Agenda: Quantum Statistics

Concepts in quantum mechanics
« Quantal traveling waves and translational motion
* Quantum model for vibrations (also Bosons)
* Quantum model for vibrations

Quantum partition functions for Fermions

Quantum Fermi gas

Bosons, Bose radiation gas

W. Udo Schroder 2021 Fermi-Bose Stats



Planetary Electromagnetic Photon Flux

Absorption of solar radiation by the atmosphere is
determined using spectroscopic satellite, aircraft, and
surface data. See recent Atmospheric Radiation
Measurement Enhanced Shortwave Experiment (ARESE)

See, e.g., F. P. J. Valero et al., J. GEOPHYS. RES., 105, 4743 (2000)
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Photons of Electromagnetic Radiation

Electromagnetic radiation 3D waves materialize as photons = energy packets

Radiation frequency v, circular frequency @ = 2x -v, wave length A
speed of light c=4-v

Energy quantum s=h-v=h-o ,

linear momentum p = g/c

Angular momentum (spin = 1) — Boson

2 polarizations degeneracy =2, mass m,, =0,

Compton Scattering

relativistic & = \/(p : c)2 + (mphc)z =p-C

Occupation of ¢ | f (&)= n

Phase space density (waves in a box)

dn(v) = 2h—d3ﬁ d3*—277—‘/47zp2dp 2d—V47z Vdv



Planck's Radiation Law
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Stefan — Boltzmann Law : Rad energy /time - area

Stefan — Boltzmann constant
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Radiation Pressure

Radiation field enclosed in a container (box, cube side length a)

P Statio;@ry PIB WF‘S ] B 0 . B
e Generally : (p) - —(W<E>L (€)= (n)-s
% 8 0 . . .
3;6 <p>:_§<ni>.£avgijs g=I0-h-v=i-h-c/A=2i-h-c/a
O o o -
s 3 —= g =2i-h-c.v¥3 —>[a€,j __Zipcv3-_La
& ]‘/\ oV ' )s 3 3V
Ny
¢ 0070204 06 08 1
x/a Boson pressure Classical gas pressure
1(E) 1 2 (E)
wp)=37 =3 ull) Pla =3

Pressure (momentum transfer to wall)

[l

| ~
2
—~
<
N
\'
N

3 dv
W. Udo Schroder 2021 Fermi-Bose Stats 5



Planck's Radiation Law
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Stefan — Boltzmann Law : Rad energy /time - area

Stefan — Boltzmann constant
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Partition Function and Radiation Pressure

Radiation field enclosed in a container (box, volume V) > phase space !

o~ Stationiey TH Wh's Photon number dn = 2 -2 d3 p (2 polarizations)
X 10— h3
£ ]8 g
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Massive Bosons (Noble Gas Atoms)

Based on phase space :

~ e 9(e) = o= 25V (2m)* e = C

> g(0)=0 (OK for Fermions) —
ground state for Bosons not included

at T=0 - Boson ground state ¢= 0,

7 c all Ag Bosons are in ground state

PN =F) = 120 fO)=Wo= 5,

Large # Bosons : Ay >1—»>e '+ - 1
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Massive Bosons

T=0 - many (=A,) Bosons are in ground state

27 3/2 % \/E
=__V(2 —— de¢
h’ (2m) g efs -1
0 definite
A < — 2_72- V (kaB )3/2 [ idx integral
h’ 0eX -1 1.306\%

2rmKg TT/Z

A = 2.612-V-( =

At T =Tz ="Bose temperature"A,,. = A:

i A Y
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Bose Condensate

Boson Populations Ag, Aey Critical Bose Temperature

A 2/3

h? A
A TB =
2rmkg\2.612 -V

exc

Aexc (T) _ {(T/TB )3/2 for T < TB

[ T, T> A 1 forT > Tg

In gs. =0 at finite T < Ty :

Ao(T) = A=Ay (T) = A- {1 - %fz}

0

u

T>Tg > A (T)
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Bose Gas Properties

T<Tg > estimate Boson energy

f
E
<g (T)> - kBT AeXC (T) ~ A- (T/TB )3/2
(E) = Ak -(T/Tg)" % o 752
d 5
CV ~ d—T<E> ~ EA . kB . (T/TB)3/2
More accurate :
? 1.93Akg <E> :0.771AkBT(T/TB)3/2
Vs
¥ ' CV:1'93'A'k8'(T/TB)3/2£1.93.A.k3
%AkB -------------

T>Tg > Boson energy <E> & C,
: approach classical values

E Experimental check: heat capacity of
) liquid 4He = bosons (J = 0), A-point
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BEC area of current research

End of
Fermi-Bose Statistics
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