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Einstein |

Albert Einstein
(1879-1955)
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Bose-Einstein Distribution |

FiGure 5.13. 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 eneray level degeneracy g, +9
dm not apply. population A: =14
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Bose-Einstein Distribution |

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

Q(N,, N, N,) = H(N Zg' ))_'
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Bose-Einstein Distribution

Lagrange's multiplier method

oInQ of oh
+o—+
ON. ON. oN

Stirling's approximation
In(n!)~ninn-n for n>>1

In(N, +9,-1)-InN, +a+ SE; =0

N. 1 1

foe (B )=—L= —_
o (E) g e“e’S -1 p KT
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1 N o
fee (E) = BeE kT _1 (Vj :_[0 g(E)fee (E)dE
bosons

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

foe (E) = E ,kgT =) (for photons or phonons)
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Enrico Fermi
(1901-1954)
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Paul Adrien Maurice Dirac
(1902-1984)
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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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N=N,+N,+---+N,
U=EN,+E,N,+---+E N_

Q(Nl’N2"°"Nn):ﬁ g;

1 N !(g, — N, )
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Fermi-Dirac Distribution |

—InN; +In(g, - N;)+a+ BE =0
N. 1 1
g e“e’m+1 kT

1
Tep (E) - aEEr)kT L q
E. : Fermi energy, Fermi level, chemical potential

N 0
(Vj fermions ) J‘O g(E) fFD (E)dE
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Probability that energy state £ is occupied

0 1 2 3 E (eV)
SE—— Fig. 10-8, p.350
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E,(r,t)=E,(t)sin(k,x)coslk,y)sin(k.z) .

E, (r,t)=E, (t)sin(k,x)sin(k,y)cos(k, z)
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Cavity Modes || |

kK,=m, /L, k,=m, /L, k,=m,/L

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

x1 'y iz

k-E(t)=0

kX
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p( f )df =p(k)dk
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Planck’s Blackbod= Radiation Law |

8hf ° 1
c? exp( hf j 4
KT

h=6.626x10"2*]-5  Planck’s constant

u(f,T)=
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8 f? 1

u(f,7) = p(f){n)hf =

- hf
c> exp(hf/k,T)-1
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Fig. 10-9, p.353
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Einstein’s Theor= of SEecific Heat of Solids |
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Debye’s Theory of Specific Heat of Solids |

Coupled harmonic oscillators
Phonons
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S(E) J(E)

T=0K T>0K
1.0

(a)
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Fig. 10-11, p.357
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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 1s 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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Fermi-Dirac Distribution in 3D Structures |

g(E)dE = DVEdE
8\/§7zm§’/2
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DJEE

E—Er )/kgT +1
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n(E)dE =
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n(k)
At T =0K

E_ Br _E 3/2
T=0K v =D JEdE_3DEF

h2 3N 2/3
= 0= (&zvj

Fig. 10-12, p.358
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FIGURE 5.11. Schematic repre-
sentation of electron density as
afunction of energy for a three-
dimensional free-electron gas.
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