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1  AUGUSTE COMTE 
 

Although there are exceptions, astronomers in 
general are not noted either for their knowledge 
of, or interest in, philosophy.  It is, therefore, 
somewhat ironical that so many of them should 
remember Auguste Comte (1798–1857; Figure 
1) who, although he was influential in his lifetime 
and, indirectly so, well into the twentieth century, 
was scarcely in the first rank of philosophers.  He 
ventured to state, however, that human beings 
would never be able to know the physical nature 
and chemical composition of the stars and many 
astronomers have recalled this statement to rid-
icule not only Comte himself, but sometimes phil-
osophy in general.   
 

Only a few years after Comte‘s death, Gust-
av Kirchhoff (1824–1887) and Robert Bunsen 
(1811–1899) laid the foundations of spectro-
scopic analysis, which would eventually enable 
astronomers to do just what Comte supposed 
they could never do.  I sometimes imagine that, 
in whatever portion of the Elysian Fields that is 
reserved for philosophers, the shade of Comte 
permits himself a wry smile every time a living 
astronomer quotes him on that subject: at least 
he is being remembered!  We are too ready to 
make fun of him and to forget that he wrote his 
Cours de Philosophie Positive before astrono-
mers had reliably determined the distance to a 
single fixed star. 
 

Moreover, leading astronomers of the day 
would have agreed with him and, perhaps, would 
have argued that the study of the composition of 
the stars was not part of astronomy.  For ex-
ample, Friedrich Wilhelm Bessel (1784–1846) 
an older contemporary of Comte, wrote to Alex-
ander von Humboldt (1769–1859) emphasizing 
that astronomy was restricted to what could be 
observed from the Earth and was a matter of 
precise measurements of the positions and or-
bits of celestial bodies, adding that 
 

Everything else that one may learn about the 
objects, for example their appearance and the 
constitution of their surfaces, is not unworthy 
of attention, but is not the proper concern of 
astronomy. (Kragh, 2004: 18). 

 

Similarly, George Biddell Airy (1801–1892), 
who was born only three years after Comte, 
wrote of the importance of a national observa-
tory having some distinctly useful task (such as 
the time service in Greenwich or the meridian 
survey in Pulkovo) to prevent ―… astronomers 
from wasting their time in the mere fanciful 
abstractions of science.‖ (Airy, 1848: 355).  It is 
not entirely clear what Airy meant by that phrase 
but we may be fairly sure that he held much the 
same view of the proper concerns of astrono-
mers as Bessel did. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Auguste Comte (en.wikipedia.org). 

 
Comte was echoing quite accurately the opin-

ions of leading scientists of his day, and he had 
a high opinion of astronomy as he knew it.  He 
maintained that there were three stages in the 
development of a science, the theological, the 
metaphysical, and the positive, and he consid-
ered the science of astronomy to have been the 
first—except for pure mathematics—to reach 
the final stage (Martineau, 1853: 32, 56).  Unlike 
terrestrial sciences, astronomy was limited by 
what could be deduced by the use of the sense 
of Sight (capitalization in the English version of 
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his philosophy) and it is hardly surprising that he 
should, in the 1830s, have supposed that the 
internal constitution of the stars must be forever 
beyond our powers of discovery.  Astronomers 
themselves have not always been very pre-
scient about what can or cannot be known: 
Kragh (2004: 20) also reminds us that, as late  
as 1906, even Simon Newcomb thought that the 
human race would never be able to know 
whether or not there were other galaxies besides 
our own Milky Way 
 

The best source in English for what Comte 
actually said is Harriet Martineau (1853).  Her 
freely translated and condensed version of 
Comte‘s original work appeared in his lifetime and 
had his approval.  She wrote:   
 

Whatever knowledge is obtainable by means 
of the sense of Sight, we may hope to attain 
with regard to the stars, whether we at present 
see the method or not; and whatever know- 
ledge requires the aid of other senses, we must 
at once exclude from our expectation, in spite 
of any appearances to the contrary.  As to quest-
ions about which we are uncertain whether 
they finally depend on Sight or not, -- we must 
patiently wait for an ascertainment of their char-
acter, before we can settle whether they are 
applicable to the stars or not.  The only case in 
which this rule will be pronounced too severe 
is that of questions of temperatures.  The math-
ematical thermology created by Fourier may 
tempt us to hope that, as he has estimated the 
temperature of the space in which we move, 
we may in time ascertain the mean temperat-
ure of the heavenly bodies: but I regard this 
order of facts as for ever excluded from our 
recognition.  We can never learn their internal 
constitution, nor, in regard to some of them, how 
heat is absorbed by their atmosphere.  New-
ton‘s attempt to estimate the temperature of 
the comet of 1680 at its perihelion could ac-
complish nothing more, even with the science 
of our day, than show what would be the temp-
erature of our globe in the circumstances of 
that comet.  We may therefore define Astron-
omy as the science by which we discover the 
laws of geometrical and mechanical phenom-
ena presented by the heavenly bodies. 

 

It is desirable to add a limitation which is 
important, though not of primary necessity.  
The part of the science which we command 
from what we might call the Solar point of view 
is distinct, and evidently capable of being 
made complete and satisfactory; while that 
which is regarded from the Universal point of 
view is in its infancy to us now, and must ever 
be illimitable to our successors of the remotest 
generations.  Men will never compass in their 
conceptions the whole of the stars.  The differ-
ence is very striking now to us who find a per-
fect knowledge of the solar system at our 
command, while we have not obtained the first 
and most simple element in sidereal astron-
omy – the determination of the stellar inter-
vals.

1
  Whatever may be the ultimate progress 

of our knowledge in certain portions of the 

larger field, it will leave us always at an im-
measurable distance from understanding the 
universe. (Martineau, 1853: 148–149). 

 

However wrong Comte may have been about 
our inability to probe the internal constitution of 
the stars, that final sentence still rings true, de-
spite all our advances in cosmology!  Experience 
shows that solving today‘s problems in cosmol-
ogy only brings to light new problems for us to 
tackle.  Comte‘s later thinking developed his  
system almost into a substitute religion, causing 
T.H. Huxley (1889: 70) to remark that he desired 
―… to leave to the Comtists the entire monopoly 
of the manufacture of imitation ecclesiasticism.‖ 
The underlying principles of Comte‘s positivism 
remained influential, however, even after his 
death and were very similar to many found in the 
philosophy of Ernst Mach.  Through the latter, 
they were transmitted to the Vienna Circle and, 
as logical positivism, continued to influence both 
philosophers and scientists well into the twenti-
eth century. 
 
2  ERNST MACH  
 

If it is ironic that Comte is remembered by scien-
tists mainly for his false limitation on our know-
ledge of the stars, it is even more so that Ernst 
Mach (1838–1916; Figure 2) is remembered by 
non-scientists only because his work on shock 
waves led to the use of his name as the unit of 
speed in supersonic aeronautics, and by scien-
tists primarily for ‗Mach‘s Principle‘ (which he 
never enunciated) and his apparently-stubborn 
refusal to acknowledge the reality of atoms, 
even though he lived to see the work of Ruther-
ford on the atomic nucleus and Bohr‘s model of 
the hydrogen atom with its explanation of the 
emission spectrum of hydrogen.   
 

In fact, Mach made many contributions not 
only to physics, but also to the newly-emerging 
science of psychology, and to the history and 
philosophy of science—he may almost be said 
to have invented that latter discipline.  A thor-
ough biography and account of his work and phil-
osophy has been published by Blackmore (1972).  
 

Mach is often described as a positivist; he 
did not use that term of himself, but neither did 
he reject it when others used it of him.  There 
are certainly similarities between Mach‘s ideas 
and Comte‘s, particularly their joint insistence on 
the priority of sense-data.  Mach (1905: 72) also 
quoted with approval Comte‘s notion of the three 
stages of science, and seems to have agreed 
with him that astronomy and mathematics were 
the sciences that had advanced closest to the 
final stage.   
 

For Mach, sensations, or ‗elements‘ as he pre-
ferred to call them, were reality, and the busin-
ess of science was to relate sensations to each 
other as economically as possible, and prefer-
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ably by mathematical equations.  From this point 
of view, atoms could not be real, although Mach 
was prepared to grant that it might be helpful to 
think in terms of atoms until the true relationship 
between various sensations could be found.  This 
attitude to atomism may be the reason that Mach 
has been largely neglected.  In his lifetime he was 
much respected and extremely influential, espec-
ially through his many books.  
 

As a young man, in his twenties, he did, for a 
short time, accept the reality of atoms, as he 
admits in his book Erkenntnis und Irrtum (Mach, 
1905: 329).  As he developed his philosophy (al-
though he was reluctant to call it that) he came 
to believe that he had been mistaken.  Individu-
al atoms could not be observed—at least in his 
lifetime—and therefore, he argued, could not   
be regarded as real.  Already, when he wrote 
that book, Joseph John Thomson (1856–1940) 
had discovered the electron a decade prev- 
iously, and Ernest Rutherford (1871–1937) had 
moved to Manchester, where, with his associ-
ates, he began his most important work on the 
atomic nucleus.   
 

Mach‘s progress was against the trend set  
by most nineteenth-century scientists.  Although 
John Dalton (1766–1844) had published a vers-
ion of atomic theory in 1808, it was by no means 
immediately generally accepted.  By the time of 
Thomson‘s discovery of the electron, however, 
the reality of atoms was increasingly being ac-
cepted by physicists and Einstein‘s (1905a) pap-
er on Brownian motion convinced all but the most 
resolute sceptics that molecules, at least, were 
real.  After Rutherford‘s results and Niels Bohr 
(1886–1962) developed his model of the atomic 
nucleus, Mach was almost alone in maintaining 
that, at best, atoms could be regarded as useful 
models until a better explanation of the phenom-
ena was found.  Yet he continued to exert an 
influence, as indicated by the following excerpt 
from a letter to him from Albert Einstein (1879–
1955): 
 

You have had such an influence on the episte-
mological conceptions of the younger physical 
generation, that even your current opponents, 
such as Herr Planck for example, would be 
considered ―Machists‖ by physicists holding the 
views of most physicists of some decades ago. 
(cited in Blackmore, 1972: 223). 

 

During the nineteenth century, James Clerk 
Maxwell (1831–1879), Lord Kelvin (1824–1907), 
Hermann von Helmholtz (1821–1894) and Lud-
wig Boltzmann (1844–1906) were developing 
the kinetic theory of heat, which identified heat 
with the kinetic energy of atoms or molecules.  
Mach, who made contributions of his own to ther- 
modynamics, continued to maintain that atoms 
were at best explanatory models that ultimately 
would be found unnecessary.  It is understand-
able that Mach, with his belief that sensations 

were reality, should be sceptical of a theory that 
explained the sensation of heat as the result of 
the motions of a vast number of hypothetical part-
icles, for which there was very little observation-
al evidence at the time and which then certainly 
could not be observed directly.   
 

We belong to a generation that was taught the 
kinetic theory of heat as established fact and, 
probably, few if any of us doubt it.  Nevertheless, 
I suspect that if we were called upon to explain 
to a non-scientific friend how the vibrations of 
atoms in a solid body could convey to our own 
bodies the sensation of warmth, let alone in ex- 
treme cases, the burning of our flesh, most of us 
would be hard put to do so convincingly.  All the 
same, it is harder to understand why Mach cont- 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: An photograph of Ernst Mach made prior to 1902 
(after Zeitschrift für Physikalische Chemie, 1902). 

 
tinued to resist the reality of atoms after the 
experiments of Rutherford, and Bohr‘s (1913) the-
oretical explanation of the hydrogen spectrum.   

 

There has been some speculation that Mach 
did indeed change his mind towards the end of 
his life, and this is discussed by Blackmore in an 
Appendix (pp. 319–323) to the work already cit-
ed.  Apparently, Mach was shown scintillations 
caused by individual alpha particles (helium nu-
clei) and was reported to have said that he now 
believed in atoms.  Blackmore concludes, how-
ever, that there was no conversion, and offers 
several quotations from Mach‘s later years to 
support his conclusion.  The latest, written in 
1915 a year before Mach‘s death, and two years 
after  the  publication  of  Bohr‘s  paper,  seems  to 
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me conclusive: 
 

I do not consider the Newtonian principles as 

completed and perfect; yet in my old age, I can 

accept the theory of relativity just as little as I 

can accept the existence of atoms and other 

such dogma. 
 

Interestingly, Mach appears to have had no 
trouble accepting Clerk Maxwell‘s theory of elec-
tromagnetism, which also was controversial 
when first published until Hertz discovered radio 
waves.  Mach (1905) was convinced of the wave 
theory of light, and in Erkenntnis und Irrtum pre-
sents it as the final word on the nature of light.   
He does not so much as mention Planck‘s quan-
tum of action (discovered in 1900) or (even in 
the 1906 edition) Einstein‘s (1905b) famous pap-
er on light quanta.  Mach‘s openness to the wave 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5 

Figure 3: Max Planck in 1933 (en.wikipedia.org). 

 

theory of light leaves one wondering if, had he 
lived to see Schrödinger‘s development of wave 
mechanics, he might have hailed that as a step 
towards a more realistic description of what we 
now regard as sub-atomic phenomena.  Had he 
been granted another thirty years of life, Mach 
would have witnessed the explosions over Hiro-
shima and Nagasaki; in a sense, they exploded 
his philosophy of science too.   
 

It would be a mistake, however, to discount 
that philosophy altogether.  One does not have 
to share it to admire the thought and the eru-
dition that went into its construction, and it was 
influential well beyond Mach‘s lifetime.  The 
‗Vienna Circle‘, that flourished between the two 
world wars, originally called itself the Ernst Mach 
Verein and developed his ideas into logical pos-

itivism, introducing the notion that statements 
that could not be verified empirically were mean-
ingless, and influencing the thinking of many 
scientists until well into the twentieth century.  It 
was in reaction to this that Karl Popper (1959) 
placed emphasis on falsifiability as a criterion of 
a scientific theory, rather than verifiability, and 
this idea, too, is still influential today with many 
scientists. 
 
3  MAX PLANCK 
 

As a young man, Max Planck (1858–1947; Fig-
ure 3) was strongly influenced by Ernst Mach 
and, like him, was sceptical about the reality of 
atoms but came round to accepting their reality 
before his own discovery of what he later called 
‗the elementary quantum of action‘. (Planck, 
1949: 98).  His early work was in thermody-
namics and especially was concerned with the 
nature of entropy.  It was at this stage of his life 
that he was most strongly influenced by Mach, 
and earned the disapproval of Boltzmann be-
cause of his disbelief in the reality of atoms—
something that he regretted in later life, although 
he became reconciled with Boltzmann after his 
discovery.  
 

B.R. Brown (2015: 115–124) gives the clear-
est account that I have read of Planck‘s rea-
soning and his own estimate of what he had 
achieved.  The assumption that energy was 
quantized was ‗purely formal‘, and he did not 
use the word ―quantum‖ in 1900.  Five years 
later, Einstein (1905b) developed Planck‘s think-
ing and postulated the light quantum, or photon.  
The well-known historian of science, Erwin Hie-
bert, as quoted by Blackmore (1972: 220), and 
Abraham Païs (1986: 193), however, point out 
that Planck was reluctant to accept that light 
could behave like a particle and only some 
years later fully accepted the physical reality of 
light quanta. 
 

As Planck matured, however, and developed 
his own philosophy of science, he departed more 
and more from Mach‘s point of view, and be-
came a realist, in the sense that he believed that 
scientists were investigating a real world that ex-
isted independently of human consciousness, but 
which we could never hope to understand com-
pletely.  A referee has kindly drawn my attention 
to a quotation from a 1930 essay by Planck, 
reprinted in a book unavailable to me (Green-
berg, 1990: 64), which makes this last point very 
clear: 
 

The physicist‘s ideal goal is knowledge of the 
real outside world; but his only research tool, 
his measurements, never tell him anything di-
rectly about the real world, but are always only 
a more or less uncertain message … a sign 
that the real world transmits to him and from 
which he then tries to draw conclusions, simi-
lar to a linguist who must decode a document 
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which comes from a culture completely un-
known to him. 

 

Planck (1932: 82–83) returned to the theme in a 
collection of essays published in English under 
the title Where is Science Going? where he 
wrote: 
 

Now there are two theorems that form together 
the cardinal hinge on which the whole struc-
ture of physical science turns.  These theorems 
are: (1) There is a real outer world which 
exists independently of our act of knowing, 
and, (2) The real outer world is not directly 
knowable. (Planck, 1932: 82–83; his italics). 

 

This is followed at the bottom of page 83 by: 
 

But if physical science is never to come to an 
exhaustive knowledge of its object, then does 
not this seem like reducing all science to a 
meaningless activity?  Not at all.  For it is just 
this striving forward that brings us to the fruits 
that are always falling into our hands and which 
are the unfailing sign that we are on the right 
road and ever and ever drawing nearer to our 
journey‘s end.  But that journey‘s end will never 
be reached, because it is always the still far 
thing that glimmers in the distance and is unat-
tainable.  It is not the possession of truth, but 
the success which attends the seeking after it, 
that enriches the seeker and brings happiness 
to him. 
 

Planck, therefore, departed from positivism 
and from Mach, whom he regarded as the lead-
ing exponent of that philosophy in late nineteen-
th-century Germany and Austria.  In 1908, he 
gave a lecture that ended with a personal attack 
on Mach, who soon replied.  Planck returned to 
the fray in 1910 with a still more personal attack.  
Planck‘s strident tone, for which he has been 
criticized, may partly be explained by the fact 
that this was just the time when, according to 
Hiebert and Païs, Planck was wrestling with his 
own views on the reality of photons and, as Brown 
(2015) points out, it was also close to the death 
of his first wife.  A fuller account of this episode, 
including some of the criticisms levelled against 
Planck and references to the original sources, is 
given by Blackmore (1972: 223–226).  Planck‘s 
real target was positivism, of which Mach hap-
pened to be the representative.  Einstein‘s letter 
about Mach‘s lasting influence on physicists, 
quoted above, was written in the context of this 
debate between Planck and Mach.  Later, Ein-
stein‘s own philosophical position moved much 
closer to Planck‘s than to Mach‘s, although he 
still retained his respect for the latter. 

 

Brown (2015) makes the point that the devel-
opment of the Copenhagen interpretation of the 
quantum theory seemed to Planck to be a return 
to Mach‘s positivism, as does Planck‘s other bio-
grapher, J.L. Heilbron (1986).  Mach, at least as 
Planck understood him, denied the existence of 
a real external world, while Planck, for his part, 
developed the ideas in the first quotation above 

to distinguish three worlds, or perhaps better, a 
threefold division of the world into the world of 
the senses, the real world, and the world of the 
physicist.  We shall encounter a theme very like 
that in the next section. 

 

Planck was also much interested in the fund-
amental constants of nature.  In a paper pub-
lished in his Scientific Autobiography (Planck, 
1949: 168ff.) Planck discusses the masses and 
charges of elementary particles, and, earlier in 
the book (on page 98) the velocity of light and 
his ‗elementary quantum of action‘, which all the 
rest of us know as ‗Planck‘s constant‘.  Positiv-
ists, he argues, do not like these universal con-
stants since they are evidence for the real outer 
world which exists independently of our act of 
knowing.  Indeed, one of Mach‘s objections to 
the theory of relativity was the postulate that the 
velocity of light is the same for all observers, 
whatever their relative motions may be.  For 
Planck, the existence of fundamental constants 
of nature shows that the philosophy of positi-
vism is false.  His concern with these funda-
mental constants is one of many ideas that, as 
we shall see, he shared with A.S. Eddington.   

 

It is, however, surely something of an over-
simplification to say that Mach denied the exist-
ence of an external world.  While, as mentioned 
above, ‗Mach‘s principle‘ was not enunciated by 
Mach himself, he did discuss the possibility of 
relating motions to the fixed stars, which pre-
sumably confers some sort of reality behind the 
optical sensations that most of us interpret as 
arising from the external Universe  

 
4  ARTHUR STANLEY EDDINGTON 
 

Eddington (1882–1944; Figure 4) was a genera-
tion younger than Planck, as Planck was than 
Mach.  There were many points of similarity be-
tween Eddington‘s thinking and Mach‘s, possib-
ly indicating that the latter had considerable in-
fluence on Eddington, just as he had had on 
Planck.  Kragh (2004) discusses the influence of 
positivism on the thinking of both Jeans and Ed-
dington, although, somewhat surprisingly, Stan-
ley (2007), in his important study of Eddington‘s 
life and work, does not refer either to positivism 
or to Mach, and his sole reference to Comte is 
to the dictum with which I opened this discus-
sion.   
 

Eddington‘s insistence that all we know di-
rectly are our sense impressions and internal 
thoughts could have been taken straight from 
Mach‘s Erkenntnis und Irrtum, although that work 
was not available in English during Eddington‘s 
lifetime.  Several of Mach‘s works were available 
in translation, however, even during Eddington‘s 
student years, and he was certainly familiar with 
some aspects of Mach‘s thought.  In one of his 
books,  Space, Time and Gravitation: An Outline 
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of General Relativity Theory (Eddington, 1920: 
Chapter 10), Mach is discussed in the context of 
what we now call ‗Mach‘s Principle‘ but, apart 
from that, the names of Mach and Comte, or the 
term ‗positivism‘, do not appear in the indices of 
any of Eddington‘s semi-philosophical works.  
 

Eddington‘s (1928: 252) statement that all our 
knowledge of the physical world reduces to point-
er readings was anticipated by Mach, who recog-
nized that instruments both give our sensations 
more precise quantitative values and extend the 
range of sensation to, for example, infrared or ul-
traviolet radiations, that we cannot see directly.  
Nowadays, of course, we would substitute digital 
read-outs for pointer readings, but that implies no 
change of principle.  Mach, who understood the 
necessary interaction between theory and obser-
vation, might even have agreed with Eddington‘s 
(1935: 211) statement that, while most physicists 
distrusted a theory that was not supported by ob- 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: A.S. Eddington (en.wikipedia.org). 

 
servation, one should also be wary of accepting 
observations that were not supported by theory.  
There are even germs of Eddington‘s (1939: 
16–27) ‗selective subjectivism‘ in the final chap-
ter of Erkenntnis und Irrtum.  Finally, Eddington‘s 
(1928: 291) famous definition of the electron as 
―... something unknown is doing we don‘t know 
what ...‖ might well have been hailed by the old-
er man, had he lived to read it, as justification 
for his scepticism about the physical reality of 
atoms.  
 

Undoubtedly positivism, the most popular 
philosophy of science in Eddington‘s lifetime, 
had its effects on his thinking, yet he was not a 

positivist; his Quaker mysticism did not accord 
well with the atheism of both Comte and Mach. 
Moreover, like Planck, Eddington was a realist 
in that he believed that the physical world was 
part of an objective reality, even though he 
thought there were very definite limitations to 
what we could know about it.  Eddington held 
Planck in high regard, although it is unclear if 
they ever met, and there are also parallels be-
tween the thinking of those two, which perhaps 
are more important than those between Edding-
ton and Mach.  

 

For example, as just mentioned, like Planck, 
Eddington believed that scientists were investi-
gating a real external world, but, also like Planck, 
he was aware of the difficulty of defining just 
what ‗reality‘ is.  This, it seems to me, is the real 
point of the introduction to The Nature of the 
Physical World (Eddington, 1928: xi) in which 
Eddington describes his two tables: the ordinary 
everyday table, with which we are all familiar, 
that provided a firm surface for his writing paper, 
and the ‗scientific table‘ composed of atoms 
whose vibrations supported the paper rather as 
a swarm of bees might do.  This illustration in-
vited the criticism of the philosopher Susan Steb-
bing (1937: 54–60) who thought it quite mislead-
ing.  Her criticism was based on the assumption 
that Eddington really believed that there were 
two tables.  I do not read him so: rather, I think 
he was challenging his readers to question which 
one of these two descriptions of the table were 
closer to reality or, to use a Kantian phrase   
with which Mach dispensed, to the ding an sich.  
Planck (1932: 69) also adopted the imagery of a 
swarm of atoms supporting the paper on his 
desk and on pages 92 and 97 of the same book 
there are passages on the mutual dependence 
of theory and observation that are reminiscent of 
Eddington‘s statement cited above about not 
trusting an observation unless it is supported by 
theory. 

 

Eddington fully agreed with Planck that we 
could not hope to know the external world com-
pletely, and he wrote: 

 

We seek the truth; but if some voice told us 
that a few years more would see the end of our 
journey, that the clouds of uncertainty would 
be dispersed, and that we should perceive the 
whole truth about the physical universe, the tid-
ings would be by no means joyful.  In science 
as in religion the truth shines ahead as a bea-
con showing us the path; we do not ask to 
attain it; it is better far that we be permitted to 
seek. (Eddington, 1929: 16). 

 

The parallel between Eddington‘s ―... beacon 
showing us the path ...‖ and Planck‘s ―... still far 
thing that glimmers in the distance and is un-
attainable ...‖ is striking.  Did these two men hit 
on similar metaphors, or did one copy the other?  
Since Eddington‘s book was published first it 
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would have been Planck who copied, if copying 
there was; but it does not matter whether there 
was copying or independent choice of the meta-
phor.  Either way, the two men, each of profound 
physical insight, were thinking in a similar fash-
ion.  Both men saw science as an endless quest: 
neither would have agreed with Horgan (1996) 
that all the best and most fundamental scientific 
discoveries have now been made. Planck (1932: 
82), a mountaineer, used the metaphor of reach-
ing a hilltop only to find still more hills ahead of 
us.  
 

In addition, Planck, almost certainly, and Ed-
dington, quite possibly, were influenced by the 
eighteenth-century German writer, Gotthold Eph-
raim Lessing (1729–1781), in their insistence that 
seeking the truth is more rewarding than posses-
sing it.  Lessing (1778) wrote: 
 

It is not in the possession of truth, which a 
person holds, or claims to hold, that the value 
of human beings lie, but rather in the sincere 
effort which they have applied to get behind it.  
It is not possession of the Truth, but rather the 
pursuit of Truth by which they extend their pow-
ers and in which their ever-growing perfection 
consists.  

 

In an Eddington Memorial Lecture, the British 
physicist and philosopher Herbert Dingle (1890–
1978) discussed Eddington‘s realism, which he 
regarded as a relic of Victorian thinking (Dingle, 
1954).  Eddington, he believed, could not break 
free from this ‗Victorian‘ conception that scien-
tists, and in particular physicists, were investigat-
ing a real external world.  Dingle believed that the 
theory of relativity had made it impossible to 
believe that physicists were in fact investigating 
the external world.  He wrote: 

 

In other words, the scientific problem, as seen 
by the Victorians, is reversed.  Instead of start-
ing with a given, unknown world and finding 
out its nature and character by observation, we 
start with observations and construct (or infer, 
if you prefer the word) a world to satisfy them. 
(Dingle, 1954: 12–13). 

 

Dingle is in fact advocating here a point of view 
very similar to Mach‘s who, after all at least in 
point of time, was a ‗Victorian‘, but his argument 
that the theory of relativity had made it impos-
sible to believe that physicists were investigating 
a world that existed independently of human 
consciousness is questionable.  Even Einstein 
himself believed he was investigating a real world 
and Planck (1932: 198), whom Dingle does not 
mention in his lecture, explicitly denied that the 
theory of relativity had got ―... rid of the absolute.‖ 
On pp. 17f, Dingle went on to summarize Ed-
dington‘s position, reasonably fairly, as one in a 
belief in three worlds, or at least, as with Planck, 
a threefold division of the world.  There is the 
real, or as Dingle termed it, the external world, 
which we wish to study, parts of which we can 

study by metric methods, and the results of 
these methods give us the world of the physicist 
which in some way symbolizes the structure of 
the external world. Meanwhile, non-metrical stud-
ies, such as art and religious experience, show-
ed us a spiritual world comprising other aspects 
of the external world.  Here again it seems that 
Planck and Eddington were thinking quite inde-
pendently and yet reaching very similar conclus-
ions (see the previous Section).  
 

Dingle, however, saw Eddington‘s three-fold 
division as a rather tortured attempt to reconcile 
the developments in physics of the early twenti-
eth century with the notion (which, as we have 
seen, Dingle believed to be untenable) that phys-
icists were investigating a real external world.  
As already mentioned, Dingle‘s own philosophy 
of science appears to have been Machist: his 
statement (Dingle 1954: 12) that post-relativistic 
physics is ―... a description of the relations exist-
ing between the results of certain operations ...‖ 
would have won Mach‘s full approval, as would 
the phrase on pages 37–38 defining science as 
―... the rational correlation of experience.‖  Per-
haps Dingle‘s own tendencies to Machism were 
a factor in his strenuous attacks, only a few years 
after this lecture, on the theory of relativity, 
which Mach had not accepted.  If so, it is an 
inconsistency in his own thinking that he should 
turn on the very theory that seemed to him to 
lead directly to Mach‘s brand of positivism.  It is 
also curious that Dingle sees the belief that 
physics is a description of a real external world 
as ‗Victorian‘.  Perhaps it was in Britain, but in 
Germany Mach‘s positivism prevailed for much of 
the nineteenth century and Planck came to what 
Dingle called the ‗Victorian‘ belief by rebelling 
against Mach. 
 

Perhaps the most important agreement be-
tween Planck and Eddington, however, and 
where they each diverge from Mach, is in their 
interest in the fundamental constants of nature.  
Eddington is famous (or notorious—depending 
on your own views) for his belief that the values 
of these constants could be deduced by pure 
reasoning, without empirical input.  Such a not-
ion, of course, would have been anathema to 
Mach and would probably not have been accept-
ed by Planck.  In recent decades the study of 
these constants has become of great interest in 
the discussion of the so-called ‗fine-tuning‘ of 
the Universe, to which I shall return in the next 
Section, even to those who do not subscribe to 
Eddington‘s beliefs. 

 

There is another important matter, however, 
in which Planck and Eddington found themselves 
on opposite sides, and that is the question of 
whether or not the Universe is deterministic at 
the level of sub-atomic particles.  Planck, like 
Einstein, believed that there must be determin-
istic laws underlying the apparent indeterminacy 
of quantum physics.  As we have seen, Planck 
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was troubled by Heisenberg‘s (1927) uncertainty 
principle.  Eddington believed that the behaviour 
of sub-atomic particles was truly unpredictable.  
He even ventured to speculate that that indeter-
minacy provided an opening for human free-will.  
Planck (1932) devoted two whole chapters to 
the question of physical causation and free-will 
and came to the qualified conclusion that, if we 
knew all the influences acting on us, we could 
predict the behaviour of others, but that we do 
not yet have sufficient knowledge to do so.  More-
over, since we could not analyze our own behav-
iour without interfering with it, we felt ourselves 
to have free will even though we do not.  Here, 
he was closer to Mach (1905: 45), who believed 
that our will, as a ―... special mental power ...‖ 
does not exist, and 

 

The will consists in subordinating less import-
ant or only temporarily important reflex actions 
to the processes that have a leading role in the 
functioning of life … 
 

Eddington and Planck also shared an inter-
est in the relations of science and religion and 
both wrote and lectured on the topic.  Planck 
was active in the Lutheran Church throughout 
his life, although his beliefs were hardly ortho-
dox.  Like Einstein, he denied a belief in a per-
sonal God and yet he certainly believed in a 
creator of some kind.  Eddington was an observ-
ant Quaker and explicitly endorsed the concept 
of a personal God (Eddington, 1929: 49–50) but, 
in practice, there may not have been all that 
much difference between Planck‘s deism and 
Eddington‘s mysticism.  
 
5  THE COLLAPSE OF POSITIVISM? 
 

The title of this section is inspired by a book by 
Michael Heller (1996), an English translation of 
a book originally published in Polish four years 
earlier.  The biologist Peter Medawar (1984: 66) 
also referred to positivism as ―dated‖.  Heller 
seemed confident that positivism had begun to 
collapse early in the 1970s, although he conced-
ed that its attitudes would linger on in the minds 
of many scientists.  Also, commenting on the 
search for a so-called ―... theory of everything 
...‖ he showed considerable prescience with the 
following remark:   
 

I wish … to draw attention to the fact that, in 
my opinion, in the not too distant future this will 
be an attractive theme for various anti-religi-
ous ideologies. (Heller, 1996: 71–72). 

 

It is of interest that Heller considers that the 
first signs of the collapse of positivism appeared 
in the early 1970s.  This was when interest in 
the fundamental constants of nature was revived 
in the astronomical community and Brandon 
Carter‘s (1972) paper appeared, which promoted 
the ‗anthropic principle‘.  As we have seen, 
positivists tended to resist the idea of universal 

constants, at least so Planck argued.  Carter‘s 
contribution was to point out that the relation-
ships these constants bear to one another cre-
ated the conditions in which our kind of life could 
appear and flourish.  Moreover, those ratios are 
very tightly constrained indeed if carbon-based 
intelligent life is to appear in the Universe.   

 

There seem to be two possible explanations: 
either the Universe was deliberately created by 
some omnipotent power in order that intelligent 
and morally self-aware life should appear, or 
there is a vast number of Universes (composing 
a so-called ‗Multiverse‘) so that by chance there 
would inevitably be at least one in which such 
life would appear.  Neither solution would have 
been very palatable to Mach.  His atheism would 
not have commended the first to him, and some-
one who throughout almost his whole life had 
opposed the idea that atoms had a real exist-
ence, despite the slowly-accumulating evidence 
for them that he witnessed, would hardly believe 
in the existence of many ‗Universes‘ that were 
certainly unobservable in his lifetime and for 
which we still have no clear observational evi-
dence.  Nevertheless, had he come to accept  
the significance of universal constants, he would 
have had a way out of the dilemma: another as-
pect of his philosophy was monism.  He believ-
ed that the Universe is One (Bradley 1971: 158).  
Since we are a part of the One, the Universe 
must necessarily have the properties that en-
able us to exist.  As to why the One has those 
properties and includes us, that probably is a 
matter on which Mach would have declined to 
speculate. 

 

There is an interesting strand running through 
the thought of all four of the men discussed in 
this paper: the limitations on human knowledge.  
Comte may have been wrong about what he 
thought we could never know, which included 
not only the physical nature of the stars but the 
whole of modern cosmology; at least he was 
modest enough to suppose that there were lim-
its on what we could know.  Mach did not ex-
press that idea quite so explicitly, but he limited 
reality and, therefore, what we could hope to 
know to our bodily sensations and the relations 
between them.  Ideas like the Multiverse, and 
possibly even ‗dark matter‘ and ‗dark energy‘, he 
would have dismissed as hopelessly unscientific.  
Planck and Eddington, although they believed 
that they were investigating a real physical Uni-
verse, agreed that we would never be able fully 
to understand it.   

 

Peter Medawar (1915–1987), a generation 
younger than Eddington and a generation older 
than my own contemporaries, also shared a 
belief in the limits of science, but he did not think 
that this any way derogated from science.  
Science, he argued (Medawar, 1984), was de-
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signed to answer questions of a certain sort and 
there are no limits to the number of questions of 
that sort or to the ability of science to answer 
them; Planck‘s metaphor of the hilltops would 
have won his full approval.  On the other hand, 
Medawar believed that there were questions, 
the ultimate questions about the meaning of life 
and the Universe and the beginning of the Uni-
verse, which science could not answer. 

 

There is a different spirit abroad amongst at 
least some scientists of our time.  Krauss (2012), 
for example, believes that it is the business of 
science to find a naturalistic explanation for 
everything, including the origin of the Universe 
itself.  Historically that belief was not shared by 
most of the people we look on as the founders of 
modern science, and there are still many scien-
tists who would not subscribe to it, but Krauss is 
representative of a considerable number of mod-
ern scientists.  He tackles the Big Question: why 
is there something rather than nothing?  He fav-
ours the Multiverse solution to the dilemma out-
lined above, and argues that this ensures that 
there will be at least one Universe in which the 
laws of quantum physics will be such as to per-
mit the emergence of beings like us.  I, person-
ally, do not find his argument convincing, but the 
main point I wish to make here is that those who 
argue like him are creating a new view of the 
nature and scope of science.  That may not be 
wrong in itself; after all, Comte, Mach, and their 
successors the logical positivists created a new 
view of science that was certainly different from 
the views of Galileo, Newton and Boyle, to name 
a few.  Heller may or may not be correct that 
positivism has collapsed in our own time; he 
was certainly prescient to see how the search 
for a ―theory of everything‖ would affect the 
science-religion debate, for it is precisely that 
search that leads to the claims of those who 
think like Krauss. 

  

Einstein, too, was correct when he wrote to 
Mach that his influence had been so pervasive, 
that even those who attacked him were in some 
sense ‗Machists‘, but we seem to have reached 
a time in which even that influence has begun to 
wane.  Of course Comte and Mach were right to 
insist on the importance of sense-data as both 
the starting point and the test of scientific theor-
ies: in that limited sense all scientists must be 
positivists.  The positivist view of the nature of 
science may well have been incorrect, but it 
avoided Airy‘s ―... mere fanciful abstractions of 
science ...‖ and acknowledged the limitations on 
our human ability to understand this Universe of 
which we are a very small part.  Planck was 
perhaps thinking of a distinction similar to that 
made by Medawar when he argued, during a 
conversation with Einstein that  
 

Science cannot solve the ultimate mystery of 
nature.  And that is because, in the last analy-
sis, we ourselves are part of nature and there-
fore part of the mystery that we are trying to 
solve. (cited by Planck, 1932: 217). 

 

That remark remains a useful warning against 
the hubris of supposing that the methods of 
science can lead to a final understanding of life, 
the Universe, and everything.  
 

6  NOTES  
 

1.  I assume that what is meant here is stellar 
distances, which were indeed unknown when 
Comte first wrote. 
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