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Who did really believe in Bohr's atom? 

The "Ultramikroskopie des Atominneren" of Peter Debye 

and the art of reinterpreting experimental results 
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Why Debye? 

 - Göttingen 1914-1920

 - "Debye-Bohr" hydrogen molecule

 - Debye-Scherrer experiment
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Attitude Did he really believe?

Bohr "It could be that I've found out a little bit about the structure of atoms. ...
If I'm right, it would not be the indication of the nature of a possibility
(like J. J. Thomson's theory) but perhaps a little piece of reality." 
[letter to Harald 19. 7. 1912, BCP]

well, only in the first version of his
theory (Rutherford memorandum) 
Ekin= K ν
concerning 1913 theory: 
   rather not

Rutherford "There appears to me a great difficulty in your hypothesis ... namely,
how does an electron decide what frequency it is going to vibrate ..."
[letter to Bohr 20. 3. 1914, BCP]

no, not really

Thomson kept on lecturing on atomic structure in 1914 and 1923 
– without any mentioning of quantum or Bohr

definitely not

Franck/Hertz saw only one energy difference, interpreted this as ionization definitely not, even after being told
that their experiment could be read
as confirming Bohr

Sommerfeld drawings in publications, letters and for exhibition model for 
Deutsches Museum

yes, 
  but in his typical non-exclusive way

Debye end 1914/Jan. 1915 Debye-Bohr model of hydrogen molecule
"Consequently if atomic models with electron rings ... have any
correspondence to reality, we must expect the atoms themselves to
show occasional interference patterns when irradiated with x-rays; these
interference cannot be obliterated entirely even though the atoms have
random orientation in space." 
[Zerstreuung von Röntgenstrahlen, Feb. 1915]

"Experiments ... showed the expected results."
[Debye/Scherrer, Interferenzen I, Dec. 1915]

yes, 
  and in a particular realistic way ...
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Franck-Hertz Experiment 1914

 - generally interpreted as best experimental 

confirmation of Bohr atom
 - but paper has "wrong" title 

 - Franck and Hertz maintained that they
would definitively not prove Bohr

 - experiment and apparatus has to be 
grouped into Lenard tradition
 (i.e. 1902 photo effect experiments)

cf. Giora Hon 1989/2003

 

 

 

Über Zusammenstöße zwischen 
Elektronen und den Molekülen 
des Quecksilberdampfes und die 
Ionisierungsspannung desselben, 
Verh. DPG 16 (1914), 457-467
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Model of Hydrogen Atom 
after Sommerfeld, built for 
the Deutsches Museum in 
1918

The Empty Atom on Display
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The origin of Debye's
"Ultamikroskopie des Atominneren"

 - Utrecht: thermal motion

1) Thermal motion does not limit the resolution of 

X-ray diffraction on crystals.

 - Göttingen: atoms (Rutherford, Nicholson, Bohr)

2) Random distribution of atoms does not obliterate 

X-ray electron ring diffraction patterns.
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Eine solche Untersuchung hat also die Bedeutung einer 
Ultramikroskopie des Atominneren.

Annalen:
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Ultramicroscope

 - 1903 build by colloid chemist Richard Zsigmondy 

and Zeiss instrument maker Henry Siedentopf

 - limits of microscopic resolution given by Abbe formula ~0,2 µm

not be be confounded with limit of visibility!

smaller objects can still be "seen" / made visible .. 0,005 µm

(i. e. their diffraction disks perpendicular to the illumination)

 - making visible (Sichtbarmachung), only at a price: 
forgo true depiction ("unter Verzichtleistung auf 
ähnliche Abbildung").

Richard Zsigmondy: Über 
Sichtbarmachung und Größenbestimmung 
ultramikroskopischer Teilchen ... 
Annalen der Physik 10 (1903), S. 1-39.

Kosmos 1913
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Paul Scherrer: 
Personal reminiscences, 
1962

Debye' research program ~1915
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The Debye-Scherrer Camera

doing the experiments

The first diffraction photographs, with paper 
and charcoal as the scattering substances, 
showed no diffraction effects.

This prompted me to construct a metal X-ray 
tube, water-cooled and with copper target. The 
tube remained connected to the rotating Gaede 
mercury pump. An aluminium window, l/20 mm 
thick, permitted the rays to emerge. I also 
constructed a cylindrical diffraction camera, of 
57 mm diameter, with a centering head for the 
sample...

Debye and I were most surprised to find on the 
very first photographs the sharp lines of a 
powder diagram, and it took us not long to 
interpret them correctly as crystalline 
diffraction on the randomly oriented micro-
crystals of the powder. The diffraction lines 
were much too sharp than that they could have 
been due to the few scattering electrons in each 
single atom... Scherrer 1962
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experiment vs. belief I.
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experiment vs. belief I.
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experiment vs. belief II.
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The Debye-Scherrer story

The art of adjusting ones aims I

 - Debye and Scherrer kept firmly to their initial conviction of picturing electron rings 

 - experiments brought different/contradicting results but initial aim was extended to
    even better further investigations

 - language is telling! 

 - drastic changes of interpretation appear as new points of view is "not completely" 
   the same as before

 - localized claims:  some claims in Debye-Scherrer papers appear in the Göttinger
   Nachrichten much stronger than the version in the Annalen or Zeitschrift für Physik

 - in June 1917 Debye condluded from analysis of X-ray spectra: 

"All atoms (except the very first) contain round the nucleus a first one quantum ring
 that consist of three electrons."
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The Debye-Scherrer story

The art of adjusting ones aims II

 -  the third communication of Debye-Scherrer ( Dec. 1917) replaces

"ultramicroscopy of the interior of the atom" 

by "ultramicroscopy of the interior of the molecule" 

 -  insight into the atom still vindicated, missing results blamed on insufficient 
    equipment due to the war

 - famous 1918 KWI grant application endorsed by Planck and Einstein
still old rhetoric

 - otherwise powder method had become primary

 - Debye-Scherrer camera donated to the Deutsches Museum in 1920 became
 "camera for photographs of powder diagrams with X-rays"

 - 1928 Handbuch der Experimentalphysik refers to Debye-Scherrer III only
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Who did really believe in Bohr's atom? 
 1928

1929

flip-book from Max Born: 
The restless universe, 1935
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The Bohr and the public anomalies

The Bohr anomaly during the first world war

 

The public anomaliy after the first world war

Reports on the Bohr atom appeared in Weimar Germany in wider-circulating journals, 
in science museums and even received coverage in the early radio program

The Bohr atom did resonate well with public demands for knowledge

"... we should not fail to recognize that, for all its novelty, 
Bohr's semiliteral model was a late product of Victorian 
physics. Its conservative features and initial triumph may 
have shunted away other, more radical approaches to which, 
in the event, the postwar revolutionaries took recourse.
... During the first world war the theory developed rapidly in 
absence of natural competitors" 
Heilbron, Am. J. Phys. 1981
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1925
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