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Models

Perrin atomic model, 1901

Lenard/Becker atomic model, 1904

Stark atomic model for band spectra, 1908 / 1912

Bohr drawings of atoms and molecules, 1912

Sommerfeld/Fajans/Thiersch drawings and material model 1918

Bohr/Kramers/Holst plates on structures of atomic elements ~ 1921

Pauli model of hydrogen molecule ion, ~ 1922

Bragg/Hartree material models of atoms and ionic crystals thereof, ~ 1923

Kirchberger's Bohr+Schrödinger model, 1928

White's photographs of (simulated) electron clouds, 1931



  
Arne Schirrmacher | HQ 3 Berlin | June 29, 2010 5MPIWG

metaphors – analogies – models: the Boyd-Kuhn debate (1979)

Boyd
"metaphorical expressions constitute, at least for a time, an irreplaceable part of the 
linguistic machinery of a scientific theory: cases in which there are metaphors which 
scientists use in expressing theoretical claims for which no adequate literal paraphrase is 
known."

"one can say exactly in what respect Bohr thought atoms were like solar systems without 
employing any metaphorical device, and this was true when Bohr's theory was proposed."

Kuhn 
"Bohr and his contemporaries supplied a model in which electrons and nucleus were 
represented by tiny bits of charged matter interacting under the laws of mechanics 
and electromechanic theory. That model replaced the solar system metaphor but not, 
by doing so, a metaphor-like process."

"… even when that process of exploring potential similarities had gone as far as it could (...) 
the model remained essential to the theory. Without its aid, one cannot even today write 
down the Schrödinger equation for a complex atom or molecule, for it is to the model, 
not directly to nature, that the various terms in that equation refer."

* models like the Bohr atom provide an "interactive, similarity-creating process" 

"Models are not, however, merely pedagogic or heuristic. They have been too much 
neglected in recent philosophy of science."
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Why models?

a la Hacking

models have a life of their own

Margaret Morrison: Models as autonomous agents
(1998/99)

"(1) that it is models rather than abstract theory that 
represent and explain the behaviour of physical systems 
and 
(2) that they do so in a way that makes them 
autonomous agents in the production of scientific 
knowledge."

models "occupy a separate domain of scientific 
investigation" 
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as (material) representations of mental models

Renn, Sauer, Büttner, Schemmel …
(2000, 2007)

"Mental models can, as a rule, be externally represented 
by material models which also serve as the element of 
continuity in their transmission.."

"The backbone of the long-term transmission of mental 
models is the transmission of their material counterparts"

"characterized by a remarkable longevity across 
historical breaks as becomes clear when considering 
such examples as the mental model of an atom, of a 
balance, of the center of gravity or of positional weight."
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Are there long-term histories of mental/material models
 
in the history of genesis and development of quantum theory?

I.  the virtual oscillator

II. the planetary model
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I. The Virtual Oscillator

 - classical wave theories of light: infinite number of VOs (ether)

 - Zeeman effect: Lorentz identifies atom with collection of VOs 

 - Drude: matter as collection of VOs with different charges

 - Ritz' combination principle derived by Voigt & Riecke method with sets of VOs

Rydberg constant as a universal constant 

 - Planck's resonator: only sum of energies quantized

Einstein: no, each one

 - specific heat of solids

 - Ersatz oscillators (Ladenburg ...)

 - quantization of radiation field

John L. Heilbron: The virtual oscillator as a guide to physics students lost in Plato's cave 
Science and Education  3 (2) (1994), S. 177-188.



  
Arne Schirrmacher | HQ 3 Berlin | June 29, 2010 10MPIWG

II. The Planetary Model

Jean Perrin 1901
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II. The Planetary Model

Lenard / Becker 1904

 - consider H–   like system of three particles

"... indeed each cathode ray particle contained 

within a force field [will] orbit rapidly around the 

positive point or describe paths, the knowledge 

thereof is to be expected from a yet-to-be-found 

solution to the three-body problem, which takes

into consideration not only attracting forces but 

also repelling ones."
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II. The Planetary Model

widespread in popular 
science media

1904ff.
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II. The Planetary Model

in Stark's analysis of band spectra
using the quantum hypothesis

1908 / 1911
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II. The Planetary Model

in Bohr's Manchester Memorandum
1912
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II. The Planetary Model

Sommerfeld 1914-1919

Sommerfeld / Debye 1915

=>   Martha

=>   Michael

Sommerfeld: Grundlagen der Quantentheorie 
und des Bohrschen Atommodells

Die Naturwissenschaften 1924
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Model of Hydrogen Atom after 
Sommerfeld, built for the 
Deutsches Museum in 1918

II. The Planetary Model

Sommerfeld 

1918
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II. The Planetary Model

Pauli's hydrogen molecule ion 

~ 1922
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II. The Planetary Model

Bohr's second atomic theory 

~ 1918-1922

 - electrons not arranged in rings or in 
   configurations of polyhedral symmetry
   (Sommerfeld, Landé) 

 - penetrating orbits (also Schrödinger 1920)

* role of correspondence principle: 

"...; but the application of the correspondence principle seems to offer for the first 
time a rational theoretical basis for these conclusions and for the discussion or the 
arrangement of the orbits of the electrons bound after the first two. 

... this principle offers a simple argument for concluding that these electrons are 
arranged in groups in a way which reflects the periods exhibited by the cheical 
properties of the elements ...

Bohr notebook 1920
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Bohrs Atomteori. Almenfatteligt Fremstillet, 1922, 21929

The atom and the Bohr theory of its structure, 1923

Die Naturwissenschaften, 1923

Chemistry in the Twentieth Century, 1924

Ibérica, 1924

Das Atom und die Bohrsche Theorie seines Baues, 1925

Bayrische Rundfunkzeitung, 1925

De bouw der Atomen, 1927, 21930

II. The Planetary Model

Bohr / Kramers and Holst     ~ 1921/22
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Bohrs Atomteori. Almenfatteligt Fremstillet, 1922

Science 

Museum

1926

II. The Planetary Model

Bohr / Kramers and Holst     ~ 1921/22

H L Bragg / Hartree   ~ 1923
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A Schirrmacher:

Bohrsche Bahnen in Europa. Bilder und Modelle zur Vermittlung des 

modernen Atoms. In C Bigg, J Hennig (ed.), Atombilder, Göttingen 2009.

Von der Geschossbahn zum Atomorbital?. In M Berg et al. (ed.), 

Mit Feder und Schwert. Militär und Wissenschaft – Wissenschaftler und Krieg,

Stuttgart 2009.

II. The Planetary Model
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II. The Planetary Model

H L Bragg / Hartree   ~ 1923



  
Arne Schirrmacher | HQ 3 Berlin | June 29, 2010 27MPIWG

II. The Planetary Model

Max Born 1923

"Quantentheorie und Störungsrechnung"

Die Naturwissenschaften

"Eine der merkwürdigsten und anziehendsten Ergebnisse 
der Bohrschen Atomtheorie ist die Vorstellung, daß die 
Atome Planetensysteme im Kleinen sind.

...

Jedenfalls sehen wir, daß die Ähnlichkeit der Atome mit 
Planetensystemen ihre Grenzen hat."
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II. The Planetary Model

 - and quantum mechanics

Paul Kirchberger (1878-1945)

1902 dissertation with Hilbert in Göttingen

1922 quits job as high school teacher

publishes "Atom-Quantentheorie" 2 vols.

writes for main newspapers on atomic
and quantum physics, from 1924 on also 
in journals ("Kosmos")

Ein Fortschritt in der Atomtheorie, Kosmos 25 (1928): 109-112.
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gold atom, 1927 sodium atom, ~ 1923
Deutsches Museum Science Museum
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The role of semi-classical models for quantum mechanics of 
complex atoms and molecules?
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Harvey Elliott White

1902-1988

1929 PhD Cornell 

1929/30 Rockefeller fellow Berlin: Paschen

1930 Berkeley
...

1931 in Physical Review: Pictorial Representations 
of the Electron Cloud for Hydrogen-like Atoms

1949 presents physics on TV, up to 150 stations

1959 director Lawrence Hall of Science 
         (opened 1968)
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White mechanical device ##
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