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When studying the Planck equilibrium spectrum it is frequently stated that the the notion of a quantized radiation field lies at its root. The present work, however, supports an alternative approach in which Planck’s law is a physical result whose ultimate meaning is the existence of the zero-point energy. 

Our analysis is based on that developed by Boyer [T.H. Boyer, Am. J. Phys. 71, 866 (2993)] in which he shows that the thermodynamic description of the harmonic oscillator allows for a non-thermal energy at zero temperature (the so-called zero-point energy) proportional to the frequency of the oscillator. While the classical treatment assigns a null value to this temperature-independent energy, the more general solution of a zero-point energy different from zero drastically modifies the classical behaviour of the system in equilibrium, in particular violating energy equipartition among the oscillators. This has been shown in Boyer’s paper where he makes the smoothest possible interpolation between energy equipartition at high temperatures and zero-point energy at low temperatures to arrive at Planck’s spectrum. In the present talk we show that this interpolation procedure can be avoided by adding statistical arguments consistent with the thermodynamic relations derived by Boyer. Our approach leads unequivocally to Planck's law and reveals the decisive role of the zero-point energy in defining the quantum behaviour of the system. Moreover, the result shows that the Planck spectrum does not require any quantum hypothesis since no explicit quantum argument is introduced along the derivation. This leads us to analyse and reinterpret the foundational works of Planck and Einstein that led to the notion of the quantized radiation field and to look for the relation between the discrete and continuous behaviour of the energy in the notion of zero-point energy.

Once it has been established that the quantum behaviour of the system emerges from the sole existence of the zero-point energy it is natural to inquire into its relation with a distinctive property of quantum systems, namely the existence of temperature-independent fluctuations. Thus we complete the statistical description to allow for fluctuations of the zero-point energy, a procedure that correctly accounts for both thermal and non-thermal contributions to the dispersion of the energy. The analysis provides a deep physical understanding of the quantum fluctuations, these being identified as due to the fluctuations of the zero-point field.

