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Derivations of black-body radiation formula and their implication
to the formulation of modern physics
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Abstract Black-body radiation, or Hohlraumstrahlung or Wéarmestrahlung, is a duck that laid gold eggs
in modern physics. In a sense it is the cradle for modern physics. The significance of black-body radiation lies in
the fact that it is the only physical situation involving all the three universal constants, i.e., ¢, k¥ and /. Being
immune to experimental errors, it provides a norm for the radiators, and serves the standard for absolute
temperature. The derivation of the spectral distribution formula sets an exemplar model for physics research. The
correct spectral distribution formula has been derived by Planck, Debye, Ehrenfest, Pauli, Bose and Einstein
based on various distinct assumptions in the early period of last century, and even derivations from the theory of
relativity have been obtained in recent years, which lead to a lot of modern physics establishments such as
quantum mechanics, the quantum theory of solids, stimulated emission of radiation, quantum statistics,
relativistic statistics, etc. A detailed review of the study of black-body radiation problem brings us to a voyage
through the legendary history of modern physics helping us get the feel of doing physics, for instance, the author
was inspired to find a new simple proof for the necessity of radiation energy localization.

Keywords black-body, black-body radiation, heat radiation (Warmestrahlung), cavity radiation (Hohl-
raumstrahlung), kinetic theory of gas, thermal equilibrium, irreversible process, entropy, absolute tempera-
ture, Kirchhoff’s law, Stefan-Boltzmann's law, Wien's displacement law, Wien's spectral formula, Rayleigh-

Jeans formula, energy equipartition, Planck’s equation, Planck’s function, Planck’s spectral distribution
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formula, oscillator/resonator,

energy quantum, discontinuity,

quantum mechanics, action quantization,
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stimulated radiation, Bose-Einstein statistics, Bose-Einstein condensation, Fermi-Dirac distribution, thermo-
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I B 4 P 34 $ 2 JE B 3 Ji1 [Charles Coulston
Gillispie, The Edge of Objectivity: An Essay in the
History of Scientific Ideas, Princeton University
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#H [5] [Belfour Stewart, An account of some experi-

ments on radiant heat, Tramsactions of the Royal
Society of Edinburgh 22, 1-20(1858); D. M. Siegel,
Balfour Stewart and Gustav Robert Kirchhoff: two
independent approaches to Kirchhoff’s radiation
law, Isis 67(4), 565-
600(1976)],
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hoff, On the motion of electricity in wires, Philo-
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in conductors, Apeiron 1(19), 19-25(1994)], w1
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1859 4%, JE/RERIEICHENFIT P LB T (U
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K8, KRB TEHERBKK, kKitheh 5Wiks
ZHA O T B ARtk . Ber T Ry RS
Tl Rl PE R o R S B AE & A T ) EB A [R] Y K
B A J& Lambert % 55 4 (fiy 44 3 B Johann Heinrich
Lambert, 1728—1777), 18604, A/RERIEH
T 52 % 2 (vollkommen schwarze) (I HE 2 . T8
SEREI BT A IR I B ReRd R, TR IRy
Ytk 2 h 58 4 BB, B0 kR AR A 2R A (Ich
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schwarze, nennen)” , BEAS S B WA LE 48 5B o,
ME vk & 6 Blm H ERe iy se amii, Bk
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Wtk Z A5G A S RE D AICRE ) Z BT 5%
27 WICEP.277) B St H [Gustav Kirchhoff,
Uber das Verhiltniss zwischen dem Emissions-
vermégen und dem Absorptionsvermogen der
Korper fiir Warme and Licht, Annalen der Physik
und Chemie 109(2), 275-301(1860)], — it A& 7F
1862 4R JL /R E Rl | AR M FRSHX /A,

B KRS, f8iE Schwarzkorperstrahlung, 2
17 1H =2 %k ] schwarze Strahlung( 2 {48 51), L
Z [ T 3H 1910 A Se o, 22 DRI SO ¥ ook s 4
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2 PRI IH 1907 A SCEE . 1 2 3k SC Sk T i sk Y
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KR T RIS E A A LAFRIR N . ARk (1
BRI ZE ), HE RGP i Y & B e D 5 iR
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T, [JaKdr=["e,dr, Hh e, BRI % ST AE
By a, P ERIRI R K, K, 2 AN R
S0 B . oF o B BT A B R RY R, i
a,K,=e,, K,=e/a, , PFrIERE/REREHR, B
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