
Excitation
,
ionisation and gas thermodynamical properties



We have looked at the population of the different energy and ionisation

Aevets .

Let's now look at how partial ionisation can affect
the gas equation of state. -j

The gas equation of state is

① Pg = nkT non

n= total number of free particles degenerate
per unit volesure gas

R
② Pz =

m
PT

R = gas constant per mole

l = mean molecular weight = mass per mote of
free particle

P = mass density
non relativistic condition



1 mote =
6 .
22

.
103 atoms = No

Definition of the atomic mass unit AMu =
M(o') M(((2)
16

=

12

M(o") = rest mass of the neutral atom 01 ~ M(H)
-

1

Becausele depends on the number of free particles in a given mass

of chosen matter
, M is impacted by the processes of ionisation , dissociation,

nuclear reaction

* change of equation of state

>
let's more to atomic mass unit S

h
,

the density in number of a mixture ofh constituant

k of theharticles of type k

n=n

ut the mass of partiste of type b

total density of the gas P = Zuh m
At the mass bes atomic unit of the particle &

Ak = mk mb
-

H MH



The general definition of le ,
in AMU

M = ImAhne2 nk
b

UR = The relative abondance in mass of the particle b
= ub in grams of particle R her gram of composite matter

HAknk
2 = man =

P

One can write up
in fonction of ap Np =

Pak

HAk

7 Z
& mGnk

=
1

P

Let's express M in fonction of Up :

= In 1

M=xm In s

#AR Ap



In astrophysics ,
some of the hastists are elections

,
which were

liberated through ionization of neutral particles (atoms , molecules

at sufficiently low temperature .

I

I

m = me + Jui
Ei the number of free particles coming from the ionization of
a partiste of type i

The density in number of e- , ne=Eini = E Pri

AiH

Meri
Ai

we write n = ne + Ini in fonction of Oui

#Ai

n=
n= nixi area ni =

1+Ei

Ai

mean ionization

(n-p
we get=mini

/Chandrasekhar)

(



If a medium is fully ionized / good approximation of stellar

interiors) , the number of liberated particles by an atom of atomic
number Zi and atomic mass Ai is Zi + 1

wi =
(zi + 1)

Ai

Example :

ionized hydrogen z
= 1 A

=
1

. 00794

#H = 10008 =
1 . 98412

louized helium Z
= 2 A = 4 .

0026

4=3 = 0
. 749200 .

73
4

For all heavy elements - fully ionized

a good alproximation is Ai-2Zi

= 1 (zi = 2)
2



let's define X
,

Yet z so that

X the ahundance in mass of hydrogen = x(H)
Y belium

= x(He)
Z of the elements heavier than He

since Ini = 1 z = 1 - X - Y

1 1
M= nixi

M =

mX +my + nzz
=

2x+ -y+ 7

M is not sensitive to the detail of the ahundance of the

heavy elements . (atomic number -2)

. For a star only composed of hydrogen
IY= 0 M = 1

·
For a star only compsed of holium X=0 Y = 1

M - 4
· If no helium

, no hydrogen X = Y= 0 M = 2

As a consequence , for a full ionization (stellar interiors)
142



·
In the case of a fully neutral medium

ni = 1 (i =1
Ai

M= equivalent to
1
_Z

M

·
In the case of a partially ionited medium /stellar enretope)

v

-
(Zi+

Ai

One can define the mean number of free et ba atom/ion

m
↳ Xi

IX · Aj

If the medium is neutral Ej = 0 => E = 0

we can write :
1/Me

Me = Elo
1)Mo



It comes

Pression of Tous + neutralatoms Po = notT
=le

Electronicpressure P = mekT=PT
Total pressure P= PotPe =

R
(IE)PT

No

=>=
=> Pq =

1

E

ionized H: wa
cool star : Le
Full equation of state : Phot = Pg + Prad

ProtPTaTY = Di with B
-

depends on the gas composition



Physical properties of the partially conised media

We now distinguish between the ionitation levels

number of atoms and ions of elementj
Vi =

total umber of atoms and ions

vi = 1

Xi = number of atom i in ionitations
total number of atoms and cons of element i

X = 1

E
=

umber of free elections

total number of atoms andions

E = Iv
&

-



We can define

1=
total number of atoms i
in a ionization state

>s

relative to the number of
atoms and ions of element i

One. can write

Si(
Example

Composite gas of hydrogen and helium

both elements are ionized

Xi = number of atoms : the ionization states
number of atomslions of species :

H: Xi = H +

; Yi = H+
= X !

H + H H+H +

He : XI = Het X* = Hett
2

He + He't Het He + He
"

+ Hett



He YHet Y =

Hett

He +He +He't He + He +Hett
-

Y = Xi + X & Ya = X

= :Y = r Xi + re (*) + r

Xe= X , Xa = X Xg = X
let's simplify & Ye = 4 ! Ya = Ye Ys : Yethe naming

we get
E = r

, Xe + ra(X+ Xz) + vaXz
E
= rX1 + rqXg + 2vaX

Whatdoes Saha say ?

Wat Pe = Cur (ete
Ap

Pe 1 +E

Pg
=

E #



=2h(1e-FrPg

= 2urH (2me)(RT1-Frt
lefts startby the change from neutral state to listionization

X . Pe
= &niou (fameet

-

I, /kT
R

(1 - X , ) Pg BP

= k1

let w
. =
2 hion-2MHt
l neutral MH

XI E
=
k

,

(1 - X ,) 1+E

We continue with-neutrat state of He : 1-Xa- X ,



We end with a system of 4 equations with b unknowns.

X1 E
= k1

X2 E

I
1 -X ,

1+E

1 - X2 -Xz.
1 +E

= ka

X E = Ks

E = ve Xi + r(Xa + 2Xs)

The partition functions are tabulated

↳ -> K,Ka,kzThe excitation pototentials as well
known

I (H) = 13 .

598 ev wi = 2

In (He) = 24 .

587 ef wa = 4

Es (He) = 54 .
416 eV wz =

2




