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Early career

1868 Born in Königsberg

1886-1892 Königsberg, University
Studied mathematics, physics and
natural sciences

1892-1897 Göttingen, University
Assistant of Th. Liebisch (mineralogy)
Assistant of F. Klein (mathematics)
Privatdozent

1897-1900 Clausthal, Bergakademie
Professor of mathematics

1900-1906 Aachen, Technische Hochschule
Professor of mechanics

Since 1906 München, Universität
Professor of theoretical physics



Becoming the „quantum pope“ (1909-1928)

1911 Solvay Congress

1915-1916 Extending Bohr's model

„I do not believe I have ever read 
anything that gave me
so much pleasure“ (Bohr)

1919-1924 Atomic Structure and Spectral Lines

„Today, it is the Bible of the
modern physicist.“ (Born)

„St. Sommerfeldus...
 the quantum pope.“ (Ehrenfest)

1928 Wave Mechanics



Wave mechanics and politics (1929-1951)

1929-1933 Propaganda for wave mechanics

1937 Sommerfeld as a „White Jew“

„The Jewish spirit is certainly most 
clearly recognizable in the field of 
physics... 

1938 Wave Mechanics (2nd edition)

1939-1945 Sommerfeld's successor

1948 Oersted medal

„His Ergänzungsband, the second 
volume of Atomic Structure and 
Spectral Lines, was perhaps the 
most influential of the early scholarly 
interpretations of wave mechanics.“



Sommerfeld's favorite problem: 
bremsstrahlung

„... everybody has certain domains which they think are their own 
and they want to work in them pretty undisturbed and an example of 
that was Sommerfeld's never-dying interest in the continuous x-ray 
spectrum...“

(Otto Laporte, AHQP-interview)



1909: Sommerfeld elaborates the classical ,,bremstheory“ as an 
argument against the light quantum hypothesis  



„You will, as I hope, persuade yourself that the Bremstheorie (theory of 
braking) of x rays yields everything by itsself for which you employ the (still 
rather hypothetical and uncertain) light quantum theory. Not that I doubt the 
importance of the quantum of action. But the way in which you elaborate it 
appears not only to me but also to Planck very daring.“

(Sommerfeld to Stark, 4 December 1909)



„I am old-fashioned enough to resist for the 
present Einstein's view of the light quanta. I 
assume that you will also not like Stark's 
light quanta, against which I have recently 
spoken up.“ 

(Sommerfeld to Lorentz, 9 January 1910)

„For a long time nothing in physics 
impressed me so strongly as your work on 
the energy distribution of x rays over the 
various directions.“

(Einstein to Sommerfeld, 19 January 1910)



1911: the h-hypothesis  

length of acceleration

E τ = h

duration of acceleration



„The most important progress appears 
to me your extension of the meaning of 
h for unperiodic processes. I find your 
procedure extremely congenial and 
promising also for the future.“

(Planck to Sommerfeld, 6 April 1911





 

„It appears to me more preferable to adopt the 
opposite view, not to try to derive h from 
molecular dimensions, but to consider the 
existence of molecules as a consequence of 
the existence of a quantum of action. An 
electromagnetic or mechanical explanation of 
the quanta of action seems to me as unlikely 
as the mechanical explanation of Maxwell's 
equations...

(…)

The theory can satisfy in the present form only 
if these consequences are confirmed 
quantitatively. Experiments to this end are 
prepared in my institute.“

(Sommerfeld, Solvay-Proceedings)





[Accumulation orders of magnitude time 
shorter than predicted by the h-hypothesis 
(Sommerfeld/Debye 1913)]

(Marx/Lichtenecker 1913: Experimentelle 
Untersuchung... p. 160)

„The view, as if in such experiments an 
accumulation of energy documents itself in 
the structures (resonators) that emit 
electrons, has therefore to be refuted.“ 

(Meyer/Gerlach 1914: Über den 
photoelektrischen Effekt... p. 205)

I do well remember from earlier years the 
work of Marx and Lichtenecker about the 
duration of the photoelectric process, 
which was clarifying  for the discussions 
about the quantal and classical energy 
transfer.

(Sommerfeld to Pöschl, 10 May 1927)]



Winter semester 1920/21: 

Sommerfeld's special lecture on „Theory of 
X-rays“

Then he [Sommerfeld] said the first part of 
the semester would be devoted to the 
classical theory of the radiation of a 
decelerated body and the second part of 
the semester would be devoted, with Dr. 
Pauli's help, to the quantum theory. 

(Laporte, Interview with T. S. Kuhn, AHQP)

Sommer semester 1922: 

Kulenkampff's presentation in Sommerfeld's 
colloquium „On the Continuous X-ray 
Spectrum“ 

1920-1924: Bremsstrahlung on the eve of quantum mechanics 



„Kramers has a very nice theory of the 
continuous x-ray spectrum. The approach 
is exactly the same as the one I have 
made then... He is writing a paper in the 
Phil. Mag.“

(Pauli to Sommerfeld, 6 June 1923)

„Wentzel insists, as Laporte did, that this 
[Bremsstrahlen] was always a very lively 
subject of interest at Munich, dating back 
to Sommerfeld's early classical theory on 
the subject. Wentzel also remembers that 
he did not at all like Kramers' treatment of 
the subject, and wanted very much to try to 
improve upon it.“

(T. S. Kuhn, Interview with Wentzel, AHQP



It has often been discussed how Bohr's 
correspondence principle could be extended 
from line spectra to continuous spectra. 
Mathematically it deals with the transition 
from Fourier series to Fourier integrals, from 
the periodic to the unperiodic system. To the 
simplest periodic system, the elliptic motion 
of an electron around the nucleus, as it is 
realized in the hydrogen atom, corresponds 
as the simplest unperiodic system the 
hyperbolic motion around the nucleus. This 
is the motion of cathode rays in the atoms of 
an anti-cathode that is regarded as 
responsible for the emission of the Röntgen 
bremsspectrum. This analogy between 
Balmer spectrum and bremsspectrum led 
Sommerfeld and Pauli [in the winter 
semester 1920/21] to the following 
consideration... 

(Wentzel, Zeitschrift für Physik, 1924)



„The attempt was to quantize the hyperbolic motion. ... The fact that the Fourier 
decomposition of a classical motion had something to do with the radiation was 
clear because Bohr's correspondence principle was always being used ... H as a 
function of all the J's, then the partial of H with respect to a J gives you omega, 
and that's the classical analogue of the Bohr frequency relations; we made a great 
deal of that and that was regarded as something very, very sacred...“

(Laporte, Interview with T. S. Kuhn, AHQP)

„The magic power of the correspondence principle has generally proved itself... 
The principle has become the guide for all recent discoveries of Bohr and his 
pupils. Nevertheless I cannot regard it as satisfactory, not least because of its 
mixture of quantum-theoretical and classical viewpoints. I would like to regard the 
correspondence principle as a particularly important consequence of a future 
accomplished quantum theory, but not as its foundation.“

(Sommerfeld, Naturforscherversammlung Innsbruck, 1924)



Sommerfeld‘s „Pacific Problem“ 
„... I had a nice young man, Sugiura, as 
assistant (I called him my Secretary of Finance). 
He accompanied me everywhere and payed for 
railway travels on higher order.“ 

(Sommerfeld to his wife, 24 December 1928)

„Begin work on bremsstrahlung, after discussion 
with Sugiura. Looks promising but complicated.“

(Sommerfeld, entry in his travel diary, 29 
December 1928)

„I am deeply immersed in a very beautiful work 
which I have begun in the Pacific.“

(Sommerfeld to his wife, 27 January 1929)

„Otherwise I was very busy this week with my 
Pacific problem which is worth the effort.“

(Sommerfeld to his wife, 3 February 1929)



„I am delighted to hear from Prof. Herzfeld that you can come to the Conference 
at Tuxedo on April 15th. The Conference is being given in your honor and in the 
honor of Prof. Ornstein, and I am expecting about ninety physicists.“

(Loomis to Sommerfeld, 11 February 1929)

„My interest in Green's function for the oscillation equation is revived anew 
because I found it suitable for the wave-mechanical diffraction problem. The work 
has begun in the Pacific and is slowly approaching its end.“

(Sommerfeld to Landé, 15 February 1929)

„ ... next to me is a paper for the National Academy in Washington which I just 
finished, as result of my Pacific and Californian leisure.“

(Sommerfeld to his wife, 10 March 1929)

„Mr. Loomis, the host of 30 guests and 110 visitors who attended the lectures 
today … is a Wallstreet man and physicist, very nice, also his wife and his boys. 
Of course I had to deliver one of the lectures today and of course I had to perform 
music yesterday evening (together with a cello player).“

(Sommerfeld to his wife, 15 April 1929)



„When I crossed the Pacific, I tried to 
account for the angular distribution of 
intensity in the experiments of 
Kulenkampff and to understand the 
difference between these and the 
former experiments with thick anti-
cathodes. This task has turned out to 
be rather a long one. I shall report here 
the first steps in this direction; the main 
discussion of Kulenkampff's angular 
distribution of X-radiation is given in a 
paper presented to the National 
Academy of America...“

(Sommerfeld in Journal of the Franklin 
Institute, November 1929)  



„ ... a number of informal colloquia to be 
held during the Washington meetings of 
the Physical Society and the National 
Academy, April 18-24. ... Now we are 
asking you if it would be possible for you 
to give a talk there, too, on any subject 
you would see fit — perhaps on your 
theory of the continuous X-ray spectrum.

(Laporte to Sommerfeld, 3 April 1929)

„I have the honor to inform you that you 
were elected a Foreign Associate of the 
National Academy of Sciences at its 
Annual Meeting held in Washington from 
April 22 to 24, 1929.“

(Millikan to Sommerfeld, 24 April 1929)



I would like to add a remark about the 
continuous x-ray spectrum because I 
learned from your last letter to Scherrer 
that you are occupied with this. Mr. 
Oppenheimer has accomplished a paper 
on this subject with me here in Zurich 
which is in print at the Zeitschrift für Physik 
for some time. Assuming Hydrogen-like 
eigenfunctions he has elaborated with 
irreproachable methods everything which 
one can wish about this subject. We had 
not many experimental data; what is 
available is rather complicated because of 
the braking processes in metals. If 
Kulenkampff has new results from very thin 
foils this would be wonderful. Hopefully this 
work does not interfere with your own 
working plans, all of us would be very sorry 
about that!

(Pauli to Sommerfeld, 16 May 1929)





„Consider the problem of the continuous x-ray spectrum, i. e. the 
Bremsstrahlung, as I call it since more than 20 years. It is very instructive to 
compare the older treatment of this problem, based on classical notions, with 
the modern treatment based on wave mechanics.

The primitive treatment made use of particular hypotheses which were 
completely arbitrary. One had to assume, for example, that the electrons 
which were shot against the anti-cathode were stopped at the end of a 
determined path, straight and in the direction of the impingement; furthermore 
it had been assumed that their velocity was uniformly diminishing to zero in 
this braking process. The nature of the emitted radiation, as well as its 
polarization, depended essentially on these arbitrary assumptions.

When one treats the same problem by the new methods, every hypothesis of 
this kind becomes superfluous. ...“

(A. Sommerfeld: Sur quelques problèmes de mécanique ondulatoire. Annales 
de l'institut Henri Poincaré, 2 no. 1 (1932), p. 1-24)

Problems and Principles



Extension of bremsstrahlen theory in 
Sommerfeld's school

O. Scherzer: Über die Ausstrahlung bei der Bremsung von Protonen und schnellen 
Elektronen, Annalen der Physik, 1932

A. W. Maue: Das kontinuierliche und kontinuierlich-diskrete Röntgenspektrum nach der 
Theorie von Kramers und nach der Wellenmechanik. Annalen der Physik, 1932

F. Sauter: Zur unrelativistischen Theorie des kontinuierlichen Röntgenspektrums, Annalen 
der Physik, 1933; Zur stationären Behandlung der elastischen Streuung sehr schneller 
Elektronen, Zeitschrift für Physik, 1933

H. Bethe/W. Heitler: On the Stopping of Fast Particles and on the Creation of Positive 
Electrons, Proc. R. Soc. Lond. A 1934

A. Sommerfeld/A. W. Maue: Über den Bremsverlust von Kathodenstrahlen beim Auftreffen 
auf Atomkerne, Annalen der Physik, 1935

G. Elwert: Verschärfte Berechnung von Intensität und Polarisation im kontinuierlichen 
Röntgenspektrum, Annalen der Physik, 1939

A. Sommerfeld: Atombau und Spektrallinien. II. Band, 1939



The Bethe-Heitler calculation of photon production (called by its German name, 
"bremsstrahlung") and pair production was the most important achievement of 
QED in the 1930's. The calculation was a tour de force of analytical skill, and it 
explained quantitatively the observations of cosmic-ray showers, in which high-
energy electrons passing through the atmosphere generated a multitude of 
lower-energy electrons, positrons, and photons traveling together in the same 
direction.

(Freeman Dyson in Hans Bethe and his Physics, 2006, p. 161)

Apart from the interest in the nature of the process itself, there are a variety of 
reasons why the bremsstrahlung process occupies such an important place in 
physics. Firstly, the process is related to the fundamentals of the theory since it is 
a consequence of the general coupling of the electromagnetic field and matter 
fields. Therefore bremsstrahlung appears in nearly all branches of physics: 
atomic and nuclear, solid-state and elementary-particle physics. Moreover, 
bremsstrahlung is an important tool in many areas of experimental research, in 
the field of astrophysics, and it has a wide range of technical applications.“

(E. Haug/W. Nakel: The Elementary Process of Bremsstrahlung, 2003)



Miller, WC, Waldman,B: An Investigation of Bremsstrahlung by Means of the 
Nuclear Isomerism of Indium. Phys. Rev. 75 (1949)

Bethe, HA, Maximon, LC: Theory of Bremsstrahlung and Pair Production. 1. 
Differential Cross Section. Phys. Rev. 93 (1954)

Dolan, JF: Polarization of Celestial X-Rays. Space Science Reviews 6 (1967)

Bostick, WH, Nardi, V, Prior, W: Production and Confinement of High-Density 
Plasmas. Annals of the New York Academy of Science 251 (1975)

Haug, E, Elwert, G, Rausaria, RR: Effect of Electron-Energy and Angular-Dispersion 
on Hard X-Ray-Polarization During Solar Flares. Astronomy & Astrophysics 148 
(1985)

Baer, H, Cheung, K, Gunion, JF: Heavy Gluino as the Lightest Supersymmetric 
Particle. Phys. Rev. D 59 (1999)

Strumia, A: Dark Matter Interpretations of the Cosmic-Ray e(+/-) excesses. 
Theoretical and Mathematical Physics 170 (2012)

The cosmic-ray excess observed by PAMELA in the positron fraction and by FERMI 
and HESS in e(-)+e(+) can be interpreted in terms of dark matter annihilations or 
decays. We summarize the main possibilities and their possible tests.
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Sommerfeld's bremsstrahlung paper in 
retrospect
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