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1.Fundamental hypothesis of quantum
theory .Canonical distribution of states



In quantum theory a molecule of a given kind can only exist 1n a dis-
crete set of states Zy, Zs, ... Zqu, -.., With (internal) energies £y, €2, ..
En, ..., apart from its orientation and translatory motion. If such
molecules belong to a gas at temperature 7, the relative frequency
W, of such states Zy is given by the formula

Wa = pnexp (— enfkT), (5)

which corresponds to the canonical distribution of states in statistical
mechanics. In this formula, A=R/N is the well-known Boltzmann
constant, and p, is a number, independent of 7" and characteristic for
the molecule and its #th quantum state, which can be called the
statistical ‘weight’ of this state. Formula (5) can be derived from
Roltzmann’s principle, or from purely thermodynamical considerations.
It expresses the most extreme generalisation of Maxwell's velocity-
distribution law.

The latest fundamental developments in quantum theory are con-
cerned with a theoretical derivation of the quantum-theoretically
possible states Z, and their weights p,. For the present basic inves-
tigation a detailed determination of the quantum states is not required.




2.Hypotheses on the radiative of
energy
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(a) Emussion of radiation. According to Hertz, an oscillating Planck
resonator radiates energy in the well-known way, regardless of whether
or not it is excited by an external field. Correspondingly, let us assume
that a molecule may go from state Z,, to a state Z, and emit radiation
energy em—en with frequency u, without excitation from external
causes. Let the probability dW for this to happen during the time
interval df, be

AW = A" dt, (A)

where A7 is a constant characterising the index combination under
consideration.

The statistical law which we assumed, corresponds to that of a
radioactive reaction, and the above elementary process corresponds
to a reaction in which only y-rays are emitted. It need not be assumed
here that the time taken for this process 1s zero, but only that this
time should be negligible compared with the times which the molecule

spends 1n states Z;, etc.



(b) Absorption of radiairom. If a Planck resonator is located in a
radiation field, the energy of the resonator is changed through the
work done on the resonator by the electromagnetic field of the
radiation; this work can be positive or negative, depending on the
phases of the resonator and the oscillating field. We correspondingly
introduce the following quantum-theoretical hypothesis. Under the
influence of a radiation density ¢ of frequency », a molecule can make
a transition from state Z, to state Z,, by absorbing radiation energy

em—€n, according to the probability law
dW = B}'p dt. (B)

We similarly assume that a transition Z,-—»Z,, associated with a
liberation of radiation energy &,—é&,, is possible under the influence
of the radiation field, and that it satisfies the probability law

dW = B" o dt. (B)

B™ and B®, are constants. We shall give both processes the name
‘changes of state due to irradiation’.
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I the mcident radiation bundie

produces the transition Zy-+Zy, by absorption of radiation, a momet-
tum (e =¢)Jc 15 transferred to the molecule I the direction of
oropagation of the beam. For the absorption process Zn->Zn the
momentum transfer has the same maguitude, but 3 in the opposie
direction, For the case where the molecule s acted upon simultaneously
by several radiation bundles, we assume that total energy en—en
associated with an elementary process is removed from, or added to
a single such radiation bundle. Thus here, too, the momentum trans-
ferred to the molecule 15 (e =ty
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3.Derivation of the Planck radiation
law
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4.A method for calculating the motion

of molecules in the radiation field
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5.Calculation of R
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6.Calculation of -A—-é
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7.Conclusion
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