r s t encounterced B o l t z m a n n ' s w o r k . T h i s i s t h e most c l e a r 
e x p o s i t i o n o f i t , a l t h o u g h i n h i s work "The Aims and Methods o f 
P h y s i c a l Knowledge" p u b l i s h e d i n Handbuch d e r P h y s i k v.4 i n 
1929, he w r o t e -

t h e law o f e n t r o p y ., o r i g i n a l l y a p p e a r e d as a 
p u r e l y c a u s a l law i n t h e r m o d y n a m i c s , y e t .. i t 
r e v e a l e d i t s e l f as a s t a t i s t i c a l law p r e s e n t i n g 
t h e m a c r o s c o p i c f o r m o f many i n t e i ' " a c t i n g e l e m e n t a r y 
p r o c e s s e s . We c a n n o t e x c l u d e t h e p o s s i b i l i t y t h a t 
t h i s w i l l t u r n out. t o be t h e f a t e o f a l l c a u s a l laws5 
r e c e n t , c o n d i t i o n s i n quantum t h e o r y have, i n d e e d , made 
a r e a l i t y o f t h i s c o n j e c t u r e ., , . No a p r i o r i 
p r o n o u n c e m e n t i s p o s s i b l e , o f c o u r s e ? we must a w a i t 
t h e j u d g m e n t o f p h y s i c a l e x p e r i e n c e . 

( R e i c h e n b a c h [ 1 9 7 8 ] , v . 2 , 207) 

The f o r m u l a t i o n o f quantum t h e o r y o f c o u r s e was n o t e f f e c t e d i n 
t e r m s o f a s s e m b l a g e s , and so a l t h o u g h a p r o b a b i l i s t i c e l e m e n t 
was i n t r o d u c e d i n t o t h a t t h e o r y , i t was n o t a g g r e g a t e d i n t o a 
f o r m t h a t , g e n e r a t e d t h e e x p l a n a t i o n o f c a u s a l n e c e s s i t y a t t h e 
a g g r e g a t e l e v e l as Boltr.mann had a c h i e v e d f o r t h e Second Law. 

R e i c h e n b a c h t a k e s us t h r o u g h t h e o u t l i n e o f B o l t z m a n n ' s 
d e r i v a t i o n , d r a w i n g a t t e n t i o n t o t h e b a s i c p r e s u m p t i o n o n l y o f 
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an i n i t i a l p r o b a b i l i t y m e t r i c , t h a t i s o f e q u i p r o b a b i 1 i t y o f a l l 
a r r a n g e m e n t s o f gas m o l e c u l e s . The p r o b l e m t h a t we f a c e i s t h a t 
t h e p r e s u p p o s i t i o n i t s e l f , w h i c h r e q u i r e s t h e e r g o d i c h y p o t h e s i s 
t h a t a l l m i c r o s t a t e s a r e e q u a l l y p r o b a b l e , can o n l y 
s a t i s f a c t o r i l y be d e m o n s t r a t e d ( a s by B i r k h o f f and Von Neumann 
i n 1931 and 1932 r e s p e c t i v e l y ) by t h e a p p l i c a b i l i t y o f t h e laws 
o f c l a s s i c a l m e c h a n i c s t o t h e b e h a v i o u r o f t h e m o l e c u l e s . I n 
o t h e r w o r d s t h e p r o b a b i l i t y h y p o t h e s i s i t s e l f depends on 
a p p l i c a b i l i t y o f a s t r i c t c a u s a l law. We have t h e phenomenon o f 
d e m o n s t r a t i n g t h e n e c e s s i t y o f t h e i r r e v e r s i b l e p r o c e s s on t h e 
b a s i s o f a p p l i c a t i o n o f r e v e r s i b l e m e c h a n i c a l l a w s . R e i c h e n b a c h 
p o i n t s o u t , however, as a p r a c t i c a l man, t h a t i s o l a t e d s y s t e m s 
a r e u n a c h i e v e a b 1 e , and t h e r e f o r e any a p p a r e n t l y c l o s e d s y s t e m i s 
s t i l l s u b j e c t t o m i n u t e e x t e r n a l p e r t u r b a t i o n , w h i c h i n i t s e l f 
w i l l g e n e r a t e e q u i p r o b a b i 1 i t y o f a l l m i c r o s t a t e s . A t t h e l i m i t , 
h o w e ver, t h e U n i v e r s e i s a c o m p r e h e n s i v e l y c l o s e d s y s t e m , and 
t h e r e f o r e s u b j e c t o n l y t o s t r i c t c a u s a i l a w s , u n d i s t u r b e d by 
i m p a c t s f r o m o u t s i d e . I n o t h e r words t h e U n i v e r s e as a w h o l e i s 
g o v e r n e d by d e t e r m i n i s t i c l a w s , w h i c h Reichentaach must now 
i n v e s t i c j a t e . 

R e i c h e n b a c h s t a t e s t h a t D e t e r m i n i s m i s n o t an o b s e r v a t i o n a l 
f a c t , b u t an e x t r a p o l a t i o n f r o m t h e g r e a t p r e d i c t i v e powers o f 
p h y s i c a l l a w s , w h i c h a r e t h e m s e l v e s s u b s t a n t i a t e d f r o m 
o b s e r v a t i o n s . A l t h o u g h we a r e l i m i t e d i n t h e p r e c i s i o n w i t h 
w h i c h we o b s e r v e and measure -

A s e t o f u l t i m a t e c a u s a i c o n n e c t i o n s i s supposed 
t o be h i d d e n b e h i n d o b s e r v a b l e r e l a t i o n s h i p s . 
D e t e r m i n i s m i s t h u s based on an e x t e n s i o n o f o b s e r v e d 
r e g u l a r i t i e s t o u n o b s e r v e d ones; and i t i s assumed 
t h a t t h e f l a w s o f a t t a i n a b l e p r e d i c t i o n s w o u l d v a n i s h 
i f we c o u l d o n l y u n c o v e r t h e u l t i m a t e c a u s a l s t r u c t u r e s . 

( R e i c h e n b a c h [ 1 9 5 6 ] , 82) 

T hus, i n a p r e d i c t i v e s i t u a t i o n , we a t t e m p t t o t a k e a c c o u n t o f 
a l l m a j o r c a u s a l i n f l u e n c e s , and e f f e c t i v e l y s u p p l e m e n t t h i s 
w i t h a p r o b a b i l i t y h y p o t h e s i s t h a t p o t e n t i a l i n f l u e n c e s n o t 
a c c o u n t e d f o r b6?have w i t h i n a c o n s t r a i n e d d i s t r i b u t i o n cjf 
d i v e r g e n c e . We e x p e c t t h a t we c o u l d a c h i e v e h i g h e r p r e d i c t i v e 
a c c u r a c y by t a k i n g a c c o u n t o f even more i n f l u e n c c e s , w i t h t h e 
u l t i m a t e p h y s i c a l , ( a l t h o u g h n o t t e c h n i c a l ) , p o s s i b i l i t y o f 
^ a c c o u n t i n g f o r a l l o f them. D e t e r m i n i s m i m p l i e s t h a t t h i s 
p o s s i b i l i t y o f a b s o l u t e p r e d i c t a b i l i t y i s p o t e n t i a l l y 
ac h i e v e a b 1 e , 

John tlarman i n A P r i m e r on D e t e r m i n i s m a t t e m p t s t o a n a l y s e t h e 
c o n c e p t o f D e t e r m i n i s m w i t h o u t i n v o l v i n g t h e c o n c e p t o f c a u s a l 
d e t e r m i n a t i o n , and i n t r o d u c e s t h e c o n c e p t i n t e r n i s o f a 
h y p o t h e t i c a l o t h e r w o r i d s d e f i n i t i o n ~ 

i f two w o r l d s a g r e e f o r a l l t i m e s on t h e v a l u e s o f 
t h e c o n d i t i o n i n g m a g n i t u d e s and i f t h e y a g r e e a t any 
i n s t a n t on t h e v a l u e s o f t h e o t h e r m a g n i t u d e s , t h e n 
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t h e y a g r e e a t any o t h e r i n s t a n t . 
(Earman [ 1 9 8 6 ] , 14) 

As a t o o l o f a n a l y s i s t h i s d e f i n i t i o n g e n e r a t e s f r u i t f u l 
d i s c u s s i o n , b u t R e i c henbac h' s more d i r e c t a t t a c k on t h e c o r i c e p t 
m a i n t a i n s a d i r e c t r e l e v a n c e t o t r a d i t i o n a l p r e c o n c e p t i o n s . 

F"<Bichentaach n e x t e x a m i n e s how we w o u l d s e t a b o u t o b t a i n i n g 
g r e a t e r a c c u r a c y by r e d u c i n g t h e i n f l u e n c e s n o t a c c o u n t e d f o r . 
He p r o p o s e s t h r e e p r i n c i p l e s w h i c h a r e summarised below -

1. E x t e n d t h e e n v i r o n m e n t t o a c c o u n t f o r p o t e n t i a l 
e x t e r n a l i n f l u e n c e s . 

2. Make more p r e c i s e measurements o f t h e p a r a m e t e r s 
v j i t h i n t h e s y s t e m . 

3. Use i m p r o v e d c a u s a l l a w s . 
( R e i c h e n b a c h [ 1 9 5 6 ] , 83,84) 

He c o n s i d e r s t h e s e f a c t o r s , l o o k i n g f i r s t a t t h e p o t e n t i a l f o r 
a c c o u n t i n g f o r an e x t e n d e d e n v i r o n m e n t . I n p r e - r e l a t i v i s t i c 
t e r m s , u l t i m a t e p r e d i c t a b i l i t y can o n l y be a c h i e v e d by e x t e n d i n g 
t h e domain c o n s i d e r e d t o t h e w h o l e U n i v e r s e , because a n y t h i n g 
l e s s i n c l u d e s t h e p o s s i b i l i t y o f some e x t e r n a l f a c t o r 
unaccount£?d f o r . An i n f i n i t e u n i v e r s e i m p l i e s a p o t e n t i a l l y 
i n f i n i t e number o f p a r a m e t e r s , w h i c h makes i t i m p o s s i b l e t o 
s p e c i f y t h e i n i t i a l c o n d i t i o n s . F o l l o w i n g E i n s t e i n , we now 
a p p r e c i a t e t h a t we o n l y need t o a c c o u n t f o r t h a t p a r t o f t h e 
U n i v e r s e t h a t can i n t e r a c t c a u s a l l y w i t h i n t h e t i m e p e r i o d 
r e q u i r e d o f t h e p r e d i c t i o n . I n p r a c t i c e t h i s a g a i n becomes 
p h y s i c a l l y i m p r a c t i c a l , because g a t h e r i n g t h e i n f o r m a t i o n f r o m 
s u c h a s e c t o r o f t h e U n i v e r s e i s i t s e l f l i m i t e d by t h e speed o f 
l i g h t , and t h e d e l a y r e q u i r e d t o g a t h e r t h i s a l s o i m p l i e s t h a t 
t h e c a u s a l l y r e l a t e d s e c t o r i t s e l f must become b i g g e r , - we a r e 
c h a s i n g o u r t a i l . I f , however, t h e U n i v e r s e i s s p a t i a l l y f i n i t e , 
i t i s t h e o r e t i c a l l y p o s s i b l e t o l o c a t e a maximum e n v i r o n m e n t 
f r o m w h i c h a f i n i t e number o f p a r a m e t e r s w o u l d s p e c i f y an 
i n i t i a l s t a t e , a l t h o u g h t h i s " m i g h t be b i l l i o n s o f y e a r s ago", 
( R e i chentaach [ 1 9 5 6 ] , 8 6 ) . From t h i s i t c o u l d be p o s s i b l e t o 
p r e d i c t any f u t u r e s t a t e i n a d e t e r m i n i s t i c w o r l d . The p r a c t i c a l 
f e a s i b i l i t y o f s u c h a t o t a l measurement i s h i g h l y i m p r o b a b l e , 
and i n any c a s e i t r e l i e s on thte u n i v e r s e b e i n g f i n i t e , so an 
a l t e r n a t i v e musit be e x a m i n e d . 

F;eichenbach t h e r e f o r e a c c e p t s thaxt a g u a r a n t e e o f p e r f e c t 
knowlc^dge o f any c l o s e d s y s t e m i s u n a c h i e v e a b l e , and he 
t h e r e f o r e l o o k s a t s e r i a l methods o f o b t a i n i n g i n f o r m a t i o n . 
H a v i n g i d e n t i f i e d a s m a l l s p a t i a l r e g i o n w h i c h i s t o be t h e 
o b j e c t o f p r e d i c t i o n a l a n a l y s i s , R e i c h e n b a c h e n c l o s e s i t w i t h i n 
a l a r g e r r e g i o n w i t h a f i n i t e b o u n d a r y s u r f a c e . H i s p u r p o s e i n 
d o i n g t h i s i s a m b i g u o u s , and he d o e s n ' t e x p l a i n how t o use i t 
e f f e c t i v e l y i n t h e e n s u i n g a n a l y s i s . F o r t h e p r a c t i c a l 
F<eichenbach, t h i s i s u n u s u a l . T h i s can s e r v e two p u r p o s e s ; - t h e 
o u t e r s u r f a c e can be c o n s i d e r e d as a b o u n d a r y o f e f f e c t i v e 
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c a u s a l i n f l u e n c e s on t h e s m a l l e r s p a t i a l domain b e i n g s t u d i e d , 
or e x t r a n e o u s c a u s a l i n t e r f e r e n c e can be i d e n t i f i e d a t t h i s 
o u t e r b o u n d a r y . The s u b s e q u e n t a n a l y s i s presumes t h e f i r s t o f 
t h e s e , b u t R e i c h e n b a c h does n o t make i t c l e a r p r a c t i c a l l y how 
t h i s c o u l d be e f f e c t e d . 

He t h e n c o n s i d e r s a s e r i e s o f a s s e s s m e n t s o f t h e s m a l l domain 
b e i n g s t u d i e d , each s e r i a l a s s e s s m e n t t a k i n g a more d e t a i l e d 
a c c o u n t o f t h e i n i t i a l c o n d i t i o n s and r e l e v a n t c a u s a l f a c t o r s 
a f f e c t i n g a p a r t i c u l a r p r e d i c t e d measurement. I n a D e t e r m i n i s t i c 
W o r l d t h e r e i s a presumed u l t i m a t e d e s c r i p t i o n w h i c h can a c t as 
a b a s i s f o r c e r t a i n p r e d i c t i o n s , so t h a t t h e s e r i e s o f 
a s s e s s m e n t s can be seen as c o n v e r g i n g t o w a r d s t h i s u l t i m a t e 
d e s c r i p t i o n . I n an I n d e t e r m i n i s t i c W o r l d , on t h e o t h e r hand, we 
have no r e a s o n t o presume t h a t s u c h an u l t i m a t e d e s c r i p t i o n 
e x i s t s . R e i c h e n b a c h a l s o c o n s i d e r s , a s s o c i a t e d w i t h each 
a s s e s s m e n t , a s e r i e s o f e s t i m a t e s o f t h e r e q u i r e d measurement 
f o r s u c c e e d i n g t i m e s . I f we a s s i g n a p r o b a b i l i t y o f p r e d i c t i o n 
t o e a c h o f t h e s e e s t i m a t e s , t h e n t h e p r o b a b i l i t y o f p r e d i c t i o n 
o f t h e v a l u e f o r an e a r l i e r t i m e w i l l be h i g h e r t h a n t h e 
p r o b a b i l i t y f o r £s l a r t e r t i m e . We a^lso e x p e c t t h a t f o r a g i v e n 
t i m e o f measurement t h e p r o b a b i l i t y a s s i g n e d t o a p r e d i c t i o n 
based on a more d e t a i l e d a s s e s s m e n t o f c a u s a l f a c t o r s v j i l l be 
h i g h e r t h a n t h a t f o r a p r e d i c t i o n based on a l e s s d e t a i l e d 
a s s e s s m e n t . Reichentaach t h e r e f o r e p r e s e n t s us w i t h a 
p o t e n t i a l l y i n f i n i t e m a t r i x whose t o p row p r e s e n t s t h e s e r i e s o f 
a s s e s s m e n t s o f i n i t i a l c o n d i t i o n s and c a u s a l f a c t o r s , and whose 
s u c c e e d i n g rows g i v e the? a s s i g n e d p r o b a b i l i t y o f p r e d i c t i o n f o r 
e a c h o f t h e s e a t s u c c e e d i n g t i m e i n t e r v a l s : - t h u s column 
p o s i t i o n , f r o m l e f t t o r i g h t , i n d i c a t e s t h e d e t a i l o f assessment 
o f c a u s a l f a c t o r s ; and row p o s i t i o n , f r o m t o p t o b o t t o m , 
i n d i c a t e s t h e t i m e sequence f o r t h e p r - e d i c t e d v a l u e . The 
p r o b a b i l i t y o f p r e d i c t i o n used i n t h i s m a t r i x can be d e f i n e d as 
t h e p r o b a b i l i t y t h a t t h e p r e d i c t e d v a l u e d i f f e r s f r o m t h e a c t u a l 
v a l u e s u b s e q u e n t l y r e a l i s e d by l e s s t h a n a p r e - d e f i n e d s m a l l 
e r r o r . 

I f we c o n s i d e r any row o f p r o b a b i l i t i e s , r e p r e s e n t i n g t h e 
p r o b a b i l i t y o f p r e d i c t i o n f o r a t i m e on t h e b a s i s o f s u c c e e d i n g 
more d e t a i l e d a s s e s s m e n t s , t h e n we have a s e r i e s w h i c h c o n v e r g e s 
t o w a r d s a p r o b a b i l i t y v a l u e o f one i n a D e t e r m i n i s t i c W o r l d 
p r o v i d e d t h a t t h e t i m e f r o m a s s e s s m e n t t o measurement p r e c l u d e s 
extran£?ous i n f l u e n c e s . I f we i g n o r e t h e c o n c l u s i o n s o f quantum 
m e c h a n i c s and y e t d o n ' t presume d e t e r m i n i s m , R e i c h e n b a c h 
p r o p o s e s t h a t o u r e m p i r i c a l e v i d e n c e s t i l l s u g g e s t s t h a t t h e 
p r o b a b i l i t y s e r i e s measured a l o n g a row w i l l s t i l l c o n v e r g e 
t o w a r d s t h e p r o b a b i l i t y v a l u e one. F o r a p o s s i b l y 
I n d e t e r m i n i s t i c W o r l d , t h e r e f o r e , i n w h i c h we c a n ' t presume a 
c o n v e r g e n c e o f i n i t i a l a s s e s s m e n t s , o u r p h y s i c a l e v i d e n c e 
i n d i c a t e s t h a t we can s t i l l p r e d i c t s u b s e q u e n t measurements w i t h 
a p r o b a b i l i t y c o n v e r g i n g t o one. Each l o w e r row, o f c o u r s e , 
r e p r e s e n t i n g a l o n g e r p e r i o d o f t i m e between assessment and 
measurement, has l o w e r p r o b a b i l i t y v a l u e s i n each column 
compared w i t h t h e row a b ove, b u t i n a D e t e r m i n i s t i c w o r l d t h e s e 
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v a l u e s i n e a c h row w o u l d s t i l l c o n v e r g e t o t h e v a l u e one; and 
tha.s a p p e a r s t o a p p l y i n o u r p h y s i c a l w o r l d where d e t e r m i n i s m 
can n o t tas presumed. I f , on t h e o t h e r hand, we p r o c e e d down any 
c o l u m n , r e p r e s e n t i n c j i n c r e a s i n g t i m e i n t e r v a l between assessment 
and measureme?n t , t h e n t h e p r o b a b i l i t y o f p r e d i c t i o n c o n v e r g e s t o 
a l i m i t "p" , w h i c h i s t h e o b j e c t i v e p r o b a b i l i t y o f t h a t 
measurement o c c u r r i n g i n d e p e n d e n t l y o f s p e c i f y i n g i n i t i a l 
c o n d i t i o n s . An e x a m p l e o f t h i s i s a p r e d i c t i o n t h a t a t l e a s t one 
i n c h o f r - a i n f a l l w i l l o c c u r i n any week i n County Durham. 

I f we t h e r e f o r e l o o k a t F:eichenbach' s m a t r i x , we have v a l u e s o f 
p r o b a b i l i t y measure? i n rows c o n v e r g i n g t o w a r d s t h e v a l u e one, 
and v a l u e s i n c o l u m n s c o n v e r g i n g t o w a r d s "p". I f t h e w o r l d i s 
d e t e r m i n i s t i c , we w o u l d e x p e c t t h a t a l t h o u g h l e f t - h a n d columns 
c o n v e r g e t o w a r d s "p", t h e l o w e r rows w o u l d s t i l l c o n v e r g e 
t o w a r d s one as t h e y p r o g r e s s t o t h e r i g h t , r e p r e s e n t i n g f u l l e r 
i n f o r m a t i o n o f i n i t i a l c o n d i t i o n s and t h e c a u s a l s t r u c t u r e o f 
t h e s i t u a t i o n . The e x i s t e n c e o f s u c h a p r o b a b i l i t y m a t r i x w o u l d 
n o t , h owever, r e p r e s e n t a p r o o f t h a t a l i m i t i n g i n i t i a l 
d e s c r i p t i o n e x i s t s ( i . e . th-at t h e w o r l d i s D e t e r m i n i s t i c ) , s i n c e 
t h i s c o u l d a l s o be c o m p a t i b l e w i t h t h e r e b e i n g no l i m i t i n g 
d e s c r i p t i o n . On t h e o t h e r hand, i f we have a m a t r i x 
d e m o n s t r a t i n g n o n - u n i f o r m c o n v e r g e n c e , v j i t h t h e h i g h e r rows 
c o n v e r g i n g t o w a r d s t h e v a l u e one as we move t o t h e r i g h t , w h i l s t 
e a ch c o l u m n as we m-ove down p r o g r e s s e s t o t h e l i m i t "p"; t h i s i s 
n o t a p r o o f t h a t an u l t i m a t e ? d e s c r i p t i o n d o e s n ' t e x i s t o r t h a t 
t h e w D r i d i s n o t d e t e r - ( n i n i s t i c . 

T h i s d o s s n o t mean t h a t t h e schema r e p r e s e n t s 
evid£?nce a g a i n s t t h e a s s u m p t i o n o f a l i m i t ; i t 
m e r e l y does n o t s u p p o r t t h i s a s s u m p t i o n . I t makes 
t h e a s s u m p t i o n o f a l i m . i t i n g d e s c r i p t i o n a p p e a r 
as an empty a d d i t i o n , w h i c h does n o t m a n i f e s t 
i t s e 1 f i n o b s e r v a b ]. e r e 1 a t i o n s h i p s, 

(Reichentaach [ 1 9 5 6 ] , 93) 

R e i c h e n b a c h i l l u s t r a t e s h i s t h e s i s tay r e t u r n i n g t o t h e B o l t z m a n n 
model o f a geis, and p o i n t i n g o u t t h a t e?ven i f c l a s s i c a l 
m e c h a n i c s i s n o t presumed b u t thaxt a p r o b a t a i l i t y d i s t r i b u t i o n 
i s , t h e n v^e g e t c o n v e r g i n g p r e j d i c t i o n s w i t h o u t t h e p r e s u m p t i o n 
o f d e t e r m i n i s m „ 

. Determinism i s l o g i c a l l y c o m p a t i b l e w i t h c l a s s i c a l 
p h y s i c s ; b u t d e t e r m i n i s m i s by no means p r o v e d by i t , 
n o r made p r o b a b l e by i n d u c t i v e e v i d e n c e . Even f o r 
c l a s s i c a l p h y s i c s , d e t e r m i n i s m i s a r e d u n d a n t a d d i t i o n 
t o t h e s y s t e m o f h y p o t h e s e s w h i c h f o r m u l a i t e t h e b a s i c 
l a w s o f t h e p h y s i c a l w o r l d . 

(Reichentaach [ 1 9 5 6 ] , 95) 

R e i c h e n b a c h had examined D e t e r m i n i s m i n an a r t i c l e he w r o t e f o r 
t h e B a v a r i a n Academy o f S c i e n c e s i n 1925, "The Causal S t r u c t u r e 
o f t h e W o r l d and t h e D i f f e r e n c e between P a s t and F u t u r e " . He had 
em p l o y e d a s i m i l a r a r g u m e n t , based on t h e e m p i r i c a l a b i l i t y t o 
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make i n c r e a s i n g l y i m p r o v e d a s s e s s m e n t s o f a p a r t i c u l a r 
s i t u a t i o n , t o a r r i v e ? a t t h e c o n c l u s i o n -

t h e d e t e r m i n i s t i c h y p o t h e s i s i s c o m p l e t e l y empty 
f a r p h y s i c s ; and w h i l e i t c a n n o t he d i r e c t l y r e f u t e d , 
t h e r e i s a l s o n o t h i n g t o be s a i d i n i t s f a v o u r . 

( R e i c h e n b a c h [ 1 9 7 8 ] , v . 2 , 83) 

R e i c h e n b a c h ' s a r g u m e n t , i n b r i e f , i s t h a t because we can 
d e s c r i b e t h e p h y s i c a l w o r l d i n a manner t h a t a l l o w s us t o make 
p r e d i c t i o n s as a c c u r a t e l y as we r e q u i r s e , t h i s does n o t 
d e m o n s t r a t e t h a t t h e w o r l d i s d e t e r m i n i s t i c . T h i s can s i m i l a r l y 
be e x p r e s s e d by s a y i n g t h a t i n d e t e r m i n i s m o f d e t a i l can s t i l l be 
c o n s i s t e n t w i t h o v e r a l l u n i f o r m , o r p r e d i c t a b l e , b e h a v i o u r . 

I t may be i n s t r u c t i v e t o examine a p h y s i c a l s i t u a t i o n where o u r 
a b i l i t y t o p r e d i c t i s c o n s t r a i n e d , s u c h as t h e t o s s i n g o f a 
c o i n . The p r e s u m p t i o n t h a t R e i c h e n b a c h makes i n h i s m a t r i x o f 
p r o b a t a i 1 i t i € ? 5 i s t h a t more d e t a i l e d i n f o r m a t i o n p r o v i d e s us v«jith 
t h e a b i l i t y t o make b e t t e r p r e d i c t i o n s , and t h a t i n t h e 
c o i n - t o s - s i n g c a s e we s h o u l d t h e r e f o r e be e n a b l e d t o have enough 
i n f o r m a t i o n t o p r o g r e s s f r o m a p r o b a b i l i t y o f one h a l f i n o u r 
p r e d i c t i v e p o t e n t i a l t o a p r o b a b i l i t y o f one. I n o t h e r w o r d s , 
even i n an i n d e t e r m i n i s t i c w o r l d , i f we have a macro s i t u a t i o n 
w i t h two p o s i t i o n s o f s t a b l e e q u i l i b r i u m - heads o r t a i l s - we 
can a l w a y s c o l l e c t enough i n f o r m a t i o n t o e s t a b l i s h v-jhich 
p o s i t i o n w i l l r e s u l t . F o r a R e a l i s t l i k e R e i c h e n b a c h t h i s i s a 
d a n g e r o u s p r e - s u p p o s i t i o n , and i s n o t b o r n e o u t by h i s own 
a n a l y s e s o f p r o b a b i l i s t i c s i t u a t i o n s . P o i n c a r e had i n d i c a t e d , i n 
h i s a n a l y s e s o f t h r e e body d y n a m i c s i n a g r a v i t a t i o n a l f i e l d , 
t h a t c l a s s i c a l methods o f a n a l y s i s o f t h e p r o b l e m were 
i n a d e q u a t e t o p r o v i d e p r e d i c t i v e m o d e l s ; and i n t h e l a s t decade 
s i m p l e r p h y s i c a l s i t u a t i o n s have been shown t o be p r e d i c t i v e l y 
i n t r a c t a b l e . An e x a m p l e , a n a l a g o u s t o t h e t o s s i n g o f a c o i n , i s 
a f rictic»nail l y damped pendulum s w i n g i n g o v e r two a t t r a c t o r s , -
m agnets f o r i n s t a n c e . T h e r e a r e two p o s i t i o n s o f p o t e n t i a l 
s t a b l e e q u i l i b r i u m as t h e pendulum comes t o r e s t , one above each 
a t t r a c t o r . The i n i t i a l c o n d i t i o n s , w i t h t h e pendulum r e l e a s e d 
f r o m r e s t , can be s p e c i f i e d w i t h greaxt a c c u r a c y , and t h e 
m e c h a n i c a l e q u a t i o n s o f s u b s e q u e n t m o t i o n can a g a i n be s p e c i f i e d 
c l o s e l y ; b u t t h e f i n a l p r e d i c t e d p o s i t i o n o f e q u i l i b r i u m can n o t 
a l w a y s be d e t e r m i n e d by any dt?gree o f a c c u r a c y we choose t o 
e m p l o y , - t h e p r o b a b i l i t y r e m a i n s one h a l f . I f we were t o p l o t a 
t w o - d i m e n s i o n a l c h a r t r e p r e s e n t i n g t h e i n i t i a l p o s i t i o n o f t h e 
pendulum bob t h a t , p r o d u c e s a f i n a l p o s i t i o n above one o f t h e 
a t t r a c t o r s , we c o u l d f i n d i n some r e g i o n s a complex p a t t e r n o f 
f r a c t a l g e o m e t r y . I n o t h e r w ords a d j a c e m t i n i t i a l p o s i t i o n s , 
s e p a r a t e d by a d i s t a n c e s m a l l e r t h a n any d i s t a n c e we c a r e t o 
s p e c i f y , w i l l p r o d u c e d i f f e r e n t f i n a l p o s i t i o n s o f e q u i l i b r i u m . 
I n o t h e r w o r d s i n t h e s e r e g i o n s i t i s p h y s i c a l l y i m p o s s i b l e t o 
s p e c i f y i n i t i a i l p a r a m e t e r s a c c u r a t e l y enough t o i n c r e a s e t h e 
p r o b a b i l i t y o f t h e outcome above one h a l f . Thus, a l t h o u g h we 
u n d e r s t a n d t h e c a u s a l l a w s o p e r a t i n g i n t h i s s i t u a t i o n , we a r e 
u n a b l e t o p r e d i c t t h e f i n a l outcome. Common sense seems t o 
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i n d i c a t e t h a t t h i s c a n n o t a p p l y , t h a t L a p l a c e ' s Demon c o u l d 
d e t e r m i n e a r e l a t i o n s h i p between a b s o l u t e i n i t i a l p o s i t i o n and 
f i n a l e q u i l i b r i u m ; b u t t h e n a t u r e o f f r a c t a l g e o m e t r y p r e c l u d e s 
t h i s , g i v e n t h a t s p a c e i s i n f i n i t e l y d i v i s i b l e , - t h a t i t i s 
c o n t i n u o u s and n o t d i s c r e t e . 

We t h e r e f o r e have t h e p o t e n t i a l c o m b i n a t i o n o f a c c u r a t e l y 
s p e c i f i e d c a u s a l r e l a t i o n s h i p s p r o v i d i n g i n d e t e r m i n a c y o f 
o u tcome. Whereas R e i c h e n b a c h w o u l d r e p l a c e t h e c a u s a l c o n n e c t i o n 
b etween s u c c e e d i n g e v e n t s w i t h a p r o b a b i l i s t i c c o n n e c t i o n , 
f r a c t a l a n a l y s i s i n d i c a t e s t h a t we s h o u l d p e r h a p s r e t a i n t h e 
c o n c e p t o f c a u s a l c o n n e c t i o n , b u t o p e r a t i n g on an i n d e t e r m i n a t e 
s i t u a t i o n . 

R e i c h e n b a c h c o n t i n u e s by l o o k i n g a t m i x i n g p r o c e s s e s ; p r o c e s s e s 
w h i c h move f r o m o r d e r e d t o d i s o r d e r e d s t a t e s , s t a t e s o f h i g h e r 
e n t r o p y . He e x a m i n e s what he d e s c r i b e s as " p r o b a b i l i t y 
l a t t i c e s " . G i v e n an a g g r e g a t e , each row o f a p r o b a b i l i t y l a t t i c e 
r e p r e s e n t s an i n d i v i d u a l , and e a c h column r e p r e s e n t s a 
s u c c e e d i n g t e m p o r a l s t a t e , so t h a t t h e p r o b a b i l i t y o f an 
i n d i v i d u a l h a v i n g a s p e c i f i e d v a l u e o r p o s i t i o n a t a p o i n t i n 
i t s h i s t o r y i s l o c a t e d a t t h e c o r r e s p o n d i n g p o i n t . As a 
p r a c t i c a l e x a m p l e , we can l o o k a t t h e m i x i n g o f two gases f r o m 
p a r t s "A" and "B" o f a c o n t a i n e r a f t e r a p a r t i t i o n has been 
removed. The p r o b a b i l i t y f u n c t i o n can be r e g a r d e d as t h e 
p r o b a t a i l i t y o f f i n d i n g a s p e c i f i c m o l e c u l e i n p a r t "A" f o r 
e x a m p l e . F o r a m o l e c u l e o f t h e gas o r i g i n a l l y i n "A", t h e column 
one p r o b a b i l i t y w i l l be one, as w i l l s u c c e e d i n g c olumns u n t i l 
t h e t e m p o r a l i n t e r v a l has been r e a c h e d a t w h i c h t h e m o l e c u l e 
c o u l d have f i r s t e n t e r e d , a t t h e speed o f s o u n d , i n t o p a r t "B" . 
F o r c o l u m n s t o t h e r i g h t o f t h i s t h e v a l u e s i n t h e row 
c o r r e s p o n d i n g t o t h i s m o l e c u l e w i l l p r o g r e s s i v e l y t e n d t o w a r d s 
t h e v a l u e one h a l f , as i t becomes p h y s i c a l l y e q u i p r o b a b l e t h a t 
t h e m o l e c u l e c o u l d foe i n e i t h e r A o r B. Thus a p a r t i c u l a r column 
as a w h o l e r e p r e s e n t s t h e p r o t a a b l e d i s t r i b u t i o n o f a l l 
m o l e c u l e s , w h i l s t a p a r t i c u l a r row r e p r e s e n t s t h e p r o b a b i l i s t i c 
t r a n s i t i o n o f one m o l e c u l e . R e i c h e n b a c h d e s i g n a t e s a row as a 
time ensemble and a c o l u m n as a s p a c e ensemble. He a l s o draws 
a t t e n t i o n t o t h e i n i t i a l c o l u m n s , where i n t h e above example t h e 
p r o b a t a i 1 i t i e s a r e i n t r a n s i t i o n f r o m v a l u e one t o one h a l f , and 
d e s c r i b e s t h i s as t h e aftereffect, We have an example o f t h e 
a g g r e g a t e m o v i n g f r o m i t s i n i t i a l o r d e r e d p o s i t i o n , t h r o u g h t h e 
p e r i o d o f a f t e r e f f e c t o f i n c r e a s i n g e n t r o p y , t o t h e p o s i t i o n o f 
r e l a t i v e s t a b i l i t y and maximum d i s o r d e r . 

R e i c h e n b a c h now u s e s t h i s model o f a m i x i n g p r o c e s s t o c o n s i d e r 
t h e p r o b l e m o f t h e d i r e c t i o n o f t i m e . He has shown e a r l i e r t h a t 
we can o r d e r r e v e r s i b l e p r o c e s s e s i n a c a u s a l n e t , and he now 
v j i s h e s t o e x p l o r e w h e t h e r t h i s n e t can be g i v e n a d i r e c t i o n i n 
r e l a t i o n t o s t a t i s t i c a l p r o c e s s e s . He i s c o n f r o n t e d w i t h t h e 
p a r a d o x t h a t t h e e q u i l i b r i u m p o s i t i o n o f maximum d i s o r d e r i s 
taased on s t a t i s t i c a l p r o t a a b i 1 i t i e s . Thus t h e c o n c l u s i o n o f 
maximum e n t r o p y i s bctsed on t h e p r o b a b i l i t y p r e m i s s t h a t a l l 
s t a t e s f o r e a c h i n d i v i d u a l i n t h e a g g r e g a t e a r e e q u a l l y l i k e l y , 
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and t h e r e f o r ' e a l l p o s s i b l e c o m b i n a t i o n s o f t h e s pace ensemble 
a r e a c h i e v e a t a l e . T h i s must t h e r e f o r e i n c l u d e s t a t e s o f r e l a t i v e 
o r d e r , o r r e l a \ t i v e l y low e n t r o p y . He a l s o o f f e r s t h e p a r a d o x i c a l 
e x a m p l e , as a p p l i e d t o t h e m i x i n g o f m o l e c u l e s i n A and B, o f a 
s i m u l t a n e o u s r e v e r s a l o f a l l m o l e c u l a r v e l o c i t i e s a f t e r m i x i n g , 
so t h a t we r e c o v e r t h e i n i t i a l s t a t e o f t h e two gases s e p a r a t e d 
i n e a ch o f A and B. As t h e p r o b a b i l i t y o f a m o l e c u l e ' s v e l o c i t y 
i s i n d e p e n d e n t o f t h e s i g n ( d i r e c t i o n ) o f t h a t v e l o c i t y , we 
c o u l d c o n c l u d e f r o m t h i s e x a m p l e t h a t " s e p a r a t i o n p r o c e s s e s must 
be e x a c t l y as f r e q u e n t as m i x i n g p r o c e s s e s " , ( R e i c h e n b a c h [ 1 9 5 6 ] , 
1 1 0 ) . F^:eichenbach' s d i r e c t e x a m i n a t i o n o f t h i s paradox i s o n l y 
p a r t i a l , and he c o n t e n d s t h a t we d o n ' t have p e r f e c t l y i s o l a t e d 
syst£?ms, so t h a t random e x t r a n e o u s i n f l u e n c e s w i l l a f f e c t t h e 
m i x i n g o r s e p a r a t i n g p r o c e s s . He c o n t e n d s t h a t a m i n o r 
d i s t u r b a n c e t o a p r o c e s s o f s e p a r a t i o n can have a m a j o r e f f e c t 
on i t , s i n c e t h i s can d e s t r o y t h e i m p l i c i t o r d e r b e i n g 
e s t a b l i s h e d , w h e r e a s a m i n o r d i s t u r b a n c e t o a m i x i n g p r o c e s s 
w o u l d n o t impede t h e t r a n s i t i o n t o g r e a t e r d i s o r d e r . T h i s 
a r g u m e n t , a l t h o u g h p l a u s i b l e t o a p r a c t i c a l man, d o e s n ' t r e a l l y 
a p p l y t o a\n i d e a l i s e d s i t u a t i o n where t h e r e v e r s i b i l i t y p r e m i s s 
has been acceptesd t h a t m i x i n g p r o c e s s e s a r e e q u a l l y as l i k e l y as 
s e p a r a t i n g p r o c e s s e s . G i v e n t h a t p r e m i s s , an e x t r a n e o u s random 
i n f l u e n c e i s as l i k e l y t o push a m i x i n g p r o c e s s i n t o r e v e r s e as 
i t i s a s e p j a r a t i n g p r o c e s s . A more s a t i s f a c t o r y e x a m i i f a t i o n o f 
t h e p a r a d o x .must f o l l o w t h e i n s t i n c t s o f t h e p r a c t i c a l man 
r a t h e r t h a n t h e c o m p u l s i o n s o f t h e l o g i c i a n . We a r e d e a l i n g w i t h 
a g g r e g a t e s , and t h e i m p a c t o f an a g g r e g a t e on i t s e n v i r o n m e n t o r 
on an o b s e r v e r can n o t be an " i n s t a n t s l i c e o f space ensemble", 
taut o f n e c e s s i t y i s a t i m e - w e i g h t e d e f f e c t . A l t h o u g h we can have 
p r o t a a b i 1 i s t i c s t a t e s o f r e l a t i v e o r d e r e x e m p l i f i e d i n a m a t r i x 
l a t t i c e , t h e s e s t a t e s o f o r d e r a r e a c t u a l l y t e m p o r a r y 
t r a n s i t i o n s between s t a t e s o f r e l a t t i v e d i s o r d e r , so t h a t t h e 
o b s e r v e d e f f e c t i s masked by t h e e n v e l o p i n g d i s o r d e r . 
R e i c h e n b a c h does p o i n t o u t a p h y s i c a l case V'^here i n d i c a t i o n s o f 
t e m p o r a r y t r a n s i t i o n s t h r o u g h o r d e r e d s t a t e s a r e o b s e r v a b l e , -
n amely i n B r o w n i a n M o t i o n o f s m a l l p a r t i c l e s i n s u s p e n s i o n -, 
b u t he d o e s n ' t d e v e l o p t h e c a s e as o u t l i n t e d h e r e . 

H a v i n g n o t e d t h i s p a r a d o x , R e i c h e n b a c h b e g i n s t o c o n s i d e r 
f u r t h e r t h e i m p l i c a t i o n s f o r t i m e d i r e c t i o n . G iven any 
p a r t i c u l a r s p a c e ensemble and l e v e l o f e n t r o p y i n e q u i l i b r i u m , 
i t i s more? p r o b a b l e t h a t the? s u c c e e d i n g s t a t e o f t h i s a g g r e g a t e 
w i l l have a h i g h e r e n t r o p y . B u t i t i s a l s o more p r o b a b l e t h a t 
t h e p r e c e d i n g states w i l l a l s o have h i g h e r e n t r o p y . On t h i s b a s i s 
we must c o n c l u d e t h a t i f s t a t e "B" has a h i g h e r e n t r o p y t h a n 
s t a t e "A", t h i s s t i l l d oes n o t t e l l us w h i c h o f t h e two s t a t e s 
i s l a t e r i n t i m e . 

H a v i n g a p p e a r e d t o l e a d h i s r e a d e r a g a i n i n t o an impasse i n t h e 
l o g i c o f m i x i n g p r o c e s s e s , R e i c h e n b a c h l o o k s a t p h y s i c a l 
m a n i f e s t a t i o n s . F o r e x a m p l e , i f two gases have been o b s e r v e d by 
one o b s e r v e r i n c o n t a i n e r s A and B r e l a t i v e l y s e g r e g a t e d , and 
seen by a n o t h e r o b s e r v e r i n a w e l l - m i x e d s t a t e , we w o u l d 



c o n c l u d e t h a t t h e g a s e s had o r i g i n a l l y been p a r t i t i o n e d and t h a t 
t h e s e c o n d o b s e r v e r was l a t e r i n t i m e t h a n t h e f i r s t . I n o t h e r 
w o r d s , we make t h e p r e s u m p t i o n t h a t a l t h o u g h we have now an 
a p p a r e n t l y c l o s e d s y s t e m , i t has been s u b j e c t t o s i g n i f i c a n t 
i n t e r a c t i o n w i t h i t s e n v i r o n m e n t . 

Our e n v i r o n m e n t i s r i c h i n p r o c e s s e s w h i c h , e i t h e r 
as a n a t u r a l p r o d u c t o r t h r o u g h t h e i n t e r v e n t i o n o f 
man, c r e a t e as p a r t o f t h e i r r e s u l t s o r d e r e d s u b s y s t e m s , 
w h i c h from t h e n on r e m a i n i s o l a t e d and run t h r o u g h an 
e v o l u t i o n t o w a r d d i s o r d e r 

( R e i c h e n b a c h [ 1 9 5 6 ] , 117) 

R e i c h e n b a c h t h e r e a f t e r c r e a t e s a n o t h e r l a t t i c e r e p r e s e n t i n g such 
s u b s y s t e m s , w h i c h he s e e s as b r a n c h s y s t e m s , b r a n c h i n g o f f f r o m 
a more g e n e r a l i n t e r a c t i o n i n t o r e l a t i v e l y c l o s e d s y s t e m s . H i s 
l a t t i c e p r o v i d e s a row f o r each s u c h b r a n c h s y s t e m , w i t h columns 
r e p r e s e n t i n g s u c c e s s i v e s t a t e s o f t h e e n t r o p y measure o f each 
b r a n c h . R e i c h e n b a c h ' s a r g u m e n t i s t h a t i n l o o k i n g a t a s i n g l e 
rovvj we a r e u n a b l e t o c o u n t e r t h e r e v e r s i b i l i t y o b j e c t i o n s 
o u t l i n e d a b o v e , b u t i n l o o k i n g a t an ensemble o f b r a n c h e s 
t o g e t h e r w i t h th&? p r e s u m p t i o n t h a t b r a n c h e s s t a r t f r o m p o s i t i o n s 
o f r e l a t i v e l y low e n t r o p y , we can d e t e c t a b a s i c asymmetry i n 
t h e e n s e m b l e as a w h o l e . E f f e c t i v e l y t h i s a r g u ment provide?s a 
p r o b a b i l i s t i c b a s i s f o r t i m e d i r e c t i o n , t h a t i f s e v e r a l rows 
e x h i b i t l e f t t o r i g h t asymmetry t h e n t h i s i s a more c o m p e l l i n g 
reaxson t o e x p l a i n t h i s as a t i m e d i r e c t i o n t h a n an a p p a r e n t 
i n s t a n c e o f t e m p o r a r y asymmetry i n one row. What we a r e i n 
e f f e c t d o i n g i s l o o k i n g at. c o m b i n a t i o n s o f a f t e r e f f e c t s t o g i v e 
g e n e r a l t i m e d i r e c t i o n , R e i c h e n b a c h does n o t l o o k i n d e t a i l a t 
t h e s e q u e n c e t h r o u g h a p e r i o d o f a f t e r e f f e c t , where a s y s t e m i s 
i n i t i a l l y l i b e r a t e d , - as i n w i t h d r a w i n g t h e p a r t i t i o n between A 
and B. I f a s e r i e s o f o b s e r v a t i o n s were made d u r i n g t h i s i n i t i a l 
p e r i o d , we w o u l d c o n c l u d e t h a t i t i s a h i g h l y i m p r o b a b l e s e t o f 
o c c u r r e n c e s i n a c l o s e d s y s t e m u n l e s s i t i s i m m e d i a t e l y 
c o n s e q u e n t t o a b r a n c h i n g o p - s r a t i o n . A p p l i c a t i o n o f B o l t z m a n n ' s 
d i s t r i b u t i o n t o t h e m o l e c u l a r a r r a n g e m e n t s w o u l d i n d i c a t e t h a t 
s u c h a s c - r i e s i s h i g h l y i m p r o b a b l e i n a s t a t e o f e q u i l i b r i u m . By 
e x t e n d i n g t h i s t o R e i c h e n b a c h ' s ensemble o f p a r a l l e l b r a n c h 
s y s t e m s , we m e r e l y s t r e n g t h e ^ n t h e d e g r e e o f i m p r o b a b i l i t y . 

R e i c h e nbaich t h e r e f o r e d e f i n e s -

The d i r e c t i o n i n w h i c h most t h e r m o d y n a m i c a l p r o c e s s e s 
i n i s o l a t e d s y s t e m s o c c u r i s t h e d i r e c t i o n o f 
p o s i t i v e t i m e . 

( R e i c h e n b a c h [ 1 9 5 6 ] , 127) 

R e i c h e n b a c h ' s f u r t h e r c o n c l u s i o n f r o m t h i s i s t h a t i f we l o o k a t 
t h e U n i v e r s e as a w h o l e c l o s e d s y s t e m , t h e n we c a n n o t a l w a y s 
e x p e c t a c o n t i n u o u s i n c r e a s e i n e n t r o p y ; t h e r e v e r s i b i l i t y 
a r g u m e n t a p p l i e s . T h e r e f o r e 

we c a n n o t speak o f a d i r e c t i o n f o r t i m e as a w h o l e ; 
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o n l y c e r t a i n s e c t i o n s o f t i m e have d i r e c t i o n s , and 
t h e s e d i r e c t i o n s a r e n o t t h e same. 

( R e i c h e n b a c h [ 1 9 5 6 ] , 127) 

He c o n t i n u e s , h a v i n g g i v e n c r e d i t t o B o l t s m a n n f o r h i s 
otase-M-vations t h a t t h e r e i s no c a u s a l law w h i c h demands 
c o n t i n u i n g i n c r e a s e s i n t h e e i n t r o p y o f t h e U n i v e r s e , by 
o b s e r v i n g t h a t a r e v e r s a l i n t h e t o t a l e n t r o p y o f t h e U n i v e r s e 
vvould be s e p a r a t e d by s t a t e s o f h i g h d i s o r d e r " i n w h i c h l i v i n g 
o r g a n i s m s c a n n o t e x i s t " , (Resichenbach [ 1 9 5 6 ] , l ' 2 a ) . Thus no 
p r a c t i c a l p r o b l e m s a r e posed by t h i s p o t e n t i a l phenomenon. 

He t h e n e x a m i n e s vihat. i s meant by an a p p a r e n t r e v e r s a l i n t h e 
d i r e c t i o n o f t i m e . E a r l y i n t h i s book he had d e m o n s t r a i t e d tha^t 
t i m e i s g i v e n an o r d e r by r e v e r s i b l e p r o c e s s e s , b u t n o t a 
d i r e c t i o n . I t i s a g a i n s t t h i s o r d e r t h a i t we can meainingf u l l y 
speaik o f t h e d i r e c t i o n p o t e n t i a l l y a l t e r n a t i n g . I t i s p o s s i b l e , 
h o w ever, by s t u d y i n g t h e c a u s a l i n t e r a c t i o n s o f t h a t p a r t o f tl-ie 
U n i v e r s e a c c e s s i b l e t o u s , t o c o n c l u d e t h a t we a r e moving 
t h r o u g h a p e r i o d o f e n t r o p y i n c r e a s e ; t h a t a r e l a t i v e l y h i g h l y 
o r d e r e d U n i v e r s e p r o v i d e s b r a n c h s y s t e m s t h a t d i s p l a y i n c r e a s i n g 
e n t r o p y , 

Time d i r e c t i o n i s e x p r e s s e d f o r us i n t h e d i r e c t i o n s 
o f t h e p r o c e s s e s g i v e n by t h e b r a n c h s y s t e m s w i t h 
w h i c h o u r e n v i r o n m e n t ataundamtly p r o v i d e s u s . 

( R e i c h e n b a c h [ 1 9 5 6 ] , 131) 

F'ceichenbach c o n c l u d e s t h i s airgument w i t h a summary o f t i m e 
d i r e c t i o n as ai f u n c t i o n o f e n t r o p y . 

A s t a t i s t i c a l d e f i n i t i o n o f t i m e d i r e c t i o n p r e s u p p o s e s 
a p l u r a l i t y o f s y s t e m s w h i c h i n t h e i r i n i t i a l phases 
are n o t iscl£;ted, b u t a c q u i r e t h e i r i n i t i a l i m p r o b a i b l e 
s t a t e s t h r o u g h i n t e r a c t i o n w i t h o t h e r s y s t e m s , and 
f r o m t h e n on r e m a i n i s o l a t e d f o r some t i m e . ... The 
d i r e c t i o n o f t i m e i s s u p p l i e d by t h e d i r e c t i o n o f 
e n t r o p y , because t h e l a t t e r d i r e c t i o n i s made m a n i f e s t 
i n t h e s t a t i s t i c a l b e h a t v i o u r o f a l&rq.<s number o f 
s e p a r a t s s y s t e m s , g e n e r a t e d i n d i v i d u a l l y i n t t i e 
q e n e r a i l d r i v e t o more and more p r o b a b l e s t a t e s . 

( R e i c h e n b a c h [ 1 9 5 6 ] , 135) 

I n h i s many r e j f e r e n c e s t o B o l t z m a n n d u r i n g t h e s e a.rguments he 
makes a statem€?nt i n r e l a t i o n t o Quisntum m e c h a n i c s , w h i c h 
p e r h a p s i l l u s t r a t e s a l a c k o f c o n f i d e n c e i n t h e t h e o r y and w h i c h 
i s e v i d e n t i n R e i c h s n b a c h ' s l a c k o f c o n v i n c i n g a n a l y s i s i n h i s 
own t r e a t m e n t o f t h a t s u b j e c t . He w r i t e s , w i t h o u t f u r t h e r 
s u b s t. a n t. i. a t i o n — 

t h e quantum, p h y s i c s o f o u r day i s i n need o f B o l t s m a n n ' s 
i d e a s j u s t as much as t h e p h y s i c s based on Newton's 
m e c h a n i c s , f o r t h e v e r y r e a s o n t h a t t h i s modern 
p h y s i c s , t o o , d i d n o t d i s c o v e r i r r e v e r s i b i l i t y i n 

155 



i t s ele?mentary p r o c e s s e s , 
( R e i c h e n b a c h [ 1 9 5 6 ] , 134) 

He r e t u r n s t o l o o k a t t i m e d i r e c t i o n i n quantum me c h a n i c s l a t e r 
i n t h e book. 

H a v i n g based h i s a n a l y s i s so f a r on c o n s i d e r i n g t h e b e h a v i o u r o f 
syst6?ms o f a g g r e g a t e s , F<eichenbach t u r n s h i s a t t e n t i o n t o macro 
e v e n t s and t h e r e l a t i o n s h i p w i t h c a u s a l i t y . He b e g i n s by l o o k i n g 
a t f a m i l i a r " s h u f f l i n g " p r o c e s s e s , as w i t h p l a y i n g c a r d s o r 
s c a t t e r i n g b i l l i a r d b a l l s . Our c o n c l u s i o n s on f i n d i n g o r d e r i n 
s u c h a s s e m b l a g e s , w o u l d be t h a t an a c t o f i n t e r v e n t i o n had t a k e n 
p l a c e ; t h a t a s t r a ^ i g h t l i n e o f b i l l i a r d b a l l s had been 
d e l i berate? l y p o s i t i o n e d t h u s , and had n o t come a b o u t by c h a n c e . 
I f we f i n d humsm f o o t p r i n t s i n t h e s a n d , we c o n c l u d e t h a t 
someone has r e c e n t l y w a l k e d h e r e ; t h a t t h i s e x p l a n a t i o n f a r 
o u t w e i g h s i n p r o b a b i l i s t i c t e r m s any o t h e r , and i s a consequence 
o f t h e s t a t i s t i c s o f m a c r o - s y s t e m s . We see t h e f o o t p r i n t s as a 
r e c o r d o f an i n t e r a c t i o n on t h e b r a n c h - s y s t e m o f t h e sand. 

t h e f o o t p r i n t s t a k e o v e r t h e f u n c t i o n o f a r e c o r d . 
They a l l o w us t o i n f e r t h a t a t some e a r l i e r t i m e an 
i n t e r a c t i o n t o o k p l a c e , t h a t a p e r s o n ' s s t e p s caused 
t h e o r d e r e d s t a t e o f t h e sand ; because t h i s s t a t e was 
n o t " s h u f f l e d away", i t i s a r e c o r d o f t h e i n t e r a c t i o n . 

( R e i c h e n b a c h [ 1 9 5 6 ] , 151) 

We have t h u s i n t r o d u c e d a c a u s a l e x p l a n a t i o n t o e x p l a i n an 
i n s t a n c e o f i m p r o b a b l e o r d e r . F\'eichenbach t h e r e f o r e l o o k s a t 
a l t 6 ? r n a t i v e ways o f d e s c r i b i n g t h e phenomenon, and p a r t i c u l a r l y 
on t h e p r e m i s s o f t i m e d i r e c t i o n moving i n t h e r e v e r s e way. The 
d e s c r i p t i o n i n r e v e r s e i s o f p r i o r f o o t p r i n t s , f o l l o w e d by 
someone s t e p p i n g i n t o them, a f t e r w h i c h an i m m e d i a t e s h u f f l i n g 
t a k e s p l a c e t o r e s t o r e t h e e q u i l i b r i u m o f t h e sand. We can o n l y 
e x p l a i n s u c h i n s t a n c e s on t h e b a s i s o f p u r p o s e , i n w h i c h t h e 
f u t u r e d e t e r m i n e s how t h e p a s t s h o u l d behave. Such a lan g u a g e 
can be c o n s i s t e n t , b u t i t i s u n n a t u r a l and a p p e a r s t o c o n t r a d i c t 
t h e t i m e d i r e c t i o n o f o u r p s y c h o l o g i c a l e x p e r i e n c e . R e i c h e n b a c h 
warns thE^ C o n v e n t i o n a l i s t a t t h i s p o i n t t h a t i n s e l e c t i n g a 
c o n v e n t i o n f o r use you c a n n o t divorce? y o u r s e l f f r o m t h e 
e m p i. r i c a 1 c o n s e q u e n c e s . 

I t i s an e m p i r i c a l f a c t t h a t i n a l l b r a n c h s y s t e m s 
t h e e n t r o p y increase?s i n t h e same d i r e c t i o n . F or t h i s 
e m p i r i c a l r e a s o n , t h e c o n v e n t i o n o f d e f i n i n g p o s i t i v e 
t i m e t h r o u g h grovsiing e n t r o p y i s i n s e p a r a b l e f r o m 
a c c e p t i n g c a u s a l i t y as t h e g e n e r a l method o f 
explanation„ 

( R e i c h e n b a c h [ 1 9 5 6 ] , 154) 

W i t h t h i s c o n c e p t o f cause as t h e i n t e r a c t i o n t h a t p r o d u c e s t h e 
b r a n c h s y s t e m , w h i c h i s t h e r e a f t e r c o m m i t t e d t o t h e p r o b a b i l i t y 
o f e n t r o p y i n c r e a s e , R e i c h e n b a c h i n d i c a t e s t h a t t h e r e b y " t h e 
p a s t p r o d u c e s t h e f u t u r e " , ( R e i c h e n b a c h [ 1 9 5 6 ] , 1 5 5 ) . We can 
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t.hus d e m a r c a t e t h e p r e s e j n t -

The p r e s e n t i s i n t e r m e d i a r y between p a s t and f u t u r e ; 
i t c o n t a i n s t h e a c t i v e a g e n t t h a t p r o d u c e s t h e f u t u r e , 
and i t c o n t a i n s t h e r e c o r d s o f t h e p a s t , w h i c h i s 
c o m p l e t e d and i r r 6 ? t r i e v e a b l e . 

( R e i c h e n b a c h [ 1 9 5 6 ] , 155) 

H a v i n g p r o v i d e d t h i s c l e a r e l u c i d a t i o n o f t h e r e l a t i o n s h i p 
b etween c a u s a t i o n and t e m p o r a l o r d e r , R e i c h e n b a c h p r o v i d e s a 
b r i e f summary o f c a u s a l s t r u c t u r e and t i m e . 

an o r d e r o f t i m e can be d e f i n e d ( w i t h o u t r e f e r e n c e t o 
a d i r e c t i o n ) by me?ans o f c a u s a l c h a i n s , and t h a t , 
f u r t h e r m o r e , t h e c a u s a l n e t i s o r d e r e d as a w h o l e . I t 
f o l l o w s t h a t i f we a s s i g n t h e p o s i t i v e d i r e c t i o n o f 
t i m e t o one c a u s a l c h a i n , s u c h a d i r e c t i o n i s a s s i g n e d 

1 c a u s a l c h a i n s . By t h i s r e l a t i o n s h i p , t h e d i r e c t i o n t o 
o f t i m e i s d e t e r m i n e d f o r any two e v e n t s t h a t a r e 
c o n n e c t e d by a c a u s a l c h a i n , even i f t h e p r o c e s s i s 
r e v e r s i b l e , 

( R e i c h e n b a c h [ 1 9 5 6 ] , 156) 

R e i c h e n b a c h d i v e r t s t e m p o r a r i l y t o c o n s i d e r t h e r e l a t i o n s h i p s 
b etween t h e c o n c e p t o f information and e n t r o p y , a l t h o u g h t h i s 
i s i r r e l e v a n t t o t h e d e v e l o p m e n t o f h i s o v 6 ? r a l l a r g u m e n t . T h i s 
i s R e i c h e n b a c h t h e e n g i n e e r a t w o r k , f a s c i n a t e d by t h e 
a p p l i c a t i o n o f m a t h e m a t i c s t o modern i n f o r m a t i o n t e c h n o l o g y . 
S u b s e q u e n t t o t h i s he r e - e x a m i n e s t h e c o n c e p t o f o r d e r i n a 
c a u s a l n e t , g i v e n t h a t k n o w l e d g e o f c a u s a l laws i s n o t a b s o l u t e 
b u t based on p r o b a b i l i s t i c a s s e s s m e n t s . He d e m o n s t r a t e s t h a t an 
o r d e r e d n e t can be c o n s t r u c t e d f r o m p r o b a b i l i s t i c r a t h e r t h a n 
c a u s a l i m p l i c a t i o n s . He s u b s e q u e n t l y d e s c r i b e s a " m a r k i n g " 
p r o c e s s as an i r r e v e r s i b l e e3vent t h a t e s t a b l i s h e s c a u s a l 
o r d e r i n g , and hence a means t o w a r d s a c a u s a l n e t . A mark i s 
e f f e c t i v £ 5 l y a t r a c e r t h a t se?parates the? t i m e sequence o f a 
s u b s y s t e m , as f o r i n s t a n c e a c h a l k - m a r k on an o b j e c t . He d e f i n e s 
t h a t -

I f a mark i n an e v e n t A ( i ) shows i n an e v e n t A ( k ) , 
t h e n A ( i ) i s causa.?. .2y relevant t o A ( k ) . 

(F-<eic hen bach [ 1 9 5 6 ] , 200) 

T h i s d e v e l o p m e n t does n o t add t o h i s p r e v i o u s a r g u m e n t , b u t 
servers t o i n t r o d u c e t h e c o n c e p t o f g e n i d e n t i t y t h a t he employs 
i n h i s s u b s e q u e n t a n a l y s i s o f t i m e d i r e c t i o n i n t h e quantum 
w o r I d . 

The f i n a x l s e c t i o n i n DT i i 
R e i c h e n b a c h ' s p u r p o s e i i 

c o n c e r n e d w i t h t h e 
t o e x t e n d h i s 

t i m e - d i r f s c t i o n t h r o u g h i n c l u s i o n o f quantum 

quantum w o r l d . 
a n a l y s i s o f 

phenomena. He 
c l a r i f i e s i n i t i a l l y t h a t a l t h o u g h S c h r i i d i n g e r ' s e q u a t i o n t a k e s a 
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d i f f e r e n t f o r m f r o m t h a t o f c l a s s i c a l m e c h a n i c s , i t s t i l l 
r e p r e s e n t s a r e v e r s i b l e r e l a t i o n s h i p , and t h e r e f o r e i n i t s e l f 
d oes n o t add a f u n d a m e n t a l i n s i g h t i n t o t i m e d i r e c t i o n . T h a t t h e 
s o l u t i o n s o f t h e e q u a t i o n t o p r o v i d e o b s e r v a b l e measurement a r e 
p r o b a b i l i t y i m p l i c a t i o n s , however, does i n v o l v e us w i t h c a u s a l 
i n d e t e r m i n i s m . Thus t h e p r o b a b i l i t y l a t t i c e t h a t w o u l d be 
c o n s t r u c t e d r o u n d a quantum s y s t e m w o u l d s p e c i f y a l i m i t i n g 
d e s c r i p t i o n o f t h e i n i t i a l c o n d i t i o n s , , b u t t h e p r o b a b i l i t i e s 
a s s o c i a t e d w i t h p r e d i c t i o n s based on i n c r e a s i n g knowledge o f 
t h i s d e s c r i p t i o n w o u l d n o t c o n v e r g e t o a l i m i t o f one^ b u t t o 
some p r o b a b i l i t y d e p e n d e n t on t h e e x p e r i m e n t a l a r r a n g e m e n t u n d e r 
t h e p r i n c i p l e o f i n d e t e r m i n a c y . He c o n t i n u e s as i n PFQN t o 
a n a l y s e t h e H e i s e n b e r g P r i n c i p l e o f I n d e t e r m i n a c y as an 
o b j e c t i v e p r o p e r t y o f t h e w o r l d i n h e r e n t i n t h e quantum 
f o r m u l a t i o n , r a t h e r t h a n as b e i n g dependent, on o b s e r v a t i o n a l 
disturbance?,, He a g a i n j u s t i f i e s t h e f o r m u l a t i o n o f t h e t h e o r y on 
t h e s t r e n g t h o f i t s p r e d i c t i v e power, and f u r t h e r c o n c l u d e s that 
i n i t s e x i s t i n g f o r m i t removes c a u s a l anomaly f r o m t h e 
o b s e r v a b l e w o r l d and c o n t a i n s i t w i t h i n t h e w o r l d o f 
i n t e r phenomena, 

He p r o c e e d s t o i n v e s t i g a t e t h e g e n i d e n t i t y o f quantum o b j e c t s . 
He b e g i n s by c o n t r a s t i n g two modes o f s p e e c h , - s p e a k i n g o f 
t h i n g s , o r s p e a k i n g o f e v e n t s . The two modes a r e t r a n s l a t e a b l e 
i n t o teach o t h e r , and t h i s r e l a t i o n s h i p i s i m p o r t a n t because we 
d e f i n e a " t h i n g " i n r e l a t i o n t o e v e n t s s u c c e e d i n g each o t h e r i n 
t i m e . Thus R e i c h e n b a c h a s s e r t s t h a t "A t h i n g i s a s e r i e s o f 
e v e n t s s u c c e e d i n g one a n o t h e r i n t i m e " , ( R e i c h e n b a c h [ 1 9 5 6 ] , 
2 2 4 ) . He c o n t i n u e s by q u a l i f y i n g a d e f i n i t i o n o f m a c r o s c o p i c 
m a t e r i a l g e n i d e n t i t y u n d e r t h r e e c o n d i t i o n s , w h i c h we can 
s u m marise as belov-i -

1 . G e n i d e n t i t y r e q u i r e s c o n t i n u i t y o f change? f o r example 
a c o n t i n u o u s t r a n s i t i o n between s p a t i a l l o c a t i o n s . 

2, S p a t i a l e x c l u s i o n ; two o b j e c t s c a n n o t occupy t h e same 
s p a c e . 

3„ D i s t i n g u i s h a b i 1 i t y o f i d e n t i t y d u r i n g changed l o c a t i o n . 

He p o i n t s o u t t h a t a l t h o u g h t h e s e c o n d i t i o n s a r e n e c e s s a r y t o 
t h e c o n c e p t o f g e n i d e n t i t y , o t h e r f a c t o r s may a l s o be r e q u i r e d 
when d e a l i n g w i t h , f o r e x a m p l e , an a s s e m b l y l i k e a w a l l . He t h e n 
i l l u s t r a t e s what he d e s c r i b e s as f u n c t i o n a l g e n i d e n t i t y , where 
t h e l a s t two c o n d i t i o n s may be v i o l a t e d , a s , s a y , i n t h e 
i d e n t i t y we a s s i g n t o waves, o r t o a t r a n s f e r a b l e package o f 
k i n e t i c e n e r g y . When we g e t i n v o l v e d i n c o n c e p t s l i k e a r i v e r o r 
a f l a m e we have p r o b l e m s i n r e s c u i n g o u r c o n c e p t o f g e n i d e n t i t y , 
and Re? i c hen bach p o i n t s o u t t h a t i n t r o d u c t i o n o f t h e c o n c e p t o f 
ataiTiB r e s t o r e d o u r a b i l i t y t o t r a c e c o n c e p t s o f u n c h a n g i n g 
i d e n t i t y t h r o u g h s u c h a p p a r e n t l y e p h e m e r a l o c c u r r e n c e s 

atoms a r e t h o s e l a s t u n i t s w h i c h i n t h e i r i m m u t a b l e 
samesness draw l i n e s o f m a t e r i a l g e n i d e n t i t y t h r o u g h 
t he p hys i c a 1 wo r i d . 

( R e i c h e n b a c h [ 1 9 5 6 ] , 227) 
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Thus t h e e x a m p l e o f t h e tv^o gases m i n i n g i n a c o n t a i n e r appiears 
t o r e q u i r e t h a t t w o s u b s t a n c e s o c c u p y t h e same s p a c e , u n t i l t h e 
c o n c e p t u a l i s a t i o n i n t e r m s o f d i s c r e t e atoms i s r e a l i s e d . The 
p r o b l e m a r i s e s i n t h e m i c r o s c o p i c domain when we a t t e m p t t o p u t 
an o b s e r v a t i o n a l meaning on t h e c o n c e p t o f i d e n t i t y o f 
f u n d a m e n t a l p a r t i c l e s . We c a n n o t t e s t f o r c o n t i n u i t y o f m o t i o n 
i n a domain where t h e p r i n c i p l e o f i n d e t e r m i n a c y a p p l i e s , o r 
a t t e m p t t o t r a c e i d e n t i t y by m a r k i n g . Our o n l y r e s o u r c e i s 
t h r o u g h s t a t i s t i c a l measure, whereby t h e p r i n c i p l e o f 
g e n i d e n t i t y l e a d s t o c e r t a i n o b s e r v a b l e c h a r a c t e r i s t i c s , 
R eichentaach t h e r e f o r e l o o k s a t t h e a p p l i c a t i o n o f 
M a x w e l 1 - B o l t z m a n n s t a t i s t i c s , w h e r e, g i v e n "n" p a r t i c l e s and "m" 
s t a t e s o r c o m p a r t m e n t s , we have "m" t o t h e power "n" p o s s i b l e 
a r r a n g e m e n t s . T h i s i s s u b s t a n t i a t e d a t t h e m o l e c u l a r l e v e l 
t h r o u g h E-sol t::mann ' s a n a l y s i s o f gases and t h e c o n s e q u e n t 
d e r i v a t i o n o f m e a s u r a b l e p r o p e r t i e s l i k e e n t r o p y . When t h e s e 
s t a t i s t i c s a r e a p p l i e d t o quantum e n t i t i e s , t h e y no l o n g e r 
p r o v i d e v e r i f i a b l e r e s u l t s . I n t h e quantum domain, i t i s 
n e c e s s a r y t o c a t e g o r i s e t h e space by quantum e n e r g y s t a t e s . I t 
i s i l l u s t r a t i v e t o l o o k a t a t r i v i a l s t a t i s t i c a l example t o 
d i f f e r e n t i a t e t h e d i f f e r e n t s t a t i s t i c a l p r o p e r t i e s o f t h e 
quantum d o m a i n . D i v i d e t h e space i n t o t h r e e s t a t e s t o be 
o c c u p i e d by two p a r t i c l e s . Under Ma>;wel l ~ B a l tzmann s t a t i s t i c s we 
have n i n e p o s s i b l e a r r a n g e m e n t s , u n d e r t h e p r e m i s s o f m a t e r i a l 
g e n i d e n t i t y and hence t h e i n d i v i d u a t i o n o f p a r t i c l e s . I n quantum 
m e c h a n i c s , however, we a r r i v e a t a d i f f e r e n t t o t a l number o f 
a r r a n g e m e n t s . F o r some p r o c e s s e s we w o u l d have o n l y s i x p o s s i b l e 
a r r a n g e m e n t s , and f o r o t h e r p r o c e s s e s o n l y t h r e e . These can be 
shown t o d e v e l o p f r o m d i f f e r e n t s t a t i s t i c a l t r e a t m e n t s o f t h e 
p a r t i c l e s . 

Fo r t h e c a s e o f s i x a r r a n g e m e n t s we have c o r r e s p o n d e n c e w i t h 
B o s e - E i n s t e i n s t a t i s t i c s w h i c h d i s r e g a r d t h e i d e n t i t y o f 
i n d i v i d u a l p a r t i c l e s ? w h ere f o r e x a m p l e u n d e r t h e c l a s s i c a l 
s t a t i s t i c s we w o u l d d i f f e r e n t i a t e between t h e a r r a n g e m e n t o f 
p a r t i c l e "A" i n s t a t e 1 w i t h "B" i n s t a t e 2, f r o m t h e 
a r r a n g e m e n t o f p a r t i c l e "B" i n s t a t e i w i t h "A" i n s t a t e 2, 
B o s e - E i n s t e i n s t a t i s t i c s makes no s u c h d i f f e r e n t i a t i o n . Thus a l l 
p a r t i c l e s a r e i n d i s t i n g u i s h a b l e . As an a n a l o g y R e i c h e n b a c h 
s u g g e s t s t o s s i n g t w o c o i n s s i m u l t a n e o u s l y , whereupon we e x p e c t 
one i n f o u r o u t c o m e s t o g i v e two heads, t h e same f r e q u e n c y f o r 
two t a i l s , and two i n f o u r outcomes t o g i v e a head and t a i l 
t o g e t h e r . I f B o s e - E i n s t e i n s t a t i s t i c s were t o a p p l y t o t h i s 
s i t u a t i o n we w o u l d i n f a c t g e t one i n t h r e e o c c u r r e n c e s f o r each 
o f t h e o u t c o m e s , two heads o r two t a i l s o r a head and a t a i l 
t o g e t h e r . We know t h a t t h e c o i n s a r e d i s t i n g u i s h a b l e , so t h a t we 
vgould i n t e r p r e t t h e e f f e c t o f a B o s e - E i n s t e i n outcome as due t o 
a c a u s a l c o n n e c t i o n between t h e c o i n s , ~ a m y s t e r i o u s a c t i o n a t 
a d i s t a n c e . Thus an a s s i g n m e n t o f p h y s i c a l i d e n t i t y t o a 
B o s e - E i n s t e i n outcome must l e a d t o a p p a r e n t c a u s a l anomaly. 

R e f e r r i n g back t o t h e p r e v i o u s e x a m p l e , t h e r e a r e p r o c e s s e s 
w h i c h w o u l d be c o n s i s t e n t w i t h p r o v i d i n g o n l y t h r e e p o s s i b l e 
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a r r a n g e m e n t s o f two p a r t i c l e s between t h r e e s t a t e s . T h i s would 
c o n f o r m t o F e r m i - D i r a c s t a t i s t i c s w h i c h w o u l d r e q u i r e a maximum 
o f one p a r t i c l e i n any s t a t e . These s t a t i s t i c s do n o t g e n e r a t e a 
d i r e c t c o u n t e r d i c t i o n o f g e n i d e n t i t y , b u t t h i s c o n c e p t l e a d s t o 
a c a u s a l anomaly o f m u t u a l e x c l u s i o n o f p a r t i c l e s a t a d i s t a n c e . 
Thus t h e quantum f o r m u l a t i o n p r e c l u d e s t h e c o n c e p t o f 
g e n i d e n t i t y u n l e s s c a u s a l anomaly i s t o be a c c e p t e d . O n l y a f o r m 
o f f u n c t i o n a l i d e n t i t y can be a c c e p t e d i n t h e quantum domain. 

R e i c h e n b a c h s u b s e q u e n t l y s e t s o u t t o c o n s t r u c t an e n t r o p y 
c o n c e p t f o r quantum s y s t e m s , c h a r a c t e r i s i n g t h e s y s t e m by s t a t e s 
r a t h e r , as i n h i s g a s - m o l e c u l a r a n a l y s i s , t h a n by p a r t i c l e s . He 
t h e r e b y b u i l d s a l a t t i c e o f t h e t i m e - d e p e n d e n t d e v e l o p m e n t o f 
p a r a l l e l s t a t e s . The c o n c l u s i o n s f o r t h e two d i f f e r e n t 
s t a t i s t i c a l s y s t e m s i n t r o d u c e d w i t h quantum me c h a n i c s d i f f e r 
s i g n i f i c a n t l y f r o m t h o s e e m p l o y i n g c l a s s i c a l s t a t i s t i c s when 
Bt£\te o c c u p a n c y i s d e n s e , but. a r e s i m i l a r a t r e l a t i v e l y low 
d e n s i t i e s . T h i s i s c o n s i s t e n t w i t h e m p i r i c a l o b s e r v a t i o n , where 
t h e g r e a t e s t d i s c r e p a n c y f r o m t h e B o l t s m a n n p r e d i c t i o n s o c c u r i n 
g a s e s a t low t e m p e r a t u r e vMith a l i m i t e d number o f o c c u p a t i o n 
s t a t e s and a c o r r e s p o n d i n g l y h i g h d e n s i t y o f o c c u p a n c y . 

R e i c h e n b a c h ' s c l a i m i s t h a t i f we a t t e m p t t o d i s t i n g u i s h t h e 
i d e n t i t i e s o f quantum p a r t i c l e s , we a r e i n v o l v e d i n c a u s a l 
anomaly o f a n o n - l o c a l n a t u r e . He t h e r e f o r e s e t s o u t , as i n 
PFQM, t o e s t a b l i s h a d e s c r i p t i v e l a n g u a g e f o r i n t e r p h e n o m e n a 
t h a t p r e s e r v e s g e n i d e n t i t y w h i l s t c h a n g i n g t h e c a u s a l anomaly t o 
a more manageable n a t u r e t h a n t h a t i n c u r r i n g n o n - l o c a l i t y . H i s 
c o n c e p t u a l h y p o t h e s i s f o r t h e i n t e r p h e n o m e n a w i t h g e n i d e n t i t y i s 
t h a t t h e y can p e r s i s t i n e i t h e r an " a c t i v e " s t a t e o r a " f r o z e n " 
s t a t e i n w h i c h t h e y a r e u n a b l e t o i n t e r a c t . On t h i s b a s i s he i s 
a b l e t o c o n s t r u c t an i n t e r p h e n o m e n a l model t h a t does n o t i n c l u d e 
n o n - l o c a l c a u s a l c o n n e c t i o n . He i s a b l e t o j u s t i f y t h i s f o r m o f 
C o n v e n t i o n a l i s m when d e a l i n g i n t h e i n t e r p h e n o m e n a l w o r l d , and 
i s c a r e f u l t o a v o i d a c c u s a t i o n o f s u g g e s t i n g a p h y s i c a l 
h y p o t h e s i s . 

t h i s i n t e r p r e t a t i o n does n o t c o n s t i t u t e a p h y s i c a l 
h y p o t h e s i s ... [ i t ] r e p r e s e n t s m e r e l y a mode o f 
s p e e c h . The a s s u m p t i o n s on w h i c h i t i s based ... a r e 
a l l t r u e by d e f i n i t i o n . They r e p r e s e n t c o n v e n t i o n s 
on w h i c h t h i s i n t e r p r e t a t i o n i s based; t h e s e c o n v e n t i o n s 
a r e a d m i s s i b l e , because t h e y a r e c o m p a t i b l e v-ji t h t h e 
o b s e r v e d sta\tistics„ The i n t e r p r e t a t i o n shows t h a t 
when we w i s h t o i n t r o d u c e ? m a t e r i a l g e n i d e n t i t y i n t o 
gas s t a t i s t i c s , t h e r e s u l t i n g c a u s a l a n o m a l i e s a r e 
s t i l l s u b j e c t t o o u r c h o i c e . 

( R e i c h e n b a c h [ 1 9 5 6 ] , 262) 

Bas Van F r a a s s e n , v - j r i t i n g i n Quantum M e c h a n i c s ; An E m p i r i c i s t 
V i e w , and commenting on F<eichenbach' s a n a l y s i s o f t i m e as 
a p p l i e d t o quantum phenomena, i s c l e a r t h a t t h e c o n c e p t o f 
i d e n t i t y o f quantum p a r t i c l e s can n o t be s u s t a i n e d -
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i d e n t i t y t h r o u g h t i m e - h i s t o r y o r , i n F^eichenbach's 
t e r m i n o l o g y , " g e n i d e n t i t y " - losers a t l e a s t i t s 
e m p i r i c a l s i g n i f i c a n c e i n quantum m e c h a n i c s . 

(Van F r a a s s e n [ 1 9 9 1 ] , 430) 

He t|-ien c:onc 1 udes 

i n d i v i d u a t i o n ... i s by c h a r a c t e r i s t i c s n o t 
d e s c r i b a t a l e i n q u a n t u m - m e c h a n i c a l t e r m s , as w e l l as 
b e i n g e m p i r i c a l l y s u p e r f l u o u s 

(Van F r a a s s e n {11991], 432,433) 

Whereas R e i c h e n b a c h w i s h e s t o p u r s u e a n o m a l i e s and t o i d e n t i f y 
s t l t e r n a t i v e approachcss t o some o v e r a l l accommodation. Van 
F r a a s s e n , a s h o n e s t e m p i r i c i s t , p r o v i d e s a c l e a r e x p o s u r e t h a t 
can be r e f l e c t e d back t o t h e p h y s i c i s t s , and l e a v e s t h e m a t t e r 
there„ 

I n h i s a n a l y s i s o f t h e quantum w o r l d R e i c h e n b a c h has s t r a y e d 
f r o m h i s t h e s i s on t h e d i r e c t i o n o f t i m e as i f t o p a r t l y make 
aimends f o r t h e b r e v i t y o f h i s quantum a n a l y s i s i n PFQM. I n t h e 
f i n a l s e c t i o n o f t h e book, however, he p i c k s up the 
i n t e r p r e t a t i o n o f some quantum phenomena by S t u c k e l b e r g and 
Feynman, whose i n t e r p r e t a t i o n r e q u i r e s p a r t i c l e s t o move 
b a c k w a r d s i n t i m e . A p a r t i c u l a r sequence t o w h i c h t h i s 
d e s c r i p t i o n i s g i v e n w o u l d be c l a s s i c a l l y d e s c r i b e d i n t h e 
f o l l o w i n g way, - a gatmma r a y s p o n t a n e o u s l y g e n e r a t e s an e l e c t r o n 
and a p o s i t r o n , s u b s e q u e n t t o w h i c h t h e p o s i t r o n q u i c k l y 
c o l l i d e s w i t h a s e c o n d e l e c t r o n f o r b o t h t o v a n i s h l e a v i n g o n l y 
a gamma ray. Such a s e r i e s has been o b s e r v e d on p h o t o g r a p h s f r o m 
a W i l s o n c l o u d chamber. The Feynman d e s c r i p t i o n w o u l d s t a r t w i t h 
t h e s e c o n d e l e c t r o n , w h i c h d i s a p p e a r s t o r e l e a s e a gamma r a y and 
a p o s i t r o n , w h i c h t h e n t r a v e l s b a c k w a r d s i n t i m e b e f o r e 
c o l l i d i n g w i t h a gamma r a y t o d i s a p p e a r and r e l e a s e an e l e c t r o n , 
w h i c h t h e n p r o c e e d s i n p o s i t i v e t i m e . Thus t h e c a u s a l a n o m a l i e s 
o f c r e a t i o n f r o m n o t h i n g and v a n i s h i n g i n t o n o t h i n g a r e 
e l i m i n a t e d , b u t t h e anomaly o f r e v e r s e t i m e d i r e c t i o n i s 
i.n t r o d u c e d . R 6 ? i c h e n b a c h " s o b s e r v a t i o n i s t h a t — 

As a l w a y s i n quantum m e c h a n i c s , an e x h a u s t i v e 
d e s c r i p t i o n o f i n t e r p h e n o m e n a i s a s s o c i a t e d i * ) i t h 
c a u s a l a n o m a l i e s ? we have m e r e l y t h e c h o i c e where 
t o p l a c e them. 

( R e i c h e n b a c h [ 1 9 5 6 ] , 266) 

R e i c h e n b a c h a l s o o b s e r v e s t h a t i n t h e F~eynman ex a m p l e , i t i s n o t 
o n l y t i m e d i r e c t i o n w h i c h i s r e v e r s e d , taut t i m e o r d e r i t s e l f i s 
abandoned i n t e r m s o f t h e r e l a t i o n s o f "taetweenness" o f e v e n t s . 
P r e v i o u s a n a l y s i s ha\s r e l a t e d macrocosmic t i m e d i r e c t i o n and 
c a u s a l i n t e r v e n t i o n t o s t a t i s t i c a l c o n c e p t s , and i n a sense 
t h e s e i n t e r p h e n o m e n a 1 e v e n t s pose no d i r e c t t h r e a t t o t h i s 
a n a l y s i s , b u t t h e y c h a l l e n g e t h e f u n d a m e n t a l c o n c e p t s o f t i m e 
o r d e r and g e n i d e n t i t y . R e i c h e n b a c h o f f e r s no answer t o t h e s e 
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c h a l l e n g e s , b u t recommends t h a t -

A l o g i c a l a n a l y s i s o f t h e s e p r o b l e m s i s h i g h l y d e s i r a b l e . 

H i s f i n a l c o n c l u s i o n i s t h e r e f o r e -

Time a p p e a r s t o be a c o m p l e t e l y macrocosmic phenomenon, 
w h i c h c a n n o t be t r a c e d i n t o t h e m i c r o c o s m ; i t i s 
b o r n anew a t e v e r y moment f r o m t h e a t o m i c chaos 
as a s t a t i s t i c a l r e l a t i o n s h i p . S t r a n g e l y enough, t h i s 
o r i g i n f r o m d i s o r d e r does n o t make macrocosmic t i m e 
i n f e r ' i o r " . On t h e c o n t r a r y , i t w i l l be seen t h a t t h e 
b i r t h f r o m an a t o m i c chaos endows t h e s t a t i s t i c a l 
cosmios w i t h a t i m e o f e x a c t l y t h o s e p r o p e r t i e s w h i c h 
commonsense and e v e r y d a y e x p e r i e n c e have a l w a y s 
r e g a r d e d as i n t r i n s i c c h a r a c t e r i s t i c s o f t e m p o r a l 
f l o w . 

( R e i c h e n b a c h [ 1 9 5 6 ] , 269) 

R e i c h e n b a c h had i n t e n d e d t o w r i t e a f i n a l c h a p t e r t o t h i s book 
on t h e r e l a t i o n s h i p between t h e s u b j e c t i v e e x p e r i e n c e o f t i m e 
w i t h i t s o b j e c t i v e p r o p e r t i e s . H i s d e a t h i n t e r v e n e d . 

The D i r e c t i o n o f Time d i s p l a y s t h e p r a g m a t i c R e i c h e n b a c h i n h i s 
most c o n s c i e n t i o u s ^ ^ n a i y s i s o f c a u s a l o r d e r . A l t h o u g h some o f 
h i s a r g u m e n t s i n v i t e c r i t i c i s m , t h e t h o r o u g h n e s s w i t h w h i c h he 
a n a l y s e s t h e c o n c e p t o f d e t e r m i n i s m and t h e r e l a t i o n s h i p between 
e n t r o p y i n i s o l a t e d s y s t e m s f o l l o w i n g c a u s a l i n t e r a c t i o n , adds 
s i g n i f i c a n t l y t o o u r u n d e r s t a n d i n g o f t e m p o r a l o r d e r i n t h e 
o b j e c t i v e w o r l d . The a n a l y s i s i s e m p i r i c a l , and makes no 
r e f e r e n c e t o o t h e r p h i l o s o p h i c a l s y s t e m s , and y e t u n d e r l y i n g i s 
t h e p r e s u m p t i o n t h a t t e m p o r a l d i r e c t i o n i s a c o n c e p t t h a t i s 
imposed on e x p e r i e n c e . The t o p o l o g i c a l o r d e r t h a t we impose on 
t h e t i m e m a n i f o l d i s d e m o n s t r a t e d t o be i n e x t r i c a b l y c o n n e c t e d 
t o t h e c a u s a l o r d e r i n g t h r o u g h w h i c h we r e l a t e e v e n t s i n t h e 
wor1d , 
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C h a p t e r 9 

COMCLUDING REMARKS 

We have been a b l e t o t r a c e t h e d e v e l o p m e n t o f R e i c h e n b a c h ' s 
p h i l o s o p h i c a l w r i t i n g s f r o m h i s i n i t i a l a t t e m p t s t o i n c o r p o r a t e 
p r o b a b i l i s t i c c o n c e p t s and t h e r e l a i t i v i s a t i o n o f s p a c e - t i m e i n t o 
a K a n t i a n c o n t e x t , t h r o u g h t o t h e p r a c t i c a l e m p i r i c a l a n a l y s i s 
he e m p l o y s i n The D i r e c t i o n o f Time. A l t h o u g h he r e j e c t s t h e 
l o g i c a l s t r u c t u r e t h a t Kant used as a c o n t e x t o f j u s t i f i c a t i o n 
f o r h i s t r a n s c e n d e n t a l method, R e i c h e n b a c h has c o n t i n u e d t o 
e m ploy t h e K a n t i a n method o f i n v e s t i g a t i n g how e m p i r i c a l 
k n o w l e d g e i s d e r i v e d t h r o u g h i m p o s i n g f o r m a l o r d e r on 
u n s t r u c t u r e d e x p e r i e n c e . Thus The D i r e c t i o n o f Time i s an 
a n a l y s i s o f t h e r u l e s employed i n d e t e r m i n i n g e m p i r i c a l t i m e 
o r d e r and d i r e c t i o n , and t h e P h i l o s o p h i c F o u n d a t i o n s o f Quantum 
M e c h a n i c s i n v e s t i g a t e s t h e r e l a t i o n s h i p between t h e r u l e s we 
a p p l y t o the^ i n t e r p h e n o m e n a l w o r l d o f quantum me c h a n i c s and t h e 
r u l e s we a p p l y t o t h e w o r l d o f o b j e c t s o f i m m e d i a t e e x p e r i e n c e . 
D e s p i t e h i s r e j e c t i o n o f t h e K a n t i a n schema, R e i c h e n b a c h r e s o r t s 

r u l e o f c a u s a l c o n n e c t e d n e s s as t h e g u i d i n g p r i n c i p l e 
w h i c h we f o r m o b j e c t i v e k n o w l e d g e . A l t h o u g h he d i s m i s s e s 
a ~ p r i o r i n e c e s s i t y f o r e m p i r i c a l c a u s a l o r d e r i n g , 

R e i c h e n b a c h ' s u l t i m a t e c r i t e r i o n f o r c h o i c e between r i v a l 
s c i e n t i f i c t h e o r i e s and e x p l a n a t i o n s i s i n t h e d e g r e e t o w h i c h 
t h e y e x h i b i t c a u s a l c o n n e c t e d n e s s . H i s j u s t i f i c a t i o n i s t h a t o f 
t h e p r a g m a t i c e n g i n e e r ; t h a t i f we a r e t o come t o t e r m s w i t h t h e 
e m p i r i c a l w o r l d t h e n we need t o o p e r a t e on t h e b a s i s o f i t s 
b e i n g o r d e r l y , t h a t i t i s s u b j e c t t o c a u s a l c o n n e c t i o n , and t h a t 

t o t h e 
t h r o u g h 
Kant •• s 

i n d u c t i v e 
r e v i e w i n g 

methods a r e our 
F?eich63nbach's work 

b e s t s t r a t e g y , 
o b s e r v e s 

H i l a r y Putnam, i n 

I f we p i c t u r e R e i c h e n b a c h ' s s y s t e m as an a r c h , w i t h 
t h e c a u s a l t h e o r y o f t i m e , t h e p r o b a b i l i t y t h e o r y o f 
c a u s a l i t y , and t h e t h e o r y o f t h e s p a c e t i m e m e t r i c as 
one s i d e , and t h e t h e o r y o f t h e e p i s t e m o l o g i c a l 
p r i m a c y o f p h y s i c a l t h i n g s and t h e i n d u c t i v e i n f e r e n c e s 
t o u n o b s e r v e d t h i n g s and t o i l l a t a as t h e o t h e r s i d e , 
t h e k e y s t o n e o f t h e a r c h i s h i s c e l e b r a i t e d p r a g m a t i c 
v i n d i c a t i o n o f i n d u c t i o n . 

(Putnam [ 1 9 9 1 ] , 71) 

R e i c h e n b a c h , as e m p i r i c a l p h i l o s o p h e r , l o o k s beyond Hume's 
a s c e t i c s c e p t i c i s m on t h e g r o u n d s t h a t we have a need t o d e a l 
w i t h t h e w o r l d , and a l t h o u g h e x p e r i e n c e can never p r o v i d e us 
w i t h u n r e v i s e a b l e e m p i r i c a l t r u t h , i n d u c t i v e assessment does 
g i v e us a w o r k a b l e b a s i s . He r e j e c t s K a n t ' s a p p e a l t o t h e 
l o g i c a l n e c e s s i t y f o r s p e c i f i c a - p r i o r i p r i n c i p l e s t h a t must 
a p p l y t o k n o w l e d g e , taut, he a c c e p t s t h e p r e m i s s t h a t e m p i r i c a l 
k n o w l e d g e o n l y a r i s e s t h r o u g h t h e s t r u c t u r e we impose on 
experiencE?, - and o b j e c t i v e c a u s a l s t r u c t u r e i s a p r i m e 
r e q u i r e m e n t . The p r a c t i c a l R e i c h e n b a c h has t h e b e n e f i t o f 
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d e v e l o p m e n t s i n m a t h e m a t i c s and p h y s i c s t h r o u g h t h e n i n t e e n t h 
and e a r l y t w e n t i e t h c e n t u r y , w h i c h he can a s s e s s a g a i n s t K a n t ' s 
s y s t e m . He i s t h e r e b y e n a b l e d t o a p p r e c i a t e t h a t t h e r u l e s we 
employ t o s t r u c t u r e k n o w l e d g e a r e r e v i s e a b l e . He w o u l d t h u s 
a g r e e w i t h D a v i d Hume t h a t a b s o l u t e and s u r e knowledge o f t h e 
o b j e c t i v e w o r l d i s u n a t t a i n a b l e , b u t he i s p r e p a r e d t o commit 
h i m s e l f t o o b t a i n i n g i m p r o v e d f o r m u l a t i o n s o f knowledge t h a t a r e 
u s e a b l e , and t h e r e b y v i n d i c a t e s K a n t ' s t r a n s c e n d e n t a l method 
w i t h o u t , however, a p p e a l i n g t o a l o g i c a l j u s t i f i c a t i o n o f 
a - p r i o r i p r i n c i p l e s . G e m o t Boehme d i s c u s s e s t h e K a n t i a n method 
i n " K a n t ' s E p i s t e m o l o g y as a T h e o r y o f A l i e n a t e d Knowledge", 

The aim o f a t r a n s c e n d e n t a l t h e o r y o f knowledge i s 
t o comprehend t h e c o n n e c t i o n between t h e r u l e s o f 
c o g n i t i o n t h a t one f o l l o w s and t h e c o n s t i t u t i o n o f 
an o b j e c t . 

(Boehme [ 1 9 8 6 ] , 338) 

R e i c h e n b a c h used a t r a n s c e n d e n t a l m e t h o d o l o g y t h r o u g h o u t h i s 
p h i l o s o p h i c a l w o r k , even t h o u g h , i n f l u e n c e d by M o r i t z S c h l i c k , 
he w i s h e d t o d i s t i n g u i s h h i s work f r o m n e o - K a n t i a n 
sc h o i a s t i c i s m n 
Wesley Salmon, i n h i s resume o f R e i c h e n b a c h ' s work i n "The 
P h i l o s o p h y o f Hans R e i c h e n b a c h " (Salmon ( e d ) [ 1 9 7 9 ] , 1 - 8 4 ) , 
o b s e r v e s on R e i c h e n b a c h ' s e p i s t e m o l o g y 

S i n c e , f o r h i m , e m p i r i c a l v e r i f i c a t i o n i s p r o b a b i l i s t i c 
o r i n d u c t i v e , t h e way became c l e a r t o a d o p t a 
t h o r o u g h g o i n g e m p i r i c i s m v \ i i t h o u t becoming i n v o l v e d 
i n any f o r m o f phen o m e n a l i s m . 

(Salmon ( e d ) , [ 1 9 7 9 ] , 43,44) 

T h i s o v e r - s i m p l i f i e s R e i c h e n b a c h ' s a p p r o a c h , i n t h a t h i s 
a n a l y s i s i s a l w a y s d i r e c t e d t o w a r d s t h e c o n s t i t u t i v e r u l e s 
e m p l o y e d i n c o n c e p t s r e l a t e d t o e m p i r i c a l d e s c r i p t i o n . 

The t w o c o n t e m p o r a r y d e v e l o p m e n t s i n p h i l o s o p h i c a l method, w h i c h 
r e a c t e d t o K a n t ' s s y s t e m , were l o g i c a l p o s i t i v i s m and 
c o n v e n t i o n a l i s m . R e i c h e n b a c h was s y m p a t h e t i c w i t h b o t h , b u t was 
u n a b l e t o embrace e i t h e r as v i a b l e p h i l o s o p h i c a l s y s t e m s . H i s 
(nost c o g e n t r e j e c t i o n o f l o g i c a l p o s i t i v i s m i s e n u n c i a t e d i n 
E x p e r i e n c e and P r e d i c t i o n where he d e m o n s t r a t e s t h a t 
v e r i f i c a t i o n o f s t a t e m e n t s a b o u t e m p i r i c a l e v e n t s c a n n o t be 
a b s o l u t e l y r e a l i s e d i n t e r m s o f s i m p l e truth o r falsehoodn Any 
s t a t e m e n t a b o u t o b j e c t i v e e v e n t s c a r r i e s w i t h i t c o n c e p t s w h i c h 
have p r o b a b i l i s t i c and p r e d i c t i v e e l e m e n t s embedded i n them, and 
an a p p e a l t o d i r e c t v e r i f i c a t i o n must p r e s u p p o s e e i t h e r t h e 
p r i m a c y o f u n s t r u c t u r e d s e n s e - i m p r e s s i o n s o r o f a d i r e c t l y g i v e n 
o b j e c t i v e r e a l i s m ; - b o t h o f w h i c h , Fteichenbach d e m o n s t r a t e s t o 
be m i s t a k e n s i m p l i f i c a t i o n s . D i f f e r e n t i a t i n g h i s p o s i t i o n f r o m 
F-'oinc£ire' s c o n v e n t i o n a l i s m i s n o t so s t r a i g h t f o r w a r d . 
R e i c h e n b a c h was uneasy a b o u t a p h i l o s o p h i c a l s y s t e m t h a t gave 
e q u a l w e i g h t t o a l t e r n a t i v e d e s c r i p t i o n s o f r e a l i t y ; t h a t a l l 

164 



s e l f - c o n s i s t e n t s e t s o f c o n v e n t i o n s o r c o o r d i n a t i v e d e f i n i t i o n s 
a r e e q u a l l y v a l i d . R e i c h e n b a c h o f f e r s two means o f 
d i s c r i m i n a t i n g between s c i e n t i f i c t h e o r i e s e m p l o y i n g d i f f e r e n t 
c o n v e n t i o n s ; i n P h i l o s o p h y o f Space and Time he recommends t h e 
a d o p t i o n o f t h e t h e o r y t h a t e l i m i n a t e s universal forces, t h u s 
p r e f e r r i n g E i n s t e i n ' s S p e c i a l T h e o r y o f R e l a t i v i t y t o t h a t o f 
L o r e n t s 5 and h i s s e c o n d c r i t e r i o n i s t h a t a n o r m a l s c i e n t i f i c 
e x p l a n a t i o n s h o u l d c o n f o r m t o s p a t i o - t e m p o r a l c a u s a l o r d e r i n g . 
As a p r a g m a t i c t r a n s c e n d e n t a 1 i s t , Reichentaach n e c e s s a r i l y a d o p t s 
a c o n v e n t i o n a l i s t p o i n t o f v i e w , b u t as a p r a c t i c a l e n g i n e e r h i s 
a n a l y s i s a i m s t o p r o v i d e t h e most u s e f u l and c o n c e p t u a l l y s i m p l e 
d e s c r i p t i o n o f t h e w o r l d . A l t h o u g h c o n v e n t i o n s a r e a r b i t r a r y , 
t h e l a n g u a g e w h i c h e m p l o y s th6?m r e l a t e s t o an o b j e c t i v e w o r l d 
w h i c h i s i n o t ; -

T h e r e a r e some e s s e n t i a l f e a t u r e s o f l a n g u a g e w h i c h 
a r e n o t a r b i t r a r y b u t w h i c h a r e due t o t h e 
c o r r e s p o n d e n c e o f l a n g u a g e w i t h f a c t s ; t h e t a s k o f 
p h i l o s o p h y i s t o p o i n t o u t t h e s e f e a t u r e s and t o shovi 
w h i c h f e a t u r e s o f l a n g u a g e r e v e a l s t r u c t u r a l f e a t u r e s 
o f t h e p h y s i c a l w o r l d . 

( R e i c h e n b a c h [ 1 9 3 8 ] , 271) 

Thus any s y s t e m o f c o n v e n t i o n s vMhich a s c r i b e s more t h a n t h r e e 
d i m e n s i o n s t o s p ace i s q u i t e w r o n g . 

R e i c h e n b a c h ' s most d i s t i n c t i v e a c h i e v e m e n t i s i n r e s c u i n g t h e 
t r a n s c e n d e n t a l method f r o m s c h o l a s t i c n e o - K a n t i a n i s m and 
u p d a t i n g i t a g a i n s t t h e d e v e l o p m e n t s o f t w e n t i e t h c e n t u r y 
s c i e n c e . H i s e d u c a t i o n as an e n g i n e e r p r e p a r e d him as m a s t e r o f 
modern m a t h e m a t t i c s and p h y s i c a l s c i e n c e t o t a k e a c c o u n t o f t h e 
i m p a c t o f t w e n t i e t h c e n t u r y s c i e n c e on p h i l o s o p h y . H i s a n a l y s i s 
i s a l w a y s based on a t h o r o u g h u n d e r s t a n d i n g o f t h e r e l e v a n t 
s c i e n t i f i c s u b j e c t - m a t t e r , and h i s o b j e c t i v e i s t o p r o v i d e 
c o m p l e t e e x p l i c a t i o n o f t h e c o n c e p t s i n v o l v e d . 

I n r e a d i n g R e i c h e n b a c h ' s a n a l y s i s o f a s c i e n t i f i c t h e o r y , we a r e 
b e i n g l e d by t h e e n g i n e e r w i t h h i s a v i d t h i r s t t o u n d e r s t a n d , 
and w h i c h as a boy he had exp>ressed 

t r u e s c i e n c e does n o t c o n s i s t o f t h e k nowledge o f 
a c e r t a i n amount o f f a c t s and numbers b u t o f t h e 
i n n e r a p p r e c i a t i o n f o r t h e g r e a t i n t e r c o n n e c t e d n e s s 
o f n a t u r e . 

( R e i c h e n b a c h [ 1 9 7 8 ] , v . 1 , 11) 
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