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1 UToORWz&EZ X, (304)

Classical mechanics has been developed continuously from the time of Newton and applied to an
ever-widening range of dynamical systems, including the electromagnetic field in interaction with matter.
The underlying ideas and the laws governing their application form a simple and elegant scheme, which one
would be inclined to think could not be seriously modified without having all its attractive features spoilt.
Nevertheless it has been found possible to set up a new scheme, called quantum mechanics, which is more
suitable for the description of phenomena on the atomic scale and which is in some respects more elegant and
satisfying than the classical scheme. This possibility is due to the changes which the new scheme involves
being of a very profound character and not clashing with the features of the classical theory that make it so
attractive, as a result of which all these features can be incorporated in the new scheme.

The necessity for a departure from classical mechanics is clearly shown by experimental results. In
the first place the forces known in classical electrodynamics are inadequate for the explanation of the
remarkable stability of atoms and molecules, which is necessary in order that materials may have any definite
physical and chemical properties at all. The introduction of new hypothetical forces will not save the
situation, since there exist general principles of classical mechanics, holding for all kinds of forces, leading to
results in direct disagreement with observation. For example, if an atomic system has its equilibrium
disturbed in any way and is then left alone, it will be set in oscillation and the oscillations will get impressed
on the surrounding electromagnetic field, so that their frequencies may be observed with a spectroscope.
Now whatever the laws of force governing the equilibrium, one would expect to be able to include the
various frequencies in a scheme comprising certain fundamental frequencies and their harmonics. This is not
observed to be the case. Instead, there is observed a new and unexpected connection between the frequencies,
called Ritz’s Combination Law of Spectroscopy, according to which all the frequencies can be expressed as
differences between certain terms, the number of terms being much less than the number of frequencies. This
law is quite unintelligible from the classical standpoint. (from Dirac, “THE PRINCIPLES OF QUANTUM
MECHANICS” )
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2 LUTORWZE 2 L. (305)

The first law of thermodynamics arose as the result of the impossibility of constructing a machine
which could create energy. The first law, however, places no limitations on the possibility of transforming
energy from one form into another. Thus, for instance, on the basis of the first law alone, the possibility of
transforming heat into work or work into heat always exists provided the total amount of heat is equivalent
to the total amount of work.

This is certainly true for the transformation of work into heat: A body, no matter what its
temperature may be, can always be heated by friction, receiving an amount of energy in the form of heat
exactly equal to the work done. Similarly, electrical energy can always be transformed into heat by
passing an electric current through a resistance. There are very definite limitations, however, to the
possibility of transforming heat into work. If this were not the case, it would be possible to construct a
machine which could, by cooling the surrounding bodies, transform heat, taken from its environment, into
work.

Since the supply of thermal energy contained in the soil, the water, and the atmosphere is
practically unlimited, such a machine would, to all practical purposes, be equivalent to a perpetuum

mobile, and is therefore called a perpetuum mobile of the second kind.

The second law of thermodynamics rules out the possibility of constructing a perpetuum mobile

of the second kind. In order to give a precise statement of this law, we shall define what is meant by a

source of heat of a given temperature.
A body which is at the temperature ¢ throughout and is conditioned in such a way that it can

exchange heat but no work with its surroundings is called a source of heat of temperature ¢. As examples of

this, we may consider bodies enclosed in rigid containers or bodies which undergo negligible variations of
volume. A mass of water which is at the temperature ¢ throughout may be taken as a source of heat, since its

volume remains practically constant.

We can now state the second law of thermodynamics in the following form:
A transformation whose only final result is to transform into work heat extracted Jfrom a source which is at
the same temperature throughout is impossible. ~ (Postulate of Lord Kelvin. )
The experimental evidence in support of this law consists mainly in the failure of all effoﬁs that have been
made to construct a perpetuum mobile of the second kind.

The second law can also be expressed as follows:
A transformation whose only final result is to transfer heat from a body at a given temperature to a body at a

higher temperature is impossible. (Postulate of Clausius. ) (from Fermi, “THERMODYNAMICS”)
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