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Comment on “Analog of Planck’s formula and effective temperature
in classical statistical mechanics far from equilibrium”
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The attempt of Carati and Galggithys. Rev. B61, 4791(2000] to derive the Planck formula as though
it were due to long relaxation times is shown to be correct only if there is a single temperature and therefore
no transients.
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Any attempt to derive some results of quantum mechanics The second criticism regards rapid variations of tempera-
from classical mechanics is interesting and worthwhile. Thidures, since even if Carati and Galgani do not at present
is the case of the recent paper by Carati and Galffghi succeed in predicting values for the relaxation times, the
where an analog of Planck’s formula is derived from classidatter must be symmetric for excitation and deexcitation, i.e.,
cal statistical mechanics far from equilibrium. The equilib- for heating and cooling down. According to Carati and
rium distribution function of the power spectral dengifw)  Galgani, the relaxation times increase exponentially with the
of a blackbody should therefore be that of Rayleigh andgngular frequency @ and, for w=wy ,where wy
Jeans. The idea of Reff1] is that the low frequencies are —2 8xT,/# is the » value at whichpp(w) is maximum
rapidly excited because of collisions and they thereforey; 1 they should be very long. Consequently, the predicted
rather_qwckly reach eqw!|br|um. Actually, fotw<KT, the r{)CG(U),T) should be almost insensitive to rapid variations
Rayleigh-Jeans formula is very close to that of Planck. | of temperaturd for w=w,, . Let us consider a cavity with a

high frequencies, the relaxation times increase exponentiall : :
with w, with the consequence that an analog of the Planck’s%{mall hole(that approximates rather well with a blackbody

formula is obtained. Another consequence of R&f.is that at a temper_atureTl. The relevant obser_ve(_j spec_trum IS
their spectrumpcg(w) should gradually vary in time as it pe(@,Ty). Itis easy to cool down the cavity in a minute to
approaches the Rayleigh-Jeans spectpum This variation & NeW Tp<Ty (for instance, T,=T,/2), for which the
should be measurable in correspondence with the drastic d8€W Pce(@,T2) should be practically equal t@g, for
parture ofpcg from the Planckpp, roughly starting from

w=KkT/h. An_experimental apparatus of the kinq used in the Pri(®, T ! Pri(@, Ty
COBE satellite, able to measure the whelew) in a few p(w) .
seconds, should detect the variation by repeating the mea- : pe(®, T)
surements in thev region 0.3<A4w/kT<1. To address the S (

measurement in the most convenientrange, it would be
very useful if Carati and Galgani gave some order of mag-
nitude for the relaxation times as functionsffor a given R
T value.
There are, however, two criticisms against the work of S A /g Ty)
Ref.[1]. The COBE satellite has found a perfegt for the s
cosmic background microwave radiatit@BMR) at 2.73 K
in spite of the fact that the CBMR has the whole age of the
universe to approach equilibrium, at least foKAw/kT J
< 2. Moreover, astrophysical observations are in agreement
with pp starting from an age of-2x10° yr. The electro- om(T>=T1/2) Ou(T) ®
.magnet.ic(e.m.) spectrum coul'd significantly differ fromp FIG. 1. Power spectral densitiggw, T) (erg s cni®) vs angu-
in the _f|rst minutes of the eX|s_tence of the universe, correy,, frequencyw (s~ 1) for two temperaturesT, and T,=T,/2 [in
sponding to the nucleosynthesis era. But, contrary to the preeyyin (k)]. The subscript RJ denotes Rayleigh-Jeans, CG stands
dictions of Ref.[1], the differences should regard low fre- {or carati-Galgani, and P for Planck. A rapid cooling down frém
quencies, less than the plasma frequefridy to T, should leave pcd w>wy(T1),T,] practically equal to
pp(w,T4), while for o<wy(T,), it iS pcg=prj- The connection
pce(w,T,) between these two regions is shown by a continuous
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w<kT,/h, but (see Fig. 1 pedow(Ty),T,] radiation is larger than 18 times the atomic radiatioh.
_ Moreover, in our expanding universe, the spin motion, which
= > . . . .

ped om(T1), Tal>pelou(Ty). T2l is almost monochromatic, brings abds{ a power spectral

This suggested exp§r|ment ShO,U|d be performed to Shq\ﬁensitypzpp(w) for the ubiquitous, stochastic e.m. field pro-
that there is no appreciable delay in reaching the Planck d'sﬁortional tow? up to and including the spin frequenay,
tribution. Although not aimed at accurately measuring hypo-
thetical relaxation times, the ovens in which temperatures pzeH @) =Aw’0(ws— o), ()
from 800 °C to 3000 °C are measured by means of the cologhere g(x)=1 for x>0 and 6(x)=0 for x<0. For
[corresponding to the maximum(w) value in the Planck < wg, spectrum(1) is Lorentz invariant and special relativity
distribution] reach their maximum, steady brightness with nocan be derived from it since both sizes and atomic frequen-
appreciable delay with respect to the temperature measurddes depend on {t5]. The proportionality constark appear-
by a thermocoupléwhich is sensitive to the low frequency iNd in Eq. (1) turns out to be expressed in terms of the
part of the Planck distribution, i.e., the one common to theg:r?gle |lr:10trr]1$gi?1t|v é?geefr%r?hne th'gg’o :rl]ielﬁzl]e%rc?rrr]] z;\frage
Rayleigh-Jeans distributignlt is also a common observation ing EqY(l) with the exp;ression ofF:he zero-%oir{t fie(IEgF)
that when we turn on an incandescent lamp, its brightnesg,s oep),
related to the spectrum of the emitted light, reaches its steady

value in a fraction of a second. The Carati-Galgani theory is poen( ) =hw’(2m*c) @)

therefore valid and correct only if a single temperature s s therefore possible to relatée to the above-mentioned
consideredwithout transients cosmological quantitie§5]. Moreover, whilepgep— o for
This drastic criticism is not at all against any attempt tow— (it is one of the divergences of QBDpzpr given by
derive pp from classical physics. First of all, Carati and Gal- Eq. (1) is truncated ab»s. The spin motion together with Eq.
gani can improve their treatment and overcome the abovgl) allows one to derive the Schdmger equation5,8], and
difficulty. Moreover, all the criticisms raised against classical T thatpe(w). In this treatment, there is no problem of
physics in textbooks of quantum mechanics are actualltlme since eqwhpnum is reached in a very short time be-
. . . . ) Xause thep,p w) increases very strongly with.
against an incomplete classical physics. The latter, in fact,
requires that all the particles of the universe, having an ac-—
celere'lted motion, rad'f"‘te,so that there.: IS a uquUIFous, St0—1-|-0 obtain a completely classical treatment, the spin motion must
chastic electromagnetic fieltB]. Assuming that thezitter- o gerived and not only hypothesized. This is what one of us is
bewegung or spin motion, is the realistic version of the {ying to do by means of a new model of particles and fields men-
solution for a free electron derivable from the Dirac equationtioned in Ref[5] and using the recently found laws of refraction in
according to Barut and Zanghd], it turns out that the spin moving medig6]. See also Ref.7].
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