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During recent years there have been a number of physical and astrophysical
applications of quantum statistics. In the present note we shall consider the
properties of the Fermi-Dirac and Bose-Iiinstein  distribution  laws which corres-
pond to the Wien's displacement jaw in the case of black-body radiation. 1t is
useful sometimes to know the value of the cuergy corresponding  to the maximum
in the energy-distribution curve of the particles in the assembly or the value of the
de Broglie wavelength corresponding to the maximum in 1he distribution with
respect to the wavelength associated with the particles. These arce given in the
present paper for the various cases of degencracy aud non-degeneracy.

The number of photons of black-body radiation Jying within the energy
range € to e+ de at temperature T' is given by Planck’s law
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where Li(e)de is the energy per unit volume of the photons lying in the encrgy
range € to e+ de.
Yi(e) is maximum for e=e,, where en is given by
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which gives 1=¢ / (1 - 3 kT)
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or

If we consider the photon  distribution from  the standpoint of wavelength
instead of energy, we have for the cnergy of photons in the wavelength” inter val
Ato A4 dA

E(\)dA 8xch "\
YA)dA=- — G d
)\'"'(c{‘h / ART -I)

and Ti(A) is maximum for A=A, where A, is given by
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We  shall now discuss the case of Fermi-Dirac statistics. T'he energy-

.2
distribution lrw in the completely non-relativistic case (n,u’,l‘ >>1 ) is’
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where Ti(¢)de is the energy per uuit volume of the particles lying in the energy
range c¢ 1o e+ de.

Differentiating the above with respect to ¢ and equaling to zero we get for e,
the value of e corresponding to the maximum of the distribution curve,
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However, if we consider the energy distribution in terms of wavelength, we have
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Putting dL—(—) =0
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we obtain . cy“(é;7—1>=A e (2)
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The Fermi-Dirac distribution law for the relativistic case ';,‘:]\ <<<1lis
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and this will have a maximum at e=e,, where €, 1s given by
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As before, if we consider it from the wavelength standpoint, we get

x being equal to €, /kT.
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which will have a maximum at A=A, where Ay, is given by
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T'he equations (1), (2), (3) and (4) have been solved graphically and positions
of the maxima due to the variation in A are shown in figures 1 and 2.
In figure (1) arce shown curves for the non-degenerate case (0<<A<C1) and the

details arc as follows—

Ap A 2ml'T - e s n
curve (a) shows y= i 20l against A for non-relativistic casc,
Y I i

ALkT . C
curve (b) shows = Auk'T against A for rclativistic case,
1
curve (¢) shows A =« [k’' against A for non-relativistic case,
curve (d) shows v=e¢,/k'T against A for relativistic casc

In figuie (2) are shown curves for the degencrate case (1<ZA<X),

curve (a) shows y‘:‘-/\"’\(:}zka against A for the non-relativistic case,
i
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TF16oRE 1 FICURE 2
The uppermost scale x refers to curves The upper scale for y, = refers to curves
¢ and d, a and b.
The middle scale ¥ refers to curve a. The lower scale for a refers to curves
The lowermost scale = rcfers to curve b. candd.
A kT . .
curve (b) shows z= "~ ”; - against A for the relativistic case,
ic

curve (c) shows x=¢,/kT against A for the non-relativistic case,
curve (d) shows x=¢,/kT against A for the relativistic case.

The ordinate in figure 1 represents A and that in figure (2) log A. The
abscissa represents x, ¢ or z as the case may be.
Table 1 shows the limits of the valucs of v, y and = as A varies from o to 1 in

the nou-degenerate case and from 1 to X in the degenerate case,
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Noun-relativistic case (—’;%‘ >>1
o
[
A V2ET
Range of €,/kT { Range of =7~ ;
1
e I N — - “ I
Degencrate casc, |
A varies from 1 to oc 1°756 tn o | 05652 to o
Non-degencerate case, 1
A varics from o to 1 1°5 to 17756 | 0'5774 to 0-5052
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n
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Relativistic case ( <1 )
A

Range of €, /kT Range of A KT/ e
Degenerate case,
A varics from 1 to oc 31310 oo 01994 1o o
Non-degenerate case,
A varies from o 1o 1 30 to 313 02 to or1a
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