Copyright

c

1

2013, Tomas Bohr and Benny Lautrup

Referee report [anonymous]
Author: N. Bohr
Title: Dr. phil.
Aliation: Copenhagen, Denmark
Manuscript: On the Constitution of Atoms and Molecules
Submitted: April 5, 1913
The structure of the atom has in recent years been the subject of
considerable interest. In the theoretical model proposed by J. J.
Thomson [Phil. Mag. vii, p. 237 (1904)], the atom is seen as rings of
circulating negatively charged electrons situated inside a uniformly distributed positively charged sphere. In the present article, the
author introduces a Keplerian planetary model of the atom in which
the negatively charged electrons circle around a positively charged

nucleus.

This model is inspired by the recent discoveries by Rut-

herford and collaborators on scattering of

α-particles

through large

angles, which demonstrate that matter must contain extremely small
and dense electrically charged objects.
As Larmor showed in 1897, an accelerated electrically charged
particle will always emit electromagnetic radiation. In the planetary model, the energy of this radiation can only be taken from the
electron, which therefore continuously spirals inwards until it merges
with the nucleus. The conclusion is that the planetary atom must
be unstable from the outset.
But instead of rejecting this model, the author daringly postulates that the undisturbed electron can remain in a set of discrete
orbits, called stationary states, without emission of electromagnetic
radiation, and that a transition of the electron between two such orbits is accompanied by emission of a single Planck energy quantum
carrying the dierence in the electron's binding energies in these
orbits. A large part of the paper presents arguments for the basic
assumption that the frequencies of the spectral lines are determined,
not by corresponding mechanical frequencies of the system, but by

dierences

in energies between the stationary states. This assump-

tion is in stark contrast to ordinary electrodynamics, but the author
shows that it can account for the discrete spectral lines of the substances and that it does not contradict ordinary electrodynamics in
cases where that is known to work, such as the treatment of atoms
in highly excited states or free electrons.
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The crucial result in favour of the present atomic model is the
derivation of a mathematical relation for the transitions between
the discrete non-radiating atomic electron orbits and the precisely
known discrete line spectra of the elements, in particular for hydrogen. The author thus establishes a relation between the BalmerRydberg constant and the fundamental natural constants, i.e., the
charge

e and mass m of the electron, and the quantum of action h

introduced by Planck. In addition, he predicts several new spectral
lines in hydrogen and, most importantly, that the lines observed by
Pickering in the spectrum of the star
drogen, do

ζ

Puppis, and ascribed to hy-

not derive from hydrogen but from ionized helium. This

seems somewhat unlikely in the light of the existing experimental
evidence since these lines have so far not been seen in the helium
spectrum. It is, however, an issue that can be settled by experiment,
and it must be expected that the publication of the present paper
will soon lead to such experiments.
The new postulates put forward by the author introduce discrete
(i.e. integer) numbers into otherwise continuous mechanical systems
in a quite unexpected way. The author uses this qualitative feature
of the theory to argue (p. 14, bottom) that one might expect an
absolute agreement between the values calculated ... and not only
an approximate agreement. This is a strong claim with far-reaching
consequences related to the exact identity of two systems in the same
stationary state, such as two hydrogen atoms in the permanent state,
which is completely foreign to ordinary mechanics.
The assumptions made by the author are very radical and it is
hard at present to judge their validity. The author does not try
to conceal this fact, but writes explicitly (p. 15, top) that there obviously can be no question of a mechanical foundation of the
calculations given in this paper and further (p. 15, a few lines below)
uses the word symbol about the angular momentum to emphasize
that its meaning might not be fully in agreement with our present
dynamics.
In spite of the radical views presented here - postulating a breakdown of Newton's mechanics and relating it to Planck's modication
of Maxwell's electromagnetism - it is recommended that this paper
should be published, because of its concrete numeric results and
its carefully reasoned theoretical analysis. Although the validity of
the theoretical foundations is hard to assess at present, the paper
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contains a number of precise predictions, which can be tested by
experiment and may quickly determine, whether the path chosen by
the author is a fruitful one.
Before publication the author is, however, asked to consider the
following comments, which might lead to some revisions in the paper. In this spirit it is pointed out that the author has not given a
complete aliation. Is the referee correct in assuming that it should
be

Den Polytekniske Læreanstalt?

Questions and comments to the author
p. 1 (top):

The author claims that the atom consists of a po-

sitively charged nucleus surrounded by a system of electrons kept
together by attractive forces from the nucleus, citing E. Rutherford
[Phil. Mag. xxi, p.669 (1911)]. In this article Rutherford explicitly
emphasises that his experiment does not determine the sign of the
central charge. Neither does he use the word nucleus to denote the
object carrying the central charge. In the recent article by Geiger
and Marsden (1913), also cited by the author, it is likewise explicitly
stated that the sign of the central charge has not been determined.
The model presented in the present paper appears to reect the
author's own views on the structure of the atom.

p. 4 (bottom):

To arrive at the stationary states, the author wri-

tes: Let us now assume that, during the binding of the electron a
homogeneous radiation is emitted of a frequency

ν , equal to half the

frequency of revolution of the electron in its nal orbit. This is a
very abrupt introduction of a very specic, and seemingly arbitrary,
assumption of great consequence. It is slightly confusing since one
of the author's key points is that the frequency of the emitted radiation is

not

given by a dynamical frequency in the system. The

author elaborates on this issue several times later, and should consider introducing some of the material from 3 already at this place,
thereby motivating the postulated form of Eq. (2) better.

p. 5 (middle):

It is claimed that the non-radiating atomic states

are stationary as long as the system is not disturbed from outside. If this were rigorously true for even the most distant electron
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orbits, it would not be possible to establish a complete correspondence between the radiation emitted from such states and the observed Larmor radiation from accelerated charged particles, which is
known to occur without external disturbances. Could it be that the
stationary states are actually quasi-stationary and eventually and
spontaneously must emit radiation and decay to deeper states until
the lowest, truly non-radiating permanent state, is reached?

p. 7 (postulate (2)):

Can the author give some indication of the

process by which an electron jumps from one stationary state to another. How long time does this take? How can the radiation emitted
be

homogeneous,

i.e. of a single frequency? Would this not require

an innite time for the electron to make the jump?

p. 9 (middle):

One of the key results of the paper is the theoretical

derivation of the Balmer-Rydberg spectrum for hydrogen. In fact, as
shown in the high resolution experiments by Michelson and Morley
[American Journal of Science 38, 181 (1889)], the red Hα line is
actually a closely spaced doublet. How can this be understood within
the proposed model?

p. 11 (top):

As mentioned above, the author predicts that the

Pickering lines observed in mixtures of hydrogen and helium but not,
so far, in pure helium, are actually due to helium and not, as believed
up to now, to hydrogen. This requires that the helium in question
is ionized by the loss of one of its two electrons. The author argues
that Hydrogen atoms can acquire a negative charge; therefore the
presence of hydrogen in the experiments of Fowler may eect that
more electrons are removed from some of the helium atoms than
would be the case if only helium was present. It seems unlikely
that hydrogen atoms in the hydrogen-helium mixtures will be able
to capture an electron from the helium atoms. By the arguments
used by the author, the outer electron of helium should be bound
by an energy comparable with or larger than that of the permanent
state of hydrogen, whereas the outer electron in negatively charged
hydrogen should be extremely weakly bound.

p. 13:

By introducing the more general relation

W = f (τ )hω ,

the author shows that the assumption Eq. (2) made earlier can be
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obtained from the correspondence between the theory proposed by
the author and classical electrodynamics, which should remain valid,
when the atom becomes very large, i.e., when the integer

τ

that

describes the level of excitation of the level becomes large. This is
done by showing that for a linear
xes the value of the constant
Eq. (2). The

c

f (τ ) = cτ ,

this correspondence

to 1/2, precisely as postulated in

linearity of f (τ ) is, however, inferred from the observed

spectra, i.e., the Balmer spectrum. Can a more basic theoretical
explanation be given?

p. 16 (middle):

In the section on

absorption

of radiation, the aut-

hor writes From the circumstance that certain substances in a nonluminous state, as, for instance, sodium vapour, absorb radiation
corresponding to the lines in the line-spectra of the substances, we
may, on the other hand, conclude that the lines in question are
emitted during the passing of the system between two states, one
of which is the permanent state. It is not clear what the lines in
question represent?

p. 17 (middle):

The author writes  E

= hν ,

where

E

is the die-

rence between the total energy of the system in the two states. The
use of the symbol

E

for energy is unfortunate since the author has

already used it for the charge of the nucleus.

p. 19 (below middle):

The author writes that the bound electron

by the collision could not acquire a less amount of energy... and
similarly lose a less amount. Here the word less could perhaps
better be replaced by smaller.

p. 20 - 23:

In 5 the author discusses atoms with more than one

electron and in particular introduces a model of

n electrons rotating

in a ring similarly to the models used by Thomson [loc. cit.]. This
seems a somewhat arbitrary choice, since one might expect models
with nearly spherical electron distributions to be at least as relevant
(as noted by Thomson). For such cases the separation of the stability
problem into those in the plane that cannot be treated on the basis
of ordinary dynamics and thus secured by the universal constancy of the angular momentum (p. 23), and those out of the plane,
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can be treated by ordinary dynamics, becomes untenable. All

in all, the author is advised to defer the discussion of these more
complicated atoms to Part II, which is announced on p. 21.

p. 21 (middle):

The author writes: corresponding to the motion

of an electron in an elliptical orbit round the nucleus, there will be a
motion of the

n electrons

in which each rotates in an elliptical orbit

with the nucleus in the focus, and the

n

electrons at any moment

are situated at equal angular intervals on a circle with the nucleus
as the centre. Does this mean that the circular ring is breathing,
i.e. time dependent? If so, what is the consequence of introducing
explicit time-dependence into the stationary states?

p. 23 (bottom) - 24 (top):

Could the author explain more clearly

why the assumption that the radiation is only scattered and not fully
absorbed, means that one gets agreement with Nicholson, i.e., that
the radiation lines correspond to dynamical frequencies in the system? In particular, the sentence If the above assumption is correct,
we immediately understand the entirely dierent form for the laws
connecting the lines discussed by Nicholson and those connecting
the ordinary line-spectra considered in this paper, is not clear to
this referee.

General:

Compared to the atomic model of J. J. Thomson [loc.

cit.], the planetary atom described here appears to endow the electrons
with velocities that are much larger, about one 137th of the speed of
light for the permanent state of hydrogen. Can the author indicate
a possible way to determine these velocities by experiment?

