o Bose and Einstein
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b7 Bose-Einstein Distribution

'FiGURe 3.13. A possible dis-
tribution of particles among
quantum states in the ith en-
ergy level of a system to which
the Pauli exclusion principle '~ !h enery level  degeneracy g; =9
does not apply. population A; =14
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D Bose-Einstein Distribution

N=N,+N,+---+N,
U=EN,+E,N,+---+E N,

QN N, N,) = H(N Zg' ))!'
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D Bose-Einstein Distribution

Lagrange's multiplier method
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Stirling's approximation
In(n)~nInn—-n for n>>1

In(N; +9,—-1)—-InN; +a+ BE, =0

N. 1 1
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D Bose-Einstein Distribution

1 N o
foc (E) - BeE/kT _1 (V) - J‘0 9(E)Tee (E)dE
bosons

If there is no constraint of the conservation of partile number, then,

foe (E) = 1 (for photons or phonons)

eE/kBT _1
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b Fermi and Dirac
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Fermi-Dirac Distribution
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FIGURE 5.8. A possible distribution of particles
among quantum states in the ith energy level of a
system wherein the Pauli exclusion principle is

applicable.
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77 Fermi-Dirac Distribution

N=N,+N,+---+N,
U=EN,+E,N,+---+E N,

QN N, N,) = HN ,
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Fermi-Dirac Distribution

—InN; +In(g, - N,)+a+ BE =0
N. 1 1
f(E)=—2 N
o (E:) = gi | p K, T
1
fFD(E):e(E—EF)/kBT +1

E_ : Fermi energy, Fermi level, chemical potential

(ijermions ) jo g(E) fFD (E)dE
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. Fermi-Dirac Distribution
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FIGURe 5.10. Schematic representation of the Fermi
distribution function for four different temperatures.
Note the variation of the Fermi energy with temperature.
The temperature dependence of the Fermi energy depicted
here is typical of a three-dimensional free-electron gas, but
the actual variation in any particular system will depend
critically upon the density of states function (or level
degeneracies) for that system.
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Sy Comparison

Probability that energy state Eis occupied
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h o Comparison and
Bose-Einstein Condensation

Distinguishable particles

Bosons Ve = % v (D, (2)+v. (2)w, (1)
Fermions Ve = %:l//a (Dw, (2)-w. (2w, (1)
For b=a,

Distinguishable particles ~ ¥m =Va (Dwa(2)

Bosons Wg =

Fermions We =
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Comparison
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Sia Cavity Modes of Light

1 O°E(r,t)
S ¢? ot {2

2w 2mv
V-E(r,t)=0 k:l T ¢ o _—

E, (r,t)=E,(t)cos(k,x)sin(k,y)sin(k_z)

V?E(r,t)

Ey (r ,t) } Ey (t)Sin (kx X) COS(ky y)Sin (kZZ) X / v

‘-—f_._'_ —i—

E,(r,t)=E,(t)sin(k,x)sin(k,y)cos(k.z)
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Cavity Modes of Light

ke=mn /L, k,=zn /L, k,=zn,/L

n.,n.,n =0123....

x1 'y iz

k-E(t)=0
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Mode Density

1
8(47zk2dk)

(7 /L)
G(k)dk =k*dk/z’
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G(v)dv=G(k)dk
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dk k*2z 8mv°

6(v)=6(k) & =X 27 8
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D Rayleigh-Jeans Formula vs.
Planck Radiation Law

Rayleigh-Jeans Formula

E K, T
u (V)dv =EG (V)dv =k TG (V)dv _ 8v CBB dv
Planck’s Law with Bose-Einstein
= 1 hy
E = hvx e ikeT _q - e kel _q
8xh VBdV

u(v)dVZEG(V)dVZ ekl 1
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