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23 April 1858 ( Kiel )  – 4 October 1947 ( Göttingen )



“In my opinion a thorough understanding ofIn my opinion, a thorough understanding of 
a physical theory can be reached only by the 
historical method. This method enables us to 
judge whether a certain hypothesis is really 
necessary to explain the phenomena, y p p
whether it can be modified and under what 
conditions a theory is valid.” 
[B. L. Van der Waerden (1960)]

Newton’s fifth rule of reasoning.
“We are to admit no more causes of natural things 
than such as are both true and sufficient to 
explain their appearance.” [ Occam’s razor]



•  Planck’s discovery of ‘h’. 

•  Planck’s second  theory (1911). [E.g. stimulated emission]

• Planck’s treatment of wave propagation in dispersive media.  Planck s treatment of wave propagation in dispersive media. 

•  Planck’s natural system of units (1899).

•  Planck in Hungary (1936, 1939).

[ •  Planck on the the energy fluctuations of the radiation. ]

[ •  Planck’s method of quantization of phase-space. ]



The spectrum of black-body radiationThe spectrum of black body radiation.            
Planck’s discovery of ‘h’ (1900).



The distribution of the spectral energy density of black-body 
radiation according to the Planck formula.
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Cosmic Microwave Background (CMB) Radiation.
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1a-b. Frequency and wavelength dependence, at 2.725 Kelvin absolute temperature, of the spectral energy 
density of black-body radiation, according to a formula derived by Planck in 1900. (On the left figure we also 
show the Wien and the Rayleigh-Jeans approximative dependences.) [ We note that according to the 
measurements by the Cosmic Background Explorer (COBE) satellite, the above curves perfectly desribe the 
spectrum of the Cosmic Mirowave Backround radiation (CMB), discovered by Penzias and Wilson in 1965. p ( ), y

Varró S, „Planck’s interpolation formula for black-body radiation is revisited.”. { Derivation from a modified scaling law, without appearent 
quantization; Talk presented  at Seminar 1 of  LPHYS’18.  [27th International Laser Physics Workshop, 16-20 July 2018, Nottingham, UK]  }



Note on the displacement law m × T = const. [ Kövesligethy R (1890) ]

Paschen F, Ueber Gesetzmässigkeiten in den Spectren fester Körper. Annalen der Physik (1896).
See also: Balázs G. Lajos, Theoretical astrophysics in the XIX. century. (Hommáge á Radó von Kövesligethy). (2005)



Planck M., Über irreversible Strahlungsvorgänge [ 1897-99, 1901 ]

Planck M., „On irreversible radiation processes” [ 1897-99, 1901 ]

N × U = P × , where P integer; 
Quantization of the energy of 
an assemby of N resonators.     

 = h  [14. Dec. 1900]

„Interpolation 
formula”                

[19. Oct. 1900]

M. Planck, Über irreversible Strahlungsvorgänge. 1– 2– 3 – 4 – 5. Mitteilungen. Sitzungsber. der Preuß. Akad. der 
Wissenschaften (1897-1899). 6.  The results of the 1-5. Mitteilungen summarized in Annalen der Physik (1900-1).



Temperature dependence of the intensity of a spectral component. 
[„Isochromaten” from -188 oC up to 1500 oC]. Rubens and Kurlbaum (1900).
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The method of ‘Reststrahlen’ K Beckman’s Dissertation (1898) H Rubens und F Kurlbaum : AnwendungThe method of Reststrahlen .  K. Beckman s Dissertation (1898). H. Rubens und F. Kurlbaum : Anwendung 
der Methode der Reststrahlen zur Prüfung des Strahlungsgesetzes. Ann. der Phys. 2 , 649-666 (1901).
O. Lummer und E. Pringsheim : Kritisches zur schwarzen Strahlung. Ann. der Phys. 6 , 192-210 (1901).



Planck’s radiation formula; „Interpolation”                              
[ 19 October 1900 ] [ ]

The “fortunate interpolation”
Planck (1897-1900): “Irreversible Strahlungsvorgänge” → Wien-formula
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“So waren meine Versuche, die Formel (2) [ entropy expression ] zu 
verbessern, an einem toten Punkt angelangt, und ich stand im Begriff, 
sie endgültig aufzugeben. 
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Da trat ein Ereignis ein, welches in dieser Angelegenheit Wendung bringen 
sollte.”

“Über eine Verbesserung der Wienschen Spekralgleichung” (19. Okt. 1900.)
F  Kurlbaum & H  Rubens experiment: at very high temperature I ~ T;F. Kurlbaum & H. Rubens experiment: at very high temperature I ~ T;
Planck: U=CT 
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„The Boltzmann principle” (1877). Energy elements               
(Planck’s elementary quantum of action h  1900)  (Planck s elementary quantum of action h, 1900). 
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Planck M, Ueber eine Verbesserung der Wien’schen Spectralgleichung. Verhandlungen der Deutsch. Phys. Ges. 2 (1900) 
202-204 (Sitzung vom 19 October 1900 ) Planck M Zur Theorie des Gesetzes der Energie-verteilung im Normalspectrum202-204. (Sitzung vom 19. October 1900.) Planck M, Zur Theorie des Gesetzes der Energie-verteilung im Normalspectrum. 
Ibid.2 (1900) 237-245. (Sitzung vom 14. December 1900.) [ Debye P, Der Wahrscheinlichkeitsbegriff in der Theorie der 
Strahlung, Ann. der Phys.(4) 33, 1427-1434 (1910). ]



Planck’s energy elements. Elementary quantum of action h).              
[ 14 December 1900 ]    

Spectral density:

U
28

Wien’s displacement law:
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Thermodynamics:
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of one  Hertz oscillator PNUU N 
“It comes about to find the probability W of that the N resonators altogether 

th ill ti U T thi d it i t thi k f Upossess the oscillation energy UN. To this end it is necessary to think of UN as 
not being a continuous, unlimitedly divisible  quantity, but rather a discrete 
quantity built up of a finite number of identical parts. When we call such a part an 
energy element , then we have to set : UN= P, where P means an integer, 

ll l b d th l f i till t b d t i d ”generally a large number, and the value of  is still to be determined.”
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Planck M, Ueber eine Verbesserung der Wien’schen Spectralgleichung. Verhandlungen der Deutsch. Phys. 
Ges. 2 (1900) 202-204. (Sitzung vom 19. October 1900.) Planck M, Zur Theorie des Gesetzes der Energie-Ges. 2 (1900) 202 204. (Sitzung vom 19. October 1900.) Planck M, Zur Theorie des Gesetzes der Energie
verteilung im Normalspectrum. Ibid.2 (1900) 237-245. (14. December 1900.) [ Debye P, Der Wahrscheinlich-
keitsbegriff in der Theorie der Strahlung, Ann. der Phys.(4) 33, 1427-1434 (1910). ]



Electromagnetic radiation field 
components in a ‘Jeans cube’ [Hohlraum].mod3
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Electromagnetic field 
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‘Hohlraumstrahlung’
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Varró S, The quantum phase of the photon a Haar integral on the Blaschke group.



PLANCK’s own assesment of the significance of h.

Born (1948) “Planck was perfectly clear about the importance of 
his discovery We have not only the testimony of his wife but alsohis discovery. We have not only the testimony of his wife but also 
an account of his son Erwin, given to and reported by Professor 
Bavink. It was in 1900 when his father, on a walk in the Grunewald, 
near Berlin, said to him: 'To-day I have made a discovery as , y y
important as that of Newton'. Planck has, of course, never said 
anything like that in public. His modest and reluctant way of 
speaking about his work has caused the impression that he did 
himself not quite believe in his result. Therefore, the opinion spread, 
especially outside Germany, that Planck 'did not seem to know what 
he had done when he did it', that he did not realize the range of his 
di Th t thi i l l b f hidiscovery. That this is wrong can clearly be seen from his 
autobiography; though it was written in his old age, we have no 
reason to doubt that it correctly reflects his thoughts in the years 
following his discovery ”following his discovery.  



PLANCK, THEORIE DER WÄRMESTRAHLUNG (1906)

PLANCK, THEORY OF HEAT RADIATION (1914)

“Probably no single book since the 

, O O ON ( )

appearance of Clerk Maxwell’s 
ELECTRICITY AND MAGNETISM has had a 
deeper influence on the development of 
physical theories.”p y

Morton Masius: Translator’s preface ( 1914 )p f ( )



Planck’s ‘heaviest’ forgotten heritage.
Electromagnetic H theorem,“Natürliches Licht”, “Molecular disorder”

Boltzmann (1872): H ≥ H ≥ ≥H ≥H  (Irreverzibilitás  H=-S)Boltzmann (1872): …H1≥ H2≥…≥Hn-1≥Hn… (Irreverzibilitás, H=-S)
Loschmidt (1876): “Umkehreinwand” …Hn’ ≤ Hn-1’ ≤…≤ H2’ ≤ H1’… 
Zermelo (1896) [Poincaré (1890)]: “Wiederkehreinwand”
Boltzmann’s response: “Molecular disorder” POSTULATE.

Planck (1896-1900): “Irreversible Strahlungsvorgänge”
Boltzmann’s critics (1898): “convergent waves” (Bô-B)
“Denn der ganze Vorgang kann ebensogut auch in geradeg g g g g
umgekehrte Richtung verlaufen. Man braucht nur in irgendeinem
Zeitpunkt das vorzeichen aller magnetische Feldstärken, mit Beihaltung
der elektrischen Feldstärken, umzukehren. Dann saugt der Oszillator die in
konzentrischen Kugelwellen emittierte in ebensolchen Kugelwellen wieder ein, und
gibt die aus der erregenden Strahlung absorbierte Energie wieder von sich ” Vongibt die aus der erregenden Strahlung absorbierte Energie wieder von sich.” Von
Irreversibilität kann also bei einem derartigen Vorgang nicht die Rede sein.”
Planck’s response: “Natürliches Licht” POSTULATE.
( Source: Zur Geschichte der Auffindung des physikalischen Wirkungsquantums. 

Fassung letzter Hand Naturwisswenschaften Vol 31 pp 153 159 (1943) )Fassung letzter Hand. Naturwisswenschaften. Vol. 31, pp. 153-159 (1943). )



Planck’s second theory (1911) Quantum jumpsPlanck s second theory (1911). Quantum jumps. 
Stimulated emission. Zero-point energy.                     



In 1911 Planck published his so‐called
‘second theory’ in which he gave 4

Energy of the oscillator : U = ne + r  0 < r < e 
second theory , in which he gave
plausible arguments for the ‘emission
postulate’: (1–)/=p·u, i.e. the ratio
of the probability that the oscillator
does not emit and the probability of

3

Quantum jumps !

does not emit and the probability of
emission is proportional with the
spectral energy density u. He
calculated p=c3/82h=B/A, where B
and A are the ‘Einstein coefficients’

2

U
e

and A are the Einstein coefficients
(1916). From this it follows that
Plancks’s emission coefficient
=A/(A+B∙u) is the ratio of the
‘spontaneous’ and the complete

1

spontaneous and the complete,
‘spontaneous+induced’ emission
probability.

0 2 4 6 8
0

time  a. u. 
Figure 1. Illustrates Planck’s emission law [7], where the tilted straight lines represent 
the continuous energy increase of a particular oscillator. When a straight line crosses 
a dotted line (corresponding to integer multiples of the energy quantum =h), then an 
emission may take place abruptly by chance, and a continuous increase of the 
energy starts again. In 1911 Planck derived the occupation probability of the n-th level 
Pn=bn/(1+b)1+n, where b=[exp(h/kT)-1]-1. The time average of the fractional energy 
turns out to be  h/2, which is just the ‘zero-point energy’. The distribution Pn is the so-
called ‘Bose–Einstein distribution’, rederived by Wilson in 1916, rediscovered by Bose in 1924. 



Planck’s ‘Second Theory’ (1911): Rate equations;
Induced emission; “Bose distribution”; zeropoint energyInduced emission; Bose distribution ; zeropoint energy
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The 1st  Solvay Congress (1911 ). 

N. Strautmann, On the first Solvay Congress in 1911. arxiv:1109.3785v2 [physics.hist-ph] (22 Oct 2011). Figure 2: The portrait of 
participants to the first Solvay Conference in 1911. Notes on Fig. 2. Left to right seated: Walter Nernst; Marcel-Louis Brillouin; E. Solvay; 
Hendrik Lorentz; Emil Warburg; Jean-Baptiste Perrin; Wilhelm Wien; Marie Curie; Henri Poincar´e. Left to right standing: Robert Goldschmidt; 
Max Planck; Heinrich Rubens; Arnold Sommerfeld; Frederick Lindemann; Maurice de Broglie; Martin Knudsen; Friedrich Hasen¨ohrl; G. 
Hostelet; E Herzen; Sir James Jeans; Ernest Rutherford; Heike Kamerlingh Onnes; Albert Einsten; Paul Langevin Further remarks: M deHostelet; E. Herzen; Sir James Jeans; Ernest Rutherford; Heike Kamerlingh-Onnes; Albert Einsten; Paul Langevin. Further remarks: M. de 
Broglie (the elderly brother of Louis de Broglie), F. Lindemann. and R.B. Goldschmidt were appointed as secretaries; G. Hostelet and E. Herzen 
were co-workers of E. Solvay. Solvay was not present at the time the photo was taken; his photo was pasted onto this one for the official 
release (resulting in a rather big head).
See also a detailed paper in Hungarian: Radnai Gyula, Az Első Solvay-Konferencia Centenáriumán. II. Fizikai Szemle 2011/9. 316.o. 



Induced emission [Planck, 1911, Einstein, 1916], Induced emission [Planck, 1911, Einstein, 1916], 
maser [1954], laser [1960]

Spontaneous Induced emission : Absorption :Spontaneous 
emission : N2 A2

Induced emission : 
N2 B2 u

Absorption :
N1 B1 u

 

Question on stimulated emission: If we distinguished 
(in one mode!) the spontaneous and stimulated 

11ˆ  nnna

Dirac (1927):

1111 n

(in one mode!) the spontaneous and stimulated 
emission á lá Einstein, then one may ask;                 
which „1” corresponds to the spontaneous 
emission?

11  nnna 1...111 n



Negative absorption (dispersion): Stimulated 
emission. Kopfermann & Ladenburg (1928).p g ( )

“In the Planck formula of temperature 
radiation, the – 1 in the denominator  
[exp(h/kT) – 1 ] results from taking the 
processes of negative absorption into 
account. This – 1  gives the whole 
difference between the formulae of 
Planck and W. Wien. It is well known, 
from the experiments of Lummer-
Pringsheim and Rubens-Kurlbaum, that 
the difference between these two 
formulae and also the validity of the 
Planck formula, come out the more 
clearly the smalles the relation, that is, 
the larger the temperature (or the 
excitement) and the larger the 
wavelength.”

H. Kopfermann and R. Ladenburg Experimental Proof of ‘Negative Dispersion’, Nature Volume 122, 438-439 (22 
September 1928).



Wave propagation in dispersive media. 
The concept of intensity and group delayThe concept of intensity and group delay.           
[ Planck (1898-1900), Laue (1904-1905) ]

On the Nobel Prize in Physics 2018On the Nobel Prize in Physics 2018.



Planck (1900) and Laue (1905): Wave 
propagation. Intensity. Group velocity. Delay.p p g y p y y
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Planck M 1900 Ueber irreversible Strahlungsvorgänge Annalen der Physik (4) 1 69 123 (1900)Planck M 1900 Ueber irreversible Strahlungsvorgänge. Annalen der Physik (4) 1, 69-123 (1900)

Laue M von 1905 Fortpflanzung der Strahlung in dispergierenden und absorbierenden Medien. Annalen der 
Physik (4)  18, 523-566 (1905)



Sommerfeld [ 1914 ] : ‘Superluminar propagation’
and ‘Precursors’ [‘Vorläufer’ ].[ ]

„Here the group 
velocity as a signal y g
velocity looses its 
meaning; the 
constructed relativistic 
difficulties are based 
on the overestimation 
of the notion of group 
velocity, in 
comparison with the 
wave velocity  which is 

cx  8/2

wave velocity, which is 
usually called „the 
velocity of light.” 

)t2(t2),( 1  Jtxf 

cxp   8/

Sommerfeld A 1914 Über die Fortpflanzung des Lichtes in dispergierenden Medien Annalen der Physik 44 177-202 (1914)
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Light [electromagnetic radiation]: Wave and Particle. 
[More than 50 Nobel Prize winners’ research and results  are explicitely related to ‘photons’. ]

Röntgen 1901
Lorentz, Zeeman 1902
Rayleigh 1904
Lenard 1905

Bloch, Purcell 1952
Zernike 1953
Born, Bothe 1954
Lamb, Kusch 1955
Ch k F k T 1958Lenard 1905

Thomson JJ 1906
Michelson 1907
Lippmann 1908
Marconi, Braun 1909
Wien 1911
Laue 1914

Cherenkov, Frank, Tamm 1958
Hofstadter, Mössbauer 1961
Landau 1962
Wigner, Göppert-Mayer, Jensen 
1963
Townes, Prokhorov, Basov 1964
Tomonaga Schwinger Feynman

Laser 50: 2010

Laser Nobel: 2014

Bragg WH, Bragg WL 1915
Barkla 1917
Planck 1918
Stark 1919
Einstein 1921
Bohr 1922
Millikan 1923

WW II Laser

Tomonaga, Schwinger, Feynman 
1965
Kasler 1966
Bethe 1967
Gabor 1971
Kapitsa, Penzias, Wilson 1978
Blombergen, Schawlow, 

CMB

2015

Millikan 1923
Siegbahn KMG 1924
Frank, Hertz 1925
Perrin 1926
Compton, CTR Wilson 1927
Richardson 1928
De Broglie 1929

1945 1960

Siegbahn KM 1981
Chandrashekar, Fowler 1983
Ramsey, Dehmelt, Paul 1989
Chu, Cohen.Tannoudji, Phillips 
1997
Alferov, Kroemer, Kilby 2000
Cornell Ketterle Wieman 2001Raman 1930

Heisenberg 1932
Schrödinger, Dirac 1933
Thomson GP, Davisson 1937
Fermi 1938
Stern 1943
Rabi 1944

Cornell, Ketterle, Wieman 2001
Glauber, Hall, Hänsch 2005
Mather, Smoot 2006
Nambu, Kobayashi, Maskawa 
2008
Kao, Boyle, Smith 2009
Haroche, Wineland 2012

CMB

Rabi 1944
Pauli 1945

,
Akasaki, Amano, Nakamura 2014
Ashkin, Mourou, Strickland 2018 2018CPA



The Nobel Prize in Physics 2018. 
Arthur Ashkin, Gerard Mourou and Donna Strickland.

„The Nobel Prize in Physics 

2018 was awarded “for 

groundbreaking inventionsgroundbreaking inventions 

in the field of laser 

physics”with one half to 

Arthur Ashkin “for the 

optical tweezers and their 

application to biological 

systems”, the other half 

jointly tojointly to 

Gérard Mourou and 

Donna Strickland

“for their method of 

generating high-intensity, 

ultra-short optical pulses” 

."

Varró S, The forgotten heritage of Maxx Planck

Donna Strickland and Gerard Mourou, Compression of amplified chirped optical pulses. Optics Communication Volume 56, number 3, 
219-221 (1985).



Chirped Pulse Amplification ( CPA ) demonstrated first by         
D. Strickland and G. Mourou. [The Nobel Prize in Physics 2018. ] 

The Nobel Prize in Physics 

2018 was awarded “for 

groundbreaking inventionsgroundbreaking inventions 

in the field of laser physics” 

with one half to Arthur 

Ashkin 

“for the optical tweezers 

and their application to 

biological systems”, the 

other half jointly toother half jointly to 

Gérard Mourou and 

Donna Strickland

“for their method of 

generating high-intensity, 

ultra-short optical pulses” 

."

Varró S, The forgotten heritage of Maxx Planck

Donna Strickland and Gerard Mourou, Compression of amplified chirped optical pulses. Optics Communication Volume 56, number 3, 
219-221 (1985).



D. Strickland and G. Mourou [ 1985 ]: ‘Chirped Pulse 
Amplification’ , ‘CPA’.                                         
[Temporal, spatial stretching.]

Laser-
oscillator

Stretcher

Amplifier

Compressor



Schematic illustration of the 
ELI-ALPS facility.

Figure copied from Charalambidis D, Chikán V, Cormier E, Dombi P, Fülöp J A, Janáky Cs, Kahaly S, 
K l h ik M K idi Ch Küh S Lé i F L’H illi A L M t R M d l S O KKalashnikov M, Kamperidis Ch, Kühn S, Lépine F,  L’Huillier A, Lopez-Martens R, Mondal S, Osvay K, 
Óvári L, Rudawski P, Sansone G, Tzallas P, Várallyay Z and Varjú K, The Extreme Light Infrastructure –
Attosecond Light Pulse Source (ELI-ALPS) Project. Chapter 10, pp 181-218. In Yamanouchi K, Hill III W. T 
and Paulus G P (Editors), Progress in ultraintense laser science XIII (Springer 2017)



The amplification is a ‘parametric process’. 
[HR laser system, first phase.]

‚Parametric’

Figure copied from Charalambidis D, Chikán V, Cormier E, Dombi P, Fülöp J A, Janáky Cs, Kahaly S, 
K l h ik M K idi Ch Küh S Lé i F L’H illi A L M t R M d l S O KKalashnikov M, Kamperidis Ch, Kühn S, Lépine F,  L’Huillier A, Lopez-Martens R, Mondal S, Osvay K, 
Óvári L, Rudawski P, Sansone G, Tzallas P, Várallyay Z and Varjú K, The Extreme Light Infrastructure –
Attosecond Light Pulse Source (ELI-ALPS) Project. Chapter 10, pp 181-218. In Yamanouchi K, Hill III W. T 
and Paulus G P (Editors), Progress in ultraintense laser science XIII (Springer 2017)



Development of very large intensity lasers based on the ‘CPA 
technique’. [ D. Strickland and G. Mourou. The Nobel Prize in Physics 2018. ] 

Figure taken from Gérard Mourou’s presentation at ‘IZEST’ [ International Zeta-Exawatt Science and Technology. ]
Launching Workshop, Ecole Polytechnique, 28-29 November, 2011. Paris, France.



Planck’s natural system of units (1899)Planck s natural system of units (1899).



PLANCK’S ‘NATURAL SYSTEM OF UNITS’ [ 1899:  before “ h ” !] 

M. Planck, Über irreversible Strahlungsvorgänge. 1– 2– 3 – 4 – 5. Sitzungsber. der Preuß. Akad. der Wissenschaften 
,  (1897-1899). 6. Annalen der Physik (1900-1).



Planck’s natural system of units (1889). Planck 
length, mass, time, temperature lP, mP, tP, TP .

T
a

bu


 
e8 2 kTh  18 2

h
Planck (1900)

Tb
c

u   e3 1n 1e /3 
 kThh

c
u  

Recent notation and numerical values:

sec10626.6 27   erghb Kcmkha  1110798.4/

“…it would not be without interest to note, that, with the help of the , , p
constants a and b appearing in the expression (41) of the radiation 
entropy [Wien entropy derived by Planck using general considerations], there 
is a possibility given, to define units for length, mass, time and
temperature which independently from special bodies or substancestemperature, which, independently from special bodies or substances, 
keep their meaning for all times and for all, also extraterrestrial and non-
human cultures, which then might be called »natural units of measure«.

Planck M, Über irreversible Strahlungsvorgänge. 5. Mitteilung. Sitzungsberichte der Preußischen Akademie 
der Wissenschaften. S. 449-476 (1898).



Planck’s natural system of units (1889). Planck 
length, mass, time, temperature lP, mP, tP, TP .

“The mean to define the four units for length, mass, time and temperature is 
secured by the mentioned constants  a and b, further, by the velocity of 

ti f li ht i d b th it ti t t f E d ipropagation of light c in vacuum, and by the gravitation constant f. Expressed in 
centimeters, gramms, seconds and degrees Celsius, the numerical values of 
these four constants are as follows:”

]dCelsiusgra[sec1048180 10  a ]K[1047980 10]dCelsiusgra[sec104818.0 a
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27h
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sec
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
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
sec
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Planck M, Über irreversible Strahlungsvorgänge. 5. Mitteilung. Sitzungsberichte der Preußischen Akademie
der Wissenschaften. S. 449-476 (1898). [Footnote: 1 F. Richardz und O. Krigar-Menzel, Anhang zu den 
Abhandlungen dieser Akademie vom Jahre 1898 S. 110, im Auszug: Wied. Ann. 66. S. 190, 1898.]



Planck’s natural system of units (1889). Planck 
length, mass, time, temperature lP, mP, tP, TP .

“One now chooses the »natural units«  so, that in the new system of measure all the four 
constants take the value 1, then one receives the quantities ”

as nit of length

[ modern definitions ( with h-bar: h/2 ! ) ]

as unit of length:
cm1013.4 33

3


c
bf

as unit of mass:
10565 5bc

mcGlP
353 10616.1/  

kG 8101762/ gr1056.5 5
f

as unit of time:
sec10381 43bf

kgGcmP
810176.2/  

sclt PP
44103925/ sec1038.15 

c

as unit of temperature: Cels1050.3 32
5


bf
ca

sclt PP 10392.5/ 

KkcmT PP
322 10417.1/ 

“These quantities preserve their natural meaning as long as the laws of 
gravitation, propagation of light in vacuum  and both of the two laws of heat 
theory remain valid that is being measured by most various intelligent beings

bf PP

theory remain valid, that is, being measured by most various intelligent beings
using most different methods, they must always give the same value.”



‘The black hole war’. „Planck invents a better yardstick”

L. Susskind, The Black Hole War ( Little, Brown and Company; New York - Boston - London,  July 2008)



Planck in HungaryPlanck in Hungary.



Planck in Hungary [1939].

Planck’s postcard  to his host, Rudolf Ortvay.                                                                               
copied from: Györgyi G, Max Planck Magyarországon. Fizikai Szemle 1972/10. 307.o..



26 April 1940. Max Planck was elected to an honorary 
member of the Hungarian Academy of Sciences

A Magyar Tudományos Akadémia Max Planckot 1940. április 26-án
választotta meg külső taggá 41 szóval 1 ellenében (Akadémiai értesítő,
1940. 17. o.).

A III osztályba külső tagnak ajánlották: Pogány Béla r tag Rybár István r tag Hoór-A III. osztályba külső tagnak ajánlották: Pogány Béla r. tag, Rybár István r. tag, Hoór-
Tempis Mór r. tag, Ortvay Rudolf l. tag és Bay Zoltán l. tag.

"A M. T. Akadémia III. osztályába külső tagnak tisztelettel ajánljuk PLANCK MIKSA
titkos tanácsost, a berlini egyetem kiérdemesült tanárát, a porosz Tudományos
Akadémia évek során volt titkárát, a Kaiser Wilhelm Institut volt elnökét, a
fizikai Nobel-díj nyertesét, számos tudományos társaság tagját, német
á á é á á ő é áállampolgárt. Planck régebbi munkássága főképp a thermodinamikára
vonatkozik melyet számos mélyreható eredménnyel gazdagított. Így Gibbs
gondolata csak Planck vizsgálatai segélyével váltak a tudományos világ
közkincsévé. Felemlíthetjük a Galván-elemek thermodinamikájára vonatkozó
fontos vizsgálatait, valamint a relativisztikus mechanikára vonatkozó
mélyenjáró fejtegetéseit. Thermodinamikai vizsgálatai vezették a múlt századmélyenjáró fejtegetéseit. Thermodinamikai vizsgálatai vezették a múlt század
kilencvenes éveiben az ún. fekete test sugárzásának problémájára. E problémát
egy alapvető és annakidején igen idegenszerű gondolat: az energia-, ill.
hatáskvantum fogalmának bevezetésével oldotta meg, és evvel egy oly gondolatot
vezetett be a fizikába, mely azt a lefolyt 40 év alatt mélyrehatóan átalakította, a
mai atomelméletet lehetővé tette, és ma is a fizika alapjaira vonatkozó minden
kutatás alapja Planck Miksa ma a tudományos világ köztiszteletben álló egyikkutatás alapja. Planck Miksa ma a tudományos világ köztiszteletben álló egyik
legnagyobb tekintélye, és mivel hazánk ügye iránt érdeklődik és Budapesten
néhány év előtt előadást is tartott, helyesnek tartanók, ha Akadémiánk is
kifejezné hódolatát Planck Miksa iránt és megtisztelné önmagát avval, hogy
külső tagjai sorába iktatná." (Magyar Tudományos Akadémia. Tagajánlások 1940-
ben. Bp. 1940 81. o.)

Source: Györgyi G, Max Planck Magyarországon. Fizikai Szemle 1972/10. 307.o.



‘PLANCK 2008’ at the Hungarian Academy of Sciences.
A FIZIKAI TUDOMÁNYOK OSZTÁLYA ÉS AZ 
EÖTVÖS LORÁND FIZIKAI TÁRSULAT
EGYÜTTES TUDOMÁNYOS ÜLÉSE
május 14. (szerda) 10 óra
PLANCK 2008 E lékülé M Pl k ül té é k 150 é f d lój lk l ábólPLANCK 2008. Emlékülés Max Planck születésének 150. évfordulója alkalmából
Az ülést megnyitja és bevezetőt mond:

Introduction: Kroó Norbert, az MTA rendes tagja, az MTA alelnöke
A kvantumelmélet kialakulása Planck-tól Dirac-ig [The genesis of quantum theory from Planck to 
Dirac] Nagy Károly, az MTA rendes tagja] gy y gj
A kozmikus háttérsugárzás kutatásának története és kilátásai [History and perspectives of the 
research on cosmic microwave backgroud radiation]

Király Péter, tudományos munkatárs
Entrópia, Planck, Univerzum [Entropy, Planck, Universe]

Patkós András az MTA rendes tagjaPatkós András, az MTA rendes tagja
Max Planck kétségei [The doubts of Max Planck ]

Károlyházy Frigyes, a fizikai tudomány doktora
Planck és a speciális relativitáselmélet [Planck and the special relativity theory]

Varró Sándor, az MTA doktora  
A kvantummechanika kiteljesedése: a kvantum szóráselmélet megszületése [ The birth of the 
quantum scattering theory ]

Bencze Gyula, a fizikai tudomány doktora
Kvantum és klasszikus határán [ At the border of classical and quantum ]

Geszti Tamás a fizikai tudomány doktoraGeszti Tamás, a fizikai tudomány doktora
Zárszó: Closing: Horváth Zalán, az MTA rendes tagja, osztályelnök
Az ülés helye:Magyar Tudományos Akadémia, Nagyterem (Budapest V., Roosevelt tér 9. II. em.)



Works by Planck concerning the relativityWorks by Planck concerning the relativity

● The  foundation of the relativistic dynamics.y
● The exact derivation of the velocity-dependent mass-

increase. The detailed comparison with the experiments 
by Kaufmann.

● The relativistic generalization of the Principle of Least ● The relativistic generalization of the Principle of Least 
Action due to Helmholtz.

● The  foundation of the relativistic thermodynamics 
(within this; the determination of the transformation 
rules of the black body radiation)rules of the black-body radiation).

● The general derivation of the famous “ E=mc2 ” relation
● The relativistic generalization of the phase-space 

quantization introduced originally by him. The q g y y
introduction of the relativistic phase-space cells. 
Statements on the relativistic fine-structure of the 
spectrum of the H-atom.



Einstein A (1905 ) : “Zur Elektrodynamik bewegter Körper ”Einstein A (1905-) : “Zur Elektrodynamik bewegter Körper.”...
Planck M (1906-) : “Das Pinzip der Relativität und die Grundgleichungen 

der Mechanik.”...

“Planck – in a way charateristic to the truly great scentists –
immediately realized the potentials for further develoments, 
and then on, Einstein and Planck, but also Lorentz enriched the 
relativity theory with newer and newer results, by the end of its y y , y
completion. As a curiosity we note that in the development of 
the relativity theory – by the appearance of Minkowski’s 
mentioned four-dimensional formulation, i.e. by 1908 – perhaps 
Planck was the leading personality, similar to that Einstein g p y,
played the leading role in developing Planck’s quantum 
theory..”

Simonyi Károly: A fizika kultúrtörténete (1978)



Max-Planck-Ausstellung im Physikzentrum der 
Christian-Albrechts-Universität zu Kiel. [ M Bonitz ]

Exhibition compiled and organized by Prof. Dr. M. Bonitz at the Kiel Univiersity.



Planck’s method of quantization onPlanck s method of quantization on 
phase-space.



Planck, „The physical structure of phase-
space.” [ 1915-16 ]p [ ]

Planck M 1916 Die physikalische Struktur des Phasenraumes. Annalen der Physik 50, 358- (1916).



The 1st  Solvay Congress (1911 ). 

H. A. Lorentz  (Leiden) : Ekvipartíció sugárzásra                                
W. Nernst (Berlin) : A kvantumelmélet alkalmazása a fajhőre
M. Planck (Berlin) : “Második elmélet”, zérusponti energia, a fásistér 

kvantálása
H. Rubens (Berlin) : A Planck-formula kísérleti bizonyítékai
A. Sommerfeld (München) : A hatáskvantum jelentősége nem-periodikus 

folyamatokra
W. Wien (Würzburg) 
E. Warburg (Charlottenburg) : A Planck-formula kísérleti bizonyítékaiE. Warburg (Charlottenburg) : A Planck formula kísérleti bizonyítékai
J. H. Jeans (Cambridge) : Kinetikus elmélet, aktív és passzív szabadsági 

fokok, fajhő
E. Rutherford (Manchester)
M. Brillouin (Paris)
Madame Curie (Paris)
P. Langevin (Paris) : A mágnesség kinetikus elmélete, “Langevin-függvény”
J. Perrin (Paris) : A molekulák létezése, Brown-mozgás stb.  kísérleti 

eredmények
H. Poincaré (Paris)
A. Einstein (Prag) : A fajhő kvantumelmélete, molekulák rotációjának 

kvantálása
F. Hasenörl (Wien)
H. Kamerling-Onnes (Leiden) : Elektromos vezetőképesség alacsony 

hőmérsékleten
J. D. van der Waals (Amsterdam)
M. Knudsen (Kopenhagen) : Kinetikus elmélet, belső súrlódás, diffúzió, 

hővezetéshővezetés



Planck, „The physical structure of phase-
space.” [ 1915-16 ]p [ ]

Planck M 1916 Die physikalische Struktur des Phasenraumes. Annalen der Physik 50, 358- (1916).



ATOMBAU UND SPEKTRALLINIEN [ 1916 – 21 ]ATOMBAU UND SPEKTRALLINIEN [ 1916 21 ] 

hndqp iii 



Planck, „The physical structure of phase-space.” 
[ 1915-16 ][ ]

Planck M 1916 Die physikalische Struktur des Phasenraumes. Annalen der Physik 50, 358- (1916).



Sommerfeld on Planck’s method [1916].          

Sommerfeld 1916



Schwarzschild K, „Zur Quantenhypothese.”           
[ Phase-space quanization with action-angle 

i bl l ivariables, 1916. Also: Epstein 1916. ]

Schwarzschild K, Zur Quantenhypothese. Sitzungsber. der kgl. preußischen Akad. der Wiss. S. 548-568 (1916).



Kneser H, „The general quantum condition 
(prescription) by Planck [1916].”           

Kneser H, Untersuchungen zur Quantentheorie. Mathematische Annalen. 84, 277-302 (1921).



Sommerfeld on Planck’s method [1916].          

Sommerfeld 1916



„EBK quantization” [1985].          

Keller J B, Semiclassical mechanics. SIAM Review. 27(4) Dec. (1985).



„EBK quantization „ [1985].          

Keller J B, Semiclassical mechanics. SIAM Review. 27(4) Dec. (1985).



Planck on energy fluctuations of thePlanck on energy fluctuations of the 
radiation field. ‘Wave-particle duality’.



Einstein’s ‘heuristic viewpoint’ on light quanta (1905).Interpretation 
of  Lenard’s experimental results on the photoelectric effect (1902).

„...The usual notion that the energy of light 
would be distributed continuously in the 
illuminated space where it propagates findsilluminated space where it propagates finds 
particularly great difficulties by the attempt to 
explain the photoelectric phenomena, as has 
been shown in a path-breaking work of Mr. 
Lenard 1)” [Footnote: 1) P Lenard Ann dLenard. )  [Footnote: „ ) P. Lenard, Ann. d. 
Phys. 8. p. 169  u. 170. 1902.”]. 

“...The simplest way to imagine this, that one light quantum gives its whole energy to a
single electron;...Our interpretation, as far as I see, is not in contradiction of theg ; p , ,
properties of the photoelectric effect observed by Mr. Lenard. When each energy
quantum of the exciting light gives its energy to the electrons independently from the
others,...,the number of the electrons leaving the body, under otherwise the same
circumstances, will be proportional with the intensity. 1) ”

2
2
1  mAh 

Einstein A Über einen die Erzeugung und Verwandlung des Lichtes betreffenden heuristischenEinstein A, Über einen die Erzeugung und Verwandlung des Lichtes betreffenden heuristischen 
Gesichtspunkt. Ann. der Phys. 17 , 132-148 (1905). [Nobel Prize 1922]
Lenard P, Ueber die lichtelektrische Wirkung. Ann. der Phys. 8 , 149-198 (1902). [Nobel Prize 1905]



What would PLANCK and EINSTEIN 
say on the logo of the ‘International 
Y  f Li ht 2015?Year of Light 2015?

h

“ by spreading from a point in the

What

...by spreading from a point in the 
outgoing light rays the energy is 
not distributed  continuously to 
larger and larger spatial regions, 
but these rays consist of a finite

„The wavefront is 
not spotty.” [“Die 
Wellenfront ist 
nicht fleckig.”] but these rays consist of a finite 

number of energy quanta localized 
in spatial points ...” [Einstein A, On a 
heuristic viewpoint concerning the 
production and transformation of light. 

[Planck M, Das 
Wesen des 
Lichts. Natur-
wissenschaften 7

Varro_ECLIM_2010

p g
Annalen der Physik (4) 17, 132-148 (1905)]

wissenschaften 7, 
903-909 (1919)]

Varró S, „The 110 years of the photon. From Einstein’s light quanta to extreme light.” Opening plenary talk at LPHYS’15, Shanghai, P R China.



Einstein‘s fluctuation formula (1909), “Zum gegenwärtigen Stand 
des Strahlungsproblems” [ presented at the „Salzburg Meeting” ] 

Put two thermodynamically 
communicating boxes, V and v, 
into a Hohlraum filled with thermal 
radiation, their energies are H és , 
resp. After equilibrium sets in, due 
to homogenity we have H0:0=V:v. 
S=+ . Energy: =0+, where 

HV, ,

gy  0 ,
random deviation from 0. Entropy:
S=klogW; dW=exp(S/k)d.   We 
expand S up to second order in . 
We obtain a Gaussian in energy!

In fact, the variance of the Gaussian 
energy distribution is given already gy
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S. V., Einstein’s fluctuation formula. A historical overview. Fluctuation and Noise Letters, 6 , No.2, R11-R46 (2006). 



Connection with Planck‘s interpolation formula.                           
[ M. von Laue on the fluctuation formula (1912). ][ M. von Laue on the fluctuation formula (1912). ]
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Planck (1911): “Bose” (1924); 
geometric distribution

„Particle term”

„Wave term”

Number of modes:
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In fact, Laue derived the fluctuation formula from the „Bose 
distribution“ for the many-mode case. He described the 
„photon bunching“ in thermal radiation in the same manner, as 
one often does nowadays

geometric distribution.

In the HBT-type experiment the 
number of modes are varied by 
shifting the detectors. one often does nowadays.

S. V., Einstein’s fluctuation formula. A historical overview. Fluctuation and Noise Letters, 6 , No.2, R11-R46 (2006). 
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M. von Laue, Die Freiheitsgrade von Stahlenbündeln. Ann. Physik, 44, 
1197-1212 (1914) [ The degrees of freedom of bundles of rays. ]1197 1212 (1914) [ The degrees of freedom of bundles of rays. ]

“Die Zahl der Freiheitsgrade eines linear polarisierten Strahlenbündels von der Länge l, der 
spektralen Breite d, der Brennfläche f und dem körperlichen Winkel , welches gegen die 
Normale von f die Neigung  hat, wird nach (5) 1)”

3

2cos
c

dlf 
3

28
c

dV 

Normale von f die Neigung  hat, wird nach (5) )
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Strahlenbündel Hohlraum

Laue calculated the number of „independent Fourier coefficients“ in conical 
sections of the radiation. This way of counting the number of the degrees ofsections of the radiation. This way of counting the number of the degrees of 
freedom has a close connection with optical resolution.

“ 1) Für ein Strahlenbündel, welches zwei Flächen von 1 qcm verbindet, die in  100 cm 
Abstand senkrecht zu ihrem Abstand liegen, welches ferner die Wellenlänge 5 . 10-5 cm und 

i S kt lb it d  6 107 1 h t (di l ti B it d / i t d 10 7) b it ä t d heine Spektralbreite d= 6 . 107 sec-1 hat (die relative Breite d/ ist dann 10-7), beiträgt danach 
die Zahl der Freiheitsgrade 8000. ”



Spatio-temporal localization 
versus Huygens principle. II.
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Planck M, Das Wesen des Lichts. Vortrag gehalten in der Hauptversammlung der Kaiser-
Wilhelm Gesellschaft am 28. 10. 1919. [Naturw. 7, S. 903-909 , 1919; Berlin, Springer, 1920.]



Spatio-temporal localization 
versus Huygens principle. I.

„Was aber der Huygensschen Wellentheorie eine scheinbar 
unüberwindliche Schwierigkeit bereitet, ist die von Philipp Lenard u. a 
festgestellte Tatsache, daß die Elektonengeschwindigkeit nicht etwa von g , g g
der Intensität der Strahlung, sondern nur von der Wellenlänge derselben, 
also von der Farbe des verwendeten Lichtes abhägt, ... .Rückt man also 
das Metall immer größere Entfernung von der Lichtquelle, ..., so fliegen 
trotz der schwächere Beleuchtung die Elektonen doch immer mit dertrotz der schwächere Beleuchtung die Elektonen doch immer mit der 
nämlichen Geschwindigkeit heraus; ...

...woher nimmt ein herausfliegendes Elektron seine Bewegungsenergie, 
wenn schließlich die Entfernung von der Lichtquelle so groß wird daß diewenn schließlich die Entfernung von der Lichtquelle so groß wird, daß die 
Lichtintensität fast ganz verschwindet, während doch die Elektronen 
keine Spur einer Verminderung ihrer Geschwindigkeit zeigen? Es müßte 
sich hier offenbar handeln um eine Art Anhäufung der Lichtenergie auf 
die Stellen, wo die Elektronen abgeschleudert werden – eine Anhäufung, 
die der allseitigen gleichmäßigen Ausbreitung der elektromagnetischen 
Energie nach der Huygensschen Wellentheorie gänzlich fremd ist.”

Varró S, The forgotten heritage of Maxx Planck

Planck M, Das Wesen des Lichts. Vortrag gehalten in der Hauptversammlung der Kaiser-
Wilhelm Gesellschaft am 28. 10. 1919. [Naturw. 7, S. 903-909 , 1919; Berlin, Springer, 1920.]



Negative binomial distribution [ Planck (1923) ]. E.g. Photon number 
distribution in a two-mode Planck-Bose state.
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photon number n [ S. V, Physica Scripta 90 (7), 074053 (2015) ]

Planck M, Bemerkung zur Quantenstatistik der Energieschwankungen. Sitzungsberichte der Preußischen 
Akademie der Wissenschaften. S. 355-358 (1923).



Hanbury Brown – Twiss correlations. Connection with 
the „interpolation formula”.

The right figure below shows the HBT effect for thermal states; usual 
‘photon bunching’ (stemming from the ‘wave-like fluctuation’). 
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Varró S, The role of self-coherence in correlations of bosons and fermions in linear counting experiments. Notes 
on the wave-particle duality; Fortschritte der Physik – Progr. Phys.;  59, No. 3–4, 296-324 (2011).



Boson correlations [ He4 ], [ using the method of Planck and Laue ]
Fermion correlations [ He3 ] [ Experiment; 2007 ]Fermion correlations [ He ] [ Experiment; 2007 ]
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T. Jeltes et al., Nature 445, 402–405 (2007). [ S. V., The role of self-coherence in correlations of bosons and fermions. 
Notes on the wave – particle duality. Fortschritte der Physik 59, 296 – 324 (2011). ]



Planck M., Energy fluctuations by superposition of periodic oscillations [ 1923 ]

M. Planck, Energieschwankungen bei der Superposition periodischer Schwingungen. Sitzungsber. der Preuss. Akad. 
der Wissenschaften , S. 350-364 (1923)



Fluktuációk  lézernyalábban, termikus, koherens [ Leonard Mandel,1965 ]5

)()( 19231965 EWUP PlanckMandel  

L. Mandel,. Phys. Rev.138, B753-B762 (1965)



Spatio-temporal localization 
versus Huygens principle. II.
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Planck M, Das Wesen des Lichts. Vortrag gehalten in der Hauptversammlung der Kaiser-
Wilhelm Gesellschaft am 28. 10. 1919. [Naturw. 7, S. 903-909 , 1919; Berlin, Springer, 1920.]



Spatio-temporal localization 
versus Huygens principle. I.

„Was aber der Huygensschen Wellentheorie eine scheinbar 
unüberwindliche Schwierigkeit bereitet, ist die von Philipp Lenard u. a 
festgestellte Tatsache, daß die Elektonengeschwindigkeit nicht etwa von g , g g
der Intensität der Strahlung, sondern nur von der Wellenlänge derselben, 
also von der Farbe des verwendeten Lichtes abhägt, ... .Rückt man also 
das Metall immer größere Entfernung von der Lichtquelle, ..., so fliegen 
trotz der schwächere Beleuchtung die Elektonen doch immer mit dertrotz der schwächere Beleuchtung die Elektonen doch immer mit der 
nämlichen Geschwindigkeit heraus; ...

...woher nimmt ein herausfliegendes Elektron seine Bewegungsenergie, 
wenn schließlich die Entfernung von der Lichtquelle so groß wird daß diewenn schließlich die Entfernung von der Lichtquelle so groß wird, daß die 
Lichtintensität fast ganz verschwindet, während doch die Elektronen 
keine Spur einer Verminderung ihrer Geschwindigkeit zeigen? Es müßte 
sich hier offenbar handeln um eine Art Anhäufung der Lichtenergie auf 
die Stellen, wo die Elektronen abgeschleudert werden – eine Anhäufung, 
die der allseitigen gleichmäßigen Ausbreitung der elektromagnetischen 
Energie nach der Huygensschen Wellentheorie gänzlich fremd ist.”
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Planck M, Das Wesen des Lichts. Vortrag gehalten in der Hauptversammlung der Kaiser-
Wilhelm Gesellschaft am 28. 10. 1919. [Naturw. 7, S. 903-909 , 1919; Berlin, Springer, 1920.]



Planck’s characterPlanck s character.



An important heritage [ Lise Meitner on Planck’s personality. Quoted from Hans C. Ohanian, Einstein’s 
Mistakes. The human failings of genius. (W W Norton & Company, New York, 2008) ]



“Was mich in der Physik von jeher vor allem interessierte, 
waren die großen allgemeinen Gesetze, die für sämtliche a e  d e g oße  a ge e e  Geset e, d e ü  sä t c e 
Naturforgänge Bedeutung besitzen, unabhängig von den 
Eigenschaften der an den Vorgängen beteiligten Körper.”
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Sándor Varró, Black-body radiation and the forgotten heritage of Max Planck. 

AbstractAbstract.
Besides the discovery of the fourth fundamental physical constant h, Max Planck 
(1858-1947) has solved various important problems in physics. Our point is that, 
beyond their mere historical interest, Planck’s several forgotten results still may have 
relevance even in the everyday practice of modern physics including for instancerelevance even in the everyday practice of modern physics, including for instance 
wave propagation, laser noise or general phase-space quantization. 
On the occasion of his 160th birthday, first, we keep track of Planck’s lesser known 
original thoughts concerning the black-body radiation problem, and we shall also deal 
with his second theory which already contained the concept of induced emission andwith his second theory, which already contained the concept of induced emission and 
the zero-point energy. We also show Planck’s original derivation of the natural 
system of units (Planck length, mass, time and temperature), which plays a 
distinguished role in cosmological physics.

{Plenary talk delivered at Planck 2018 Memorial Scientific Symposium [10-11 October 2018, 
Hungarian Academy of Sciences, Central Building, Széchenyi square 9, Budapest, Hungary]}
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Planck’s ‘third theory’. [ It also offers the first 
theoretical interpretation of the Franck-Hertz experiment. ]

„Wenn nun diese Bedingung [ qr < f ] erfüllt ist und ein 
Zusammenstoß erfolgt, so soll der Energieaustausch zwischen 
Partikel und Oszillator stets in der Weise stattfinden, daß der 
Oszillator seine ganze augenblickliche Schwingungsenergie an die 
Partikel abgibt, während gleichzeitig die Partikel nur das größte 
Vi lf h d E i t h l h i ih ki ti hVielfache des Energiequantums h, welches in ihrere kinetischen 
Energie enthalten ist, an den Oszillator abgibt. Wenn also z. B. die 
kinetische Energie der Partikel kleiner ist als h, so gibt sie gar 
keine Energie an den Oszillator ab1keine Energie an den Oszillator ab1.
„...Thus, e.g. if the kinetic energy of the particle is smaller than h, 
then it does not give energy to the oscillator at all.”
-----------------------------------------------------------------------------------------------
Fußnote1: Diese Hypothese erhält eine experimentelle Stütze durch 
die wichtigen Resultate der neuesten Untersuchungen von J. 
Franck und G. Hertz, Verh. d. D. Physik. Ges. 16, S. 512, 1914.”
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Max Planck, Eine veränderte Formulierung der Quantenhypothese. Sitzungsberichte der 
Preußischen Akademie der Wissenschaften, 1914, 918-923 (1914). (Vorgetragen am 23. Juli 1914)

y



Z. Donkó, „The experiment of J. Franck and G. Hertz, 
100 years ago and today”. [ Planck’s third theory is 
the first explaination of the Franck Hertz experiment. ]

J. Franck und G. Hertz, Über die Erregung der Quecksilberresonanzlinie 253,6 mm durch 
El kt tö V h dl d D t h Ph ik li h G ll h ft 16 J h 15 A il 1914Elektronenstösse. Verhandlungen der Deutschen Physikalischen Gesellschaft 16. Jahrg. 15. April 1914.,  
Nr. 7.,  Seiten 512-517 (1914). Z. Donkó, „The experiment of J. Franck and G. Hertz, 100 years ago and 
today”. Talk at Seminar of SZFI, Wigner RCP (2014).



Planck on plasma partition function
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Ebeling W, Contributions to Plasma Physics 2017; 57:441–451. [ M. Planck, Ann. Phys. 1898, 
34, 139. ,  M. Planck, Annalen der Physik 1924, 75, 673. ]



Planck M., Energy fluctuations by superposition of periodic oscillations [ 1923 ]

„A probléma a 
következőképpen 
fogalmazható meg 
általánosan. Ha egy 
adott p számú, 
ugyanolyan 
energiájú és 
közelítőleg azonos 
frekvenciájú 
periodikus hullám 
szuperponálódik, p p ,
akkor az eredő 
energiában 
ingadozások lépnek 
fel az interferencia 
miatt, és annak a 
valószínűsége hogy valószínűsége hogy 
valamely időben ez 
E és E + dE értékek 
között van W(E)dE 
alakban fejezhető ki, 
ahol... (1)... Arról 
van szó  hogy a W(E) van szó, hogy a W(E) 
függvényt 
megtaláljuk minden 
adott  értékű egész p 
számra.”

M. Planck, Energieschwankungen bei der Superposition periodischer Schwingungen. Sitzungsber. der Preussischen
Akademie der Wissenschaften , S. 350-364 (1923)



Planck M., Energiafluktuációk periodikus rezgések szuperpozíciójánál [ 1923 ]

M. Planck, Energieschwankungen bei der Superposition periodischer Schwingungen. Sitzungsber. der Preuss. Akad. 
der Wissenschaften , S. 350-364 (1923)



Composition formula for the distribution of the total energy of 
the superposition of waves having the same energy the superposition of waves having the same energy .
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M. Planck, Energieschwankungen bei der Superposition periodischer Schwingungen. Sitzungsber. der PreuAkad. 
der Wissenschaften , S. 350-364 (1923). Eq. (7): rekurziós formula Wp (E) – re. 



p = 3 módus esetén W3 ( E ) Elliptikus Integrál 
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M. Planck, Energieschwankungen bei der Superposition periodischer Schwingungen. Sitzungsber. der PreuAkad. 
der Wissenschaften , S. 350-364 (1923). Eqs. (9-10-11):  p=3, Elliptic Integral of first kind W3 (E)  . 



Fluktuációk  lézernyalábban, termikus, koherens [ L. Mandel,1965 ]1

L. Mandel, Phys. Rev.138, B753-B762 (1965)



Fluctuations in laser beams, termikus, koherens [ L. Mandel,1965 ]2

The 
distribution 
P(U), derived 
by Mandel is by Mandel is 
nothing else 
but Planck’s 
W(E) 
function  function, 
their 
physical 
meanings 
coincide  too  coincide, too. 
[ L. Mandel, 
Phenomenologi
cal theory of 
laser beam 
fluctuations 
and beam 
mixing. Phys. 
Rev.138, B753-
B762 (1965) ]

L. Mandel, Phenomenological theory of laser beam fluctuations and beam mixing. Phys. Rev.138, B753-B762 (1965)

B762 (1965) ]



Fluktuációk  lézernyalábban, termikus, koherens [ L. Mandel,1965 ]3

)()( 19231965 EWUP PlanckMandel  

L. Mandel, Phenomenological theory of laser beam fluctuations and beam mixing. Phys. Rev.138, B753-B762 (1965)



Planck on electron diffusion
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L. BASS and A. J. BRACKEN, REPORTS ON MATHEMATICAL PHYSICS Vol. 73 (2014) pp 65-75.    
[ W. Nernst: Z. Phys. Chem. 2 (1888), 613., M. Planck: Ann. Phys. Chem. 39 (1890), 161.


