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Lecture 2 Lecture 3
Consider a given Hamiltonian. Introduce N>>1 particles to populate these states.
How many states are there What is the probability for finding a particle
with a given energy ? in any given state?
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The probability for finding a particle in any given state
depends only on:

—y» the energy of the state
—>» the statistics of the particles
—»» the temperature and . chemical potential of the ensemble
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1 +1 Fermions — Fermi Dirac distribution
/ @ — o with a = ¢ 0 Classical - Maxwell Boltzmann distribution
CXp (k B T)/[F Q 1 Bosons — Bose Einstein distribution
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sical particles y

with a = <

0

( +1 Fermions — Fermi Dirac distribution

Classical — Maxwell Boltzmann distribution

= 1 Bosons — Bose Einstein distribution
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3/1
Fermions <= half-integer spin
Electrons, quarks...

0 4
Bosons < integer spin

Photons, phonons...

For e —u > kgT

Fermions ~ bosons ~ classical particles
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n-interacting) particles y
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] ] ] Fermions ? Fermi-Dirac

Which particles are we talking about ? Bosons ? ‘ Bose-Einstein
Classical ? Maxwell-Boltzman
Temperature ? Occupation

ies ?
What are the ensemble properties : Chemical potential ? ‘ factor
Density

1D, 2D, 3D ?
What is the “landscape’ in which these particles live ? re ‘
P P Hamiltonian ? S t(;j;e

‘ Number of particles total energy, density, pressure...
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Considef Nxlassical massive free particles in 3D, at a temperature T
ﬂ@r/ Pl Z—,ng_ 2 30-—»9&3),{.}5//5
©- - AT -
- f Je o) fE :ﬁgj de [€ /T 77T 2 fé?)j/o/% ﬁfe_m)e*/u/"‘
7
U= £/
" / s 3/ [J/A.
LT L) T
Q‘fw’} w8 )™\ L Z
— |

>0 2 9



&
_r.gy per partiC|e X

Consider N classical massive free particles in 3D, at a temperature T.  exp (k:BLT) ?(k 5)3/2 7\2/%
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Consider N free massless bosons in 3D, at a temperature T .
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27 ( e ) /[How many states with energy between E and E+dE?
Ny
= p(E)dE - D(e)dc

Nz

How many states with wave-vector between k and k+dk?

Which “volume” does this represent ? dV =V (k +dk) - V(k) = %7 (kade)” _ -lej-(l—k%(/(
]

M M (( 77 2
How many states are located in this “volume” ?  dV/ ( g)
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Consider N free massless bosons in 3D, at a temperature T .

Number of photons with an energy between € and € + de?
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DO
Consider N free massless bosons in 3D, at a temperature T. oy _ E? 1 JE
n( ) - 3 3 E
mh7c exp (kB—T) —1

Number of photons with an energy between € and € + de
going out through dS, in direction () during time dt ?
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.#TLG-LOM I bOLL 0‘[/ Lufk £<E(g4—0(£
0{\/\ (€) x dV. 4_—_0~

1

g -—E— L cChwo dodP s dt

T

15



EEEEE

@ e
Number of photons with an
energy between € and € + de ,
going out through dS, ANy (. ) — 63 1 cos@smOdeQOdetde
in direction Q up to dQ Tl exp (kBET) —1 in

during time dt
Spectral intensity of the emitted radiation ? 4. dSa{fw/% _ Aot of eneryy esteod +hy | df
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Consider N free massive fe%ns in 3D at “low” T. f N
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Consider N free massive fermions in 3D, at “low” T. N =1L 37 (—27rh ) e
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Consider N free massive fermions in 3D, at “low” T. N = L?»f,r V2m E;/2
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@ 17 panis
' tatisti :
Hamiltonian - Density Statis .ICS Occupation
+ dimension Of (or spin) factor
State of the particles
1 (41  Fermions — Fermi Dirac distribution
J (6) — . with @« =< 0 Classical - Maxwell Boltzmann distribution
CxXp (k BT) Ta . —1 Bosons — Bose Einstein distribution
Density of state - / /
+ occupation factor «D(9) /) ceDle) /(9
Classical particles Bosons Fermions
Equi-partition theorem Black body radiation Fermi energy .



