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● Einstein’s Road to 1909

● Quantum Theory’s Road to 1909

● Einstein’s “fusion”



A year after the light-quantum paper, 
Einstein shows that Planck’s law works 
only if the energy of “resonators” are 
actually quantized and not merely 
discretized for counting purposes. 

Einstein’s Road to 1909



In 1907 Einstein uses his quantum account to 
answer questions in the specific heat of 
solids at low temperatures – a problem that 
was unresolved by Planck. 

Einstein’s Road to 1909



Laue’s letter to Einstein, 1906: agreed 
that “radiant energy can only be emitted 
and absorbed in certain finite quanta” as 
long as it is understood that the 
quantization is “not a characteristic of 
electromagnetic processes in a vacuum, 
but of the absorbing or emitting 
material” and that “radiation does not 
consist of light quanta ... but only 
behaves during energy exchange with 
matter as though it did.” 
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Won Nobel in 1914 for X-Ray diffraction, 
four years before Planck



A change in Einstein’s thinking: Planck’s theory complements 
rather than contradicts his own theory. 

However: “In my opinion the above considerations do not at all 
disprove Planck’s theory of radiation; rather, they seem to me 
to show that with his theory of radiation Mr. Planck introduced 
into physics a new hypothetical element: the hypothesis of light 
quanta.”

But Planck in 1907: “I am not looking for the meaning of the 
elementary quantum of action (light quantum) in the vacuum, but 
at the places of absorption and emission, and assume that vacuum 
processes are exactly described by Maxwell’s equations”
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1907 failed his Habilitation. In 1908 passed with 
the thesis “Consequences for the constitution of 
radiation of the energy distribution law of 
black-body radiation”. This does not survive. 

Left Patent office in 1909 and appointed Associate 
Professor at Zurich (finalized May, appointed 
October).
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Dall-e prompt “Old Quantum Theory in 1909”



Quantum Theory’s Road to 1909

Ehrenfest: Discreteness of Radiation

1905 “Über die physikalischen 
Voraussetzungen der Planek'sehen Theorie 
der irreversiblen Strahlungsvorgänge” 

1906 “Zur Planckschen Strahlungstheorie”
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Quantum Theory’s Road to 1909

Ehrenfest: Discreteness of Radiation:

1905 “Über die physikalischen 
Voraussetzungen der Planek'sehen Theorie 
der irreversiblen Strahlungsvorgänge” 

1906 “Zur Planckschen Strahlungstheorie”

Neither cite or mention Einstein



In a series of papers, Jeans concluded 
that classical theory inevitably leads to 
the Rayleigh–Jeans law.

Implication: Planck’s Law requires a 
departure.
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“Sir James Jeans and the Mysterious 
Universe,” caricature by Powys Evans, 1932 

(National Portrait Gallery, London)
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In a lecture in Rome 1908 Lorentz shows that his electron 
theory leads to the Rayleigh–Jeans law. One can avoid this 
only by showing that the equipartition theorem does not apply 
to the infinite number of vibrational modes of the ether. 
However, Jeans showed that equipartition does apply to all 
modes.

Called for experimental tests to determine between Planck and 
Rayleigh–Jeans law. Faced criticism for this. 

Responding to Lorentz’s appeal to the experimentalists, 
Lummer and Pringsheim, observed that if the Rayleigh–Jeans 
law were correct, a metal plate at room temperature would 
glow in the dark. 
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Quantum Theory’s Road to 1909

In a letter to Lorentz in reply to this 
objection in the Fall of 1908, Planck for the 
first time stated that the energy of a 
resonator can only take on the discrete values 
hν.

At the end of 1908, senior physicists Planck, 
Lorentz, and Wien came to accept what 
Einstein, Jeans, and Ehrenfest had been 
emphasizing: old physics leads to the 
Rayleigh–Jeans law and the Planck law ushers a 
new physics.





Einstein’s “fusion”

● Section 1 responds to Ritz and 
section 2-3 to Jeans.

● (Rayleigh-)Jeans law “is not 
compatible with the facts”.

● Section 4 discusses a “certain 
logical imperfection” in 
Planck’s theory.



● Starts with the definition of the 
probability of a state as the 
limiting value of time averages and 
calculates entropy using the 
Boltzmann relation.

● Argues that Boltzmann and Planck’s 
definition of the probability of 
complexions reduce to and make 
sense only in light of his 
definition.

● And again presses the point that 
this leads to Rayleigh-Jeans not 
Planck.
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Einstein’s “fusion”

Einstein’s step:

Einstein’s fusion is guided by 
“Two considerations … 
distinguished by their 
simplicity”. 

Focus only on the first (cf. 
Brett for the second)



● Important methodological step: Use observed 
values of entropy to calculate W and therefore 
“statistical properties” of radiation.

● In contrast to the 1905 paper, makes use of the 
full Plank law instead of Wien regime.

● To clarify these matters, we will try to proceed 
in the opposite direction than that taken by Mr. 
Planck in his radiation theory. We consider 
Planck’s radiation formula as correct[49] and ask 
ourselves whether some conclusion about the 
constitution of radiation can be inferred from it
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Einstein’s “fusion”

● In section 6, Einstein wants to 
calculate the mean square energy 
fluctuation in black-body radiation 
due to the Planck law.

● What he wants is an expression for 
the mean square of the energy 
fluctuation.

● On to the board! 




