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Recap of Statistical physics

If N particle of total energy E on No levels of
energy Er M = ZN

E = INEr
the distribution of particles is such that

Gr
NR
=-4+

+

gr = statistical weight of levet r (nd of internat freedomet
V = degeneraly parameter

if 2 =0 S Boltzmann

if
I

L = - 1 -
Bose-Einstein statistics

if 2 =+ 1 3 Fermi-Dirac

2 = -1 : O spin or integer spin (photons , mesous
,
it
, d-particles)

↓ = + 1 : half-integer spice = e-
,
et
, protons , neutrons



o degeneracy parameter is such that. 4 =* M chemica
potential

Mi = (s
,
y

For 4 - 1 Bosons-Einstein

and Fermi-Dirac

converge to Bottzmann given .

-P+ErIET-1

Remarque on the Lagrange multiplier -

When looking for a maximum of a function under certain conditions,

one can introduce a Lagrange multiplier which expresse this condition.

The chemical potential is a Lagrange multiplier .It impose a total

number of particles on the distribution
. Temperature is another one , which

constrains the total energy .
~

Thermodynamic equilibriumf
.

->

Thermodynamic systemwithone giventypeofpartiet ep,
-

-> Thermodynamic system with a variety in of number of
~

particles Ni



U = U (S , V , Mi)
&

=> du = (0)dS + (V)dri), Ni
~

·
Thermal equilibrium :

=hi
Treaches one equilibrium value

· Thermodynamical equilibrism : Thermal + chemical equilibrium

2

hi dNi = o
· No chemical reaction

: dNi indifendent => MidNi = 0 Fi

and M: 0 => dMi = 0
,
but for the photons

*ahartieae
dMito =>Mi = 0



Phase change reaction

Reaction & riAi = 0

[

↓ d
Symbol of element i

stoichiometric coefficient
-

Example of ionisation : H++ e- H

can be written H ++ e- H = 0

*

CH =

13 0+
=

When ↳
I particles"1" disappear A

Wi alpear
↑

51 alpear
·

, Vi disappear

=> di = d = di
Given an arbitrary changedN : chemicalequation ZidNico
=> ZidN=hivi

=>Mini = 0

given Pi= > Friti = 0



Excited gas and atoms

We will infer the line intensity. For this , we need to know the population
of the energy levels.

let's consider N atoms in the energy states n
,
n'eta

Non degenerated particles P-2
- ↑
e very large = L- 0

↑ -En/kT
Nu = que e

Nn'
=

qu'
e

- (En-En)/ET
Nu Gu

N = INn E= NuEn

Let's take levet 1 as a reference
-En , /kT

Nu
=
Ame

- (En-E)/kT
_
In e

(a) N1 91 81

(b) ↓=N
-

Partition function. : n(T)



If one want to know the fraction of particles (atoms) in the energy

levet in -

-

(a) + (b) > Nu = NuN AnelEn-Et
-

b(t)
uCT) can be seen as the statiscal weight of the sample of
atoms in the conditions that are considered
-

⑨
In principleone should have u(t) , s given m >a

⑳ max (Enii) stays fruits but the interactions between ious lower
S

the continuum (ff opacity)

let's take the example of hydrosen
En = -

13
-
6 (er)
n2

=> En . 1 = En-Er = 13 .

6 n21

-En , 1
2

u(t)= que
-E,i /kt -E2

, 1/kT
= g , 2 + goe

We can show qu =
2n2

=> 8: 2 ga = 8

a(t) = 2x)
+
8x2 .

7
. 10-9-2
un

a 600k (k= 8 .617102e(k)



Ionisation of gas (by-collision) : Saha's law

Ionisation is achieved when a binded-on one energy level

moves to an unbound livel.

Thus RT must be at least equivalent to the excitation hotential Fo

For example IH =
13

.
6 eV = Te105k

.

The continuum starts aboveto &

The Saha formula provides the relative concentrations of atoms

in successive conisation state. It is an extension of the Bottzmann far

applied to the naction.

neutral atom = ion + e
-

let's consider noo , no , and me >
concentration of electrons

↓
concentration-> concentration

of neutral atoms of ious

Wi, -degree of ionisation
excitation level



Statistical weight of neutral atom = goo

.. of étion = gie = 801"ge

Energy of the System -tion E = Fo+e
- Fo+ /T

We apply Boltzman at given p: )= gee
goo

ge :
available phase-space volume

elementary phase - space cell

= (2s+ 1) d3pda =
2 dVhTpidp

h3 s=
h3

dV = tre => Romed Sdpe-lIT
NB : The terms in e simplify given viNi = 0

=No + Ye-Yoo = 0

(N= grete-Er/kT)
+: 00 ; 2 ; ol



If one want the full population , one
must sum

po
on dp

noue- 85 801e-Folhte-emett prop
No h3 800

we consider %theatt
Vence (0-pd= 2mek+(

note2gme
One can generatize to any ionisation degree j-> j + 1

20lhe =
e 901H)CitmeRT-Fit

noj goj

and to any level of excitation
-

Saha Boltzmann&tre =
a got /htmeht-(I-Et

wij



-11/11/11/x Eij = Excitationenergy of the in ton

Ij-EijE
Eij

A
· Fr

Ij-tij = ionisation potential
w

D from level i , j - f+1

Ij ionisation potential from degree
j to j+1

MB = con and eare not bound
,
the free e-can have

a large range of different states,

Let's express Wj+1 summed over all ig -

nj

We have hi Gi e
Eik

or . hil-Et
-Eoj+1 IkT

and Nost
=
80fHe > Nojt = Wit180j+

Ny+ 1 S lej+#

nothe =

NiT
hij M + 1(t) njij

-
2 Soit (2tmeh+ (312 - En Eight
E he



~

the -
2 h/

Rj

·
Saha 1928.

We can express the formulaasa function of the electionic pressure.

Pe = nekT

not =
2 U (me

ionisation if TX and if Pey

&

In logarithic form , with the excitation potential in er

log (note) =-Xi logT-0 . 48 + logi




