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The Nobel Prize in Physics 1937
"for their experimental discovery of the diffraction
of electrons by crystals"
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The resistible rise of Emil Rupp (1926-1935)
JANUARY

“Interference Experiments
with Canal Rays”

Emil Rupp (1898) -“PhD summa cum laude” 1922 Philipp Lenard (Nobel Prize 1905)
Heidelberg
- “Habilitation” 1926
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Drahtgitter- Wire Grid Experiment
A. Einstein,
Naturwissenscahften 14
(1926), 300.

Einstein thinks that it is possible to distinguish between quantum (instantaneous) and
classical (extended in time) light emission.
A canal-ray beam passes at right angles to the optical axis of a lens. Light emitted by the
individual atoms in the beam is refocused on a grid of parallel wires at an equal distance
from the lens. Because of the transverse motion of radiating atoms, the light coming from
any individual atom will be alternately passed and blocked by the grid, thus producing
successive short wave-trains. By changing the velocity of the canal-rays, or using
different grid spacing, one could control the length and separation of the interfering wavetrains distinguishing between classical and quantum pictures of the emission process.

Einstein corresponds with Rupp on the matter of doing the experiment

May-October 1926

S. B. Preuss. 25
(1926) 334

Few months later Einstein had changed his
mind about the possibility of distinguish
between quantum and classical light
emission, because of Doppler effect.

“Spiegeldrehversuch – Rotating Mirror Experiment”
Einstein envisioned a new experiment. Because self-interference can occur only
for light emitted from one and the same atom, light emitted at different times
(therefore at different places) can produce interference fringes only if one of the
mirrors in the interferometer is slightly tilted. The rotation of the mirror
corresponds to a compensation for the Doppler effect of the moving atoms.
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Einstein corresponds with Rupp on the matter of doing the experiment

“ Wire Grid and Rotating Mirror Experiments”
Rupp reported (May-August) experiments using a grid and with the rotatedmirror.
In the first case he showed graphs indicating a periodic variation of fringe
sharpness as a function of the path difference between the two arms of the
interferometer.
In the second, he reported maximum fringe visibility, for a given path
difference between the two interferometer beams, when the rotatable mirror
was turned through the angle called for Einstein’s theory.
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Philipp Lenard (Nobel Prize 1905)

Johannes Stark
(Nobel Prize 1919)
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J. Van Dongen, HSPBS 37 (2007) 73
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S. B. Preuss. 25
(1926) 334

21/10/1926

E. Rupp, “Ǘber die
Interferenzeigenschaften
des Kanalstrahllichtes”
S. B. Preuss. 25 (1926) 341
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Rupp moves to Göttingen (1927)

Rupp responded, but von Hirsch found the response unsatisfactory
“If, in a difficult area of experimental research, differences of
interpretation arise, only unsparing criticism of the experiment can
provide the clarity that secures the basis for future work”. Rupp had
mentioned that the sets of figures in his paper were not the originals,
but had been assembled from separate photographs, superimposed
and then recopied. Hirsch remarked: “If an observation, which at the
best is at the extreme limits of measurability, is communicated
without giving the actual measured values, but only in a copied and
converted form, without review of errors, so that there is no standard
for exactness and certainty of the result, then this procedure is
inconsistent with the established principles of experimental physics”

H. Straub (PhD Student of Gerlach-1930) failed to find evidence for a
coherence length as large as 2 mm (the minimum for his apparatus) for the
Rotating Mirror experiment and rotation of one mirror had no effect. He
concluded that the experiment proposed by Einstein would be impossible
unless canal rays homogeneous in velocity could be produced.
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Emil Rupp moves from Göttingen to Berlin

M. v.Laue (Nobel Prize 1914)

VERY STRANGE!
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Dirac, Mott, Rupp and Electron Polarization

In 1928, Dirac published his
theory of electron, and the
question was raised whether
the effects of the magnetic
moment associated with the
electron spin could be
observed for free electrons
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P. A. M. Dirac (Nobel Prize 1933)

1928-1929
Negative Results
Also E. Rupp,
Z. Phys. 53, 548
(1929)
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N. F. Mott
(Nobel Prize 1977)

N. F. Mott. Proc. Roy. Soc. (London) A124, 425 (1929)
“DOUBLE SCATTERING EXPERIMENT”
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Mott (1929, and later 1931, 1932) calculated, on the basis of Dirac’s
theory of the electron, that there would be a forward-backward
asymmetry of approximately 10% in the double scattering of electrons
from heavy nuclei. Mott clearly specified the conditions that would have
to be satisfied in order to observe this effect. One had to double scatter
relativistic electrons at large angles ( 90º) from heavy nuclei (most
calculations assumed a nuclear charge Z approximately 80). The first
scatter would polarize the electrons and the second scatter would
analyze the produced polarization, giving rise to an asymmetry.

The earliest experiment that
discussed Mott’s calculation
was performed by Chase (1929).
He observed a 4% asymmetry in
the double scattering but
attributed it to a difference in
the electrons path.
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Rupp promptly picked upon this question.
Positive results were provided by experiments done by Rupp.
i)

1929 Rupp reported for double scattering at very small angles that the
polarization increased with increasing energy and that while gold
have an effect, beryllium did not; Chase noted that Mott’s theory
applied only to large-angle scattering.

ii) 1930 Rupp and Rupp and Szilard reported a positive result for a single
90º scatter followed by diffraction from a foil.
iii) Rupp’s 1932 experiment first scattered electrons at 90º from a gold
foil, followed by a 90º scatter from a gold wire. He found a 3-4%
asymmetry at an electron energy of 130 keV and an asymmetry of 910% at 250 keV.
iv) Dymond (1931) also reported a positive result, but one that was five
times smaller than the theoretical prediction.
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Arnold Sommerfeld
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SEGUE…
•
•
•

•

G.P. Thomson (1933), found no effect
.
Rupp (1934), this time using thallium vapor rather than gold targets, again
found a positive result.
.
Dymond (1934) published a full repudiation of his earlier positive results. He
concluded, "We are driven to the conclusion that the theoretical results are
wrong. There is no reason to believe that the work of Mott is incorrect;...
It seems not improbable, therefore, that the divergence of theory from
experiment has a more deep-seated cause, and that the Dirac wave
equation needs modification in order to account successfully for the
absence of polarization" .
.
G.P. Thomson (1934) published a comprehensive review of the field. He
reported no effects of the type found by Rupp and he found a forwardbackward ratio of (0.996 ± 0.01) in comparison to Mott’s prediction of 1.15.
Thomson also concluded that there was a serious discrepancy between
theory and experiment.
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Meanwhile….

Protons, Neutrons and Positrons

Rupp continued to be quick to seize on the newest developments,
and after doing his work on electron scattering he soon turned his
attention in other directions.
1932 saw the discovery of the neutron by Chadwick and of the
positron by C. D. Anderson.
In 1933, I. Curie and F. Joliot, L. Meitner, Chadwick, Blackett and
Occhialini osberved the emission of positrons from certain
elements when bombarded by alpha particles, neutrons and
gamma rays from laboratory sources.
Rupp described in details, 1934 in several papers, how he have
made positrons by bombarding lithium with energetic protons,
producing alpha particles, and allowing these to strike an
aluminium foil from which positrons emerged on the far side. He
claimed to have accelerated a beam of protons of 1 mA across a
vacuum gap of only 3mm at potential differences up to 500 kV.
Results better than those obtained in Rutherford’s laboratory at
Cambridge, the only place at the time that had an high-voltage
accelerator.
Rupp claimed also the first test of the De Broglie relationship for
protons!
S. Ossicini

Lange and Brasch at AEG Berlin discovered that the discharge tube used
in the Rupp’s experiment for positron showed no sign of use!
Rupp sought protection by the Director Ramsauer, who appointed a small
committee to supervise Rupp’s repetition of experiments, but shortly
thereafter Rupp said the discharge tube, oops!, had been broken.
Rupp is expelled from the Institute and obliged to make the matter public
in some way.
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E. Rupp, Z. Phys. 95, 801 (1935)
Announcement
As the result of an illness, about which the medical opinion below* gives
information, I find myself obliged to retract the following publications from the
year 1934:
Polarization of electrons by free atoms, Z. Phys. 88, 242 (1934)
Polarization of electrons in magnetic field, Z. Phys. 90, 166 (1934)
Investigations with artificially produced positrons, Z. Phys. 92, 485 (1934)
Investigations with artificially produced positrons, Z. tech. Phys. 15, 575 (1934)
Measurements of high voltages by means of electron scattering, Ann. Phys. 20,
594 (1934)
There exists no cause to retract earlier works either wholly or partially.
*Dr. E. Freiherr von Gebsattel :”The investigations showed that Dr. Rupp had
been ill since 1932 with an emotional weakness (Psychastenia) linked to
psychological semiconsciousness. During this illness, and under its influence,
he has, without being himself conscious of it, published papers on physical
phenomena (positrons, atomic disintegrations) that have the character of
‘fictions’. It is a matter of the intrusion of dreamlike states into the area of his
scientific activity. His complete recovery will certainly ensue”
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October

Einstein had given the wrong sense of orientation for the
tilted mirror. Error repeated by Rupp in his arrangement,
but which, he said, brought the fringes into view!
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A single letter of Ramsauer to
~20 distinguished physicists
condemned Rupp to the
oblivion
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Ein Interferenzversuch mit dem Lichte eines
Kanalstrahles
Annalen der Physik
Volume 424, Issue 7, Date: 1938, Pages: 577-592
H. Billing

H. Billing (Gerlach PhD Student) stated that,
when sufficiently homogeneous and parallel
canal rays are available, one could see
interferences to some 1.5 mm path difference
(two orders of magnitude less than Rupp) using
the rotation angle (with the right direction)
dependence predicted by Einstein.
So the Munich group ended up confirming
Einstein’s theory!
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Thus, at the end of 1939 there was a clear discrepancy between Dirac theory, as used by Mott, and the
experimental results on the double scattering of electrons. Yet the theory was not regarded as refuted. Why
was this? The reason is that, at the time, Dirac theory, and only Dirac theory, predicted the existence of the
positron (a positive electron). This particle had been discovered in 1932 and had provided very strong support
for Dirac theory. In comparison with this success, the discrepancy in electron scattering, along with another
small discrepancy in the spectrum of hydrogen, just did not have sufficient evidential weight. The unique, and
confirmed, prediction of the positron outweighed these discrepancies.
It isn’t easy to refute a strongly confirmed theory.
Interestingly, it was the experimental results that were wrong. In the early 1940s experimental work
showed that the way in which the experiments were performed during the 1930s had precluded the
possibility of observing the polarization effects predicted by Mott. In order to avoid problems with
multiple scattering the experimenters had scattered the electrons from the front surface of the targets.
Unfortunately this made the effects of plural scattering, a few large scatters rather than just one as
required by Mott, very large.
The symmetric plural scattering swamped the predicted polarization effect. When the experimental
apparatuses were changed to eliminate this problem the discrepancy disappeared. Mott’s theory was
then supported by the experimental evidence 14 years later!
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