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It is significant that among the five path-
breaking papers he wrote in 1905, Ein-
stein regarded his paper on the quantum
hypothesis as the ‘most revolutionary’.
In this paper he used ideas which he had
developed over a long time and which
became subjects of several of the other
papers published later in the same year —
ideas on dstatistical mechanics, relativity
and Brownian motion. Einstein started
thinking about the problem of black-
body radiation soon after Planck’s work
and was never quite satisfied with
Planck’s derivation of the black-body
formula. Applying the canonical ensem-
ble and the resulting equipartition theo-
rem to a collection of oscillators, he
showed that one gets Rayleigh-Jeans law
which agrees with Planck’s distribution
at low frequencies but cannot possibly be
vaid a high frequencies, since that
would lead to an infinite total energy. He
next showed that in the high frequency
limit the entropy of monochromatic radi-
ation has a form which is identica to an
ordinary gas composed of statisticaly
independent particles. This led him to the
guantum hypothesis, viz. radiation at
high frequencies is made of datigticaly
independent indivisible quanta, each with
energy proportional to the frequency.
Matter and radiation can interact only
through the exchange of these quanta
Everything then falls into place and phe-
nomena related to Stokes effect in
fluoroscence, ionization of gases by UV
light and of course, the photoelectric
effect follow after a few lines of algebra
In arriving at this conclusion he had used
his intensive study of the foundations of
statistical mechanics which he undertook
in 1902-1904. At the same time he was
thinking about the problem of Brownian
motion and developing methods for cal-
culating mean square fluctuations. He
was also thinking of the principle of rela
tivity, had abolished the ether, and had
realized (though probably did not prove
at that point) the equivalence of mass
and energy. Light thus appeared to him
as made of independent structures and he
took the bold step of applying the cano-
nical ensemble to radiation.

The above is an example of the kind
of insight one gets by reading John

Stachel’s  valuable book Einstein's
Miraculous Year. | had not read the pa-
per on quantum hypothesis earlier and
was therefore always under the impres-
sion that it was basically about the pho-
toelectric effect. It was revealing to find
out that the photoelectric effect was just
one of the consequences of a line of pro-
found thinking about the compatibility of
radiation and thermodynamics.

Students of physics seldom read origi-
na papers once they become standard
text-book material. In fact, it is very
often hard to read these papers. The sci-
entific language changes rapidly over the
years, the mathematics sometimes
changes and later expositions of great
pieces of work often turn out to be better
than the original papers. The five papers
of Einstein reprinted in this book are
striking exceptions to the genera rule.
All of these papers are very readable and
itisatrue revelation to read them.

Consider, for example, the paper on
specia relativity. Remarkably, this paper
continues to be one of the best exposi-
tions of the fundamentals of the theory. It
is in fact a thrilling experience to go
through the logica steps which led Ein-
stein to this semina work. It has been
generaly known at the turn of the cen-
tury that the presence of velocity-
dependent forces and the wave theory of
light implied that the principle of relativ-
ity has a basic conflict with the theory of
electrodynamics. The commonly acce-
pted resolution was Lorentz’'s micro-
scopic theory which gave a specia role
to the ‘ether’ rest frame in which Max-
well’s equations are valid. However, by
1904 Lorentz had invented the ‘Lorentz
transformations' for positions and time
and for components of the electric and
magnetic fields, so that Maxwell’s equa-
tions are identical in all reference frames.
This helped Lorentz to explain why the
motion of the earth through the ether
cannot be detected, as has been shown by
the experiments of Michelson and Mor-
ley. Einstein took a completely new app-
roach to the subject by taking the
principle of relativity as a basic principle
to be respected by al laws of physics. By
his profound analysis of the meaning of
simultaneity and the assumption of the
constancy of the velocity of light, he
could derive Lorentz transformations
from a fundamental principle, independ-
ent of the specific model from which
they first arose. All this is, of course,
well known. It is nevertheless instructive

to read the paper and marvel at its clarity
and depth.

The paper on Brownian motion is
another example of clarity as well and it
is interesting to realize how the general-
ity of his approach to the problem of
fluctuations was so intimately tied with
his work on the quantum hypothesis.

What makes this book outstanding are
the introductions written by Stachel to
each of these papers. They are marvel-
lous introductions which describe the
main logica steps and provide the his-
torical background in an integrated fash-
ion. This provides valuable perspective.
For example, the relationship of Ein-
stein’s work on relativity and quantum
hypothesis to that of his predecessors is
explained extremely well. | would spe-
cialy mention the introduction which
Stachel wrote for Einstein's paper on
specia relativity. One gets a rather clear
idea about what was known before this
paper and how Einstein’s approach revo-
lutionized our thinking. One also learns
what Einstein did not contribute, e.g. the
idea of integrated space-time which was
the contribution of Minkowski. While
the relation of Einstein’s work with that
of Lorentz is dedlt in detail, one gets the
impression that the same is not true
about the relationship with the work of
Poincaré. That would have certainly
made the treatment more compl ete.

Finally, the book contains a rather
thought-provoking preface by Roger
Penrose. You might not agree with some
of Penrose’s own opinions, but it is
neverthel ess interesting to read them.

It is often thought that it is not neces-
sary for scientists to study the history of
science. In fact, most scientists do not. A
look at this book will reveal how much
one can gain by taking history seriously.
The publication of an Indian edition of
John Stachel’s book is a very welcome
step. | would consider this as essential
reading for any serious physicist, mathe-
matician and, of course, historian of sci-
ence.
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