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PREFACE

Tre present report was written originally for the private use of
Messra. Adam Hilger, and was then, at theic iostance, amplified
and prepared for publication. But ewven with this extension it
will be found to contain a brief account of only the most important
contributions to the Quantum Theory of Spectra, a new field of
inguiry opened ooly six ot seven years ago by Niels Bohr, but
already very vast and rapidly prowing and ramifying in multiple
directions. It will, no doubt, scon call for a supplement. As it
is, however, it is hoped to be a helpful guide for those desiring to
enter upon this new and strangely fascinating line of thought and
investigation.

I take the opportunity of expressing my best thanks to Messrs.
Hilger for bringing me into closer contact with this refreshing new
line of thought of the modera spectroscopists. My thanks are also
due to my beloved teacher, Prof. Max Planck, and to my friend,
Prof. A. W. Porter, for reading the proof slips, and to Messms.
MacLehose for the indefatigable care they have bestowed upon
this book. L. &

Resparce DaeT. Anax Hircer, Lio.
Loxoos, February by, rgeo.
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REPORT ON THE QUANTUM THEORY OF SPECTRA.

1. The present report, which I shall attempt to bring up to date,
is based upon the reading and scrutiny of the following original
papers |

N. Bohr, Phal. Mag., <xvi, pp. 1-25, I9I3.

1.
2; = X X, 476-502, 1913,

3. ” i =xvi, Bg7-8B75, 1913,

4. i " xxvil, 500-524, IQI3,

4. xxix, 332-335, 19I5,

5. Th. Were1de Anmieu der Fhysik, xlix, o66-1000, IQIE,
54, " i, 11, 276-200, 1017 (three notes).

6. M. Planck, &4, 1 385 418, 1916,

7. P. 5. Epstein, n’r:d . 48g-520, 1916.

3. i B15-840, 1516,

g. F. Paschen id., DOT-040, [910,

10. A. Sommerield, A-am d. Phystk, i, 1-04, 1016,

1. i 125-157, IQI6.

11a. K. Ghlxcher ihid., lu 608630, 1017,

12. P. 5. Epstein, thid., li, 168-188, 1916,

13. K. F. Herzfeld, ibid., 261-234, 1916.

14. P. Ehrenfest, ibid., 327-352, 1916, :

15. N. Bohr, Dandisk Aead. Sc, IV, 1, Pacts 1 and II, pp.
I-100, IQIS.

16. M. Planck, Annalen der Physik, lii, pp. 491-505, and Lii,
Pp- 241-256, 1917, :

17. J. M. Burgers, #dd., pp. I55-202, IRI7.

8. H. A Kramers, Mémorres Acad. Sc., Copenkagen, Bth ser.,
iii, No. 3, pp. 287-334, 1010.

19. L. Silberstein, Phil. Mag., xoodx, January 1920,

These papers will, whenever the need occurs, be referred to by
the attached numbers [in square brackets|. In addition to this



2 THE QUANTUM THEORY OF SPECTRA

first-hand material may be mentioned Mr, J. H. Jeans' Repori on
Radiation and the Quantum Theory, Physical Society of London,
1914 (pp. iv+90), in which a few pages (pp. 50-57) are dedicated
to Bohr's elementary theory of line spectra. . Jeans' Report
may be recommended for a rapid and easy initiation into Planck’s
theory of quanta in connection with black-body radiation, the
knowledge of which 1 here presuppose, at least as far as its rudi-
ments are concerned, With regard to the nucleus structure of
the atoms (upon which all these spectrum theories are based) and
to the experimental evidence for such a structure, it is advisable
to consult Rutherford's papers, which are easily accessible (Phil.
Mag*) and as easily read. There iz no need for incorporating
here a description of Rutherford's worl,

2, The strong side of the quantum theory of spectra, as first
proposed by Bohr (1] and further developed by Sommerield and
others, consists in its very remarkable agreement with experiment,
which in certain diréctions can be traced even to minute details
of observations, such as the fine-structure of the * lines ' or groups
of Fowler's helium series; the weak side of the theory consists in
the heavy sacrifices it requires at the wery outset, 2g the
abandonment of ntherwise well-established principles of mechanics
and of electromagnetism, in addition tu'the radical innovation
inherent in the discontinuity of the wery comcept of Flanck's
quanturn (quantum of ‘action,’ that {5, ‘Wirkungsquantum "),
which i= one of the most eseeatial parts of the spectrum theory
under consideration. The agreement, however, is of such a
startling nature that the theory deserves, in spite of all these heavy
sacrifices, and notwithstapding its somewhat magically arithmetical
character, the greatest active interest of the modern physicist.
Moreover, some of the recsnt predictions of the new theory require,
for their experimental verification, a further refinement of spectro-
scopic apparatus and methods of observation, which soon may find
an echo in the optician’s workshop.

The best way to become acquainted with the fundamental
adsumptions,and with the chief results of the quantum theery
of spectra will be to consider, in some detail, the simplest atomic

* The chief of these papers is published in vol. xxi of Fhil. Mag. '[Iguj,
p- 0.



BOHR'S ASSUMPTIONS 3

system, to wit, the hydrogen atom, which—according to Ruther-
ford and his school—consists of a single electron (of mass m
and charge -¢) circling round a single positive suclens, i.e an
electric positive charge { +¢) contained in such 2 small volume that
it represents almost entirely the mass of the hydrogen atom.®

In Boht's first attempt at a spectrum theory [1, also 2, 3], the
¢lectrodynamic as well as the relativietic complications of the
motion are disregarded, and only the purely electrostatic attraction
between the nucleus and the electron is tazken into account. In
short, the motion is treated as ordinary Keplerian planetary motion
{inverse square law), well-known since the beginnings of Celestial
Mechanics. Moreover, to begin with, the mass of the nucleus is
treated as infinite, in comparison with that of the planet or the
electron, so that the vector equation of motion of the ¢lectron
is simply

3 &2

= L e (1}
¢ being the charge in ordinary or so-called 'irrational,’ electro-
static units, and resg, the vector drawn from the nucleus to the
electron, It js scarcely necessary to say that writing down (1) as
the equation of motion, the foree-component eorresponding to
electromagrietic radiation is disregarded,—as  already  stated.
But it is of importance to note that radiation is thus © disregarded *
not simply as a means of getting a first approximation, but it i3
disregarded radically, with purpose; it is saspanded, in virtue of a
postulate of the theory, precisely for the whole duration of validity
of this smooth, Newtonian motion. In other words, apart from
the small corrections due to relativity and'due to the finite mass
of the nucleus, the zbove equation {1) is assumed to hold rigoronsly,
and the electron i3 assumed #uof o radiate ot all while 3t describes
round the nutlens any of the Keplerian orbifs contained in (1).

And herein lies the chief of the sacrifices : the validity of Max-
wellian principles is denied to these electronic orbits; notwith-
standing that the motion of the electron is not uniform, it does not

* It will be hept in mind that *mass’ stands here for electromagoetic °
mass, and this is inversely proportomal to the radivz of the, say, spherical
charge. Thus, according to Rutherford, the Mnear dimensions of the
hydrogen nuclens would be about 1840 times smaller than those of an
#lectron, and, therefore, of the crder of 10~ ¢m,



