5.5 Statistical thermodynamics

Statistical entropy

Boltzmann S=klnw (5.104)

formula® ~klng(E) (5.105)

Gibbs entropy? S= —kZpi Inp; (5.106)
i

é\; worlevel W= (N_Ln'),n, (5.107)
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“Sometimes called “configurational entropy.” Equation (5.105) is true only for large systems.

bSometimes called “canonical entropy.”

Ensemble probabilities
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“Energy fixed.
bAlso called “sum over states.”
‘Temperature fixed.

dTemperature fixed. Exchange of both heat and particles with a reservoir.




Macroscopic thermodynamic variables

F Helmholtz free energy
Helmholtz free Fe—kTInZ (5.114) k  Boltzmann constant
energy T  temperature
Z  partition function
. . —_ ®  grand potential
Grand potential ®=—kTInZ (5.115) o .
Z  grand partition function
dlnZ U internal energy
Internal ener U=F+TS=— ‘ 5.116
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0T lv.N oT V.N N number of particles
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g,oie, bEltr,lSte;n fi= (5.120) ith state
istribution eBle—n) —1 5 —1/kT)
Fermi—Dirac fim (5.121) €;  energy quantum for ith state
distribution” P eBle—w 41 ) i chemical potential
ep  Fermi energy
2 2 2/3 P
Fermi energy* er— i 6m°n (5.122) oo lar'lck constant)/(27.r)
om g n particle number density
m  particle mass
g  spin degeneracy (=2s+1)
Bose 2nh2 n 2/3 { Riemann zeta function
condensation To=" | ——— (5.123) {(3/2)~2.612
k 1gl(3/2) i
temperature m g T. Bose condensation
temperature

“For bosons. f;>0.
bFor fermions. 0< f; < 1.

“For noninteracting particles. At low temperatures, yu~ €.




Population densities”

n g (1 ) n;j number density of atoms in
. . —Cmi — 13 o o
Boltmann 2% = £ [ U] (500 | otton ot of oo
excitation v N h gij level degeneracy
ati 8&mj Vi Y
equation =—CXp ( kT > (5.125) %ij excitation energy relative to
8lj the ground state
N Zi(T)= Z gijexp (;);:J) (5.126) | Vi photon transition frequency
Partition ; h  Planck constant
function ni: - — s k Boltzmann constant
M= S exp (L) G127 | 7 emoerat
N;  zi(T) kT emperature
Saha equation (general) Z; partition function for

3 ) ionisation state j
nij =no j+1Me ggU ?(2nmek T)*3/2 exp (M) (5.128) N; total number density in

0,j+1 kT ionisation state j
Saha equation (ion populations) ne  electron number density
me  electron mass
N; ZAT) 10 DR -
 —=n, i(T) —(Q2umek T ?exp (ﬂ) (5.129) | x; ionisation energy of atom in
Njii Z(T) 2 kT ionisation state j

4All equations apply only under conditions of local thermodynamic equilibrium (LTE). In atoms with no magnetic
splitting, the degeneracy of a level with total angular momentum quantum number J is g;; =2J +1.



