
The Classification of Stellar Spectra

Reading assignment:
TUESDAY 10/6: Chapters 8.2 (carefully) and 2.4 
(don’t worry about demonstration, focus on concept)

Homework Assignment #2 
Due by TUESDAY 10/6



ECLIPSING BINARIES to determine radii and ratios of temperatures: if the smaller star is 
completely eclipsed by the larger one, a nearly constant minimum will occur

The dip in the light curve is deeper when the hotter star is behind its companion, from the 
Stefan-Boltzmann law and from the fact that the same total cross-sectional area is eclipsed. 

[erg s-1 cm-2]



When both stars are visible: 

If the smaller star is also the hotter, when the hotter star is entirely eclipsed:

When the cooler star is behind:

Area of larger star minus 
the area eclipsed by the 
smaller star



i.e., from the measurements of the light curve of the system, 
one can determine the ratio of temperatures of the two stars

From it, we can measure R once Teff and L 
are measured from independent techniques.

MEASURABLES: L, Tsurface, R, M
spectral features —> chemical composition at the stellar surface

==> theory of stellar structure and stellar evolution 



Five concepts of stellar temperature for the photosphere (surface of star):
1. Effective temperature Teff
2. Color temperature Tcol
3. Kinetic temperature Tkin
4. Excitation temperature Texc
5. Ionization temperature Tion

1. Effective temperature Teff

Temperature of a blackbody with the 
same radiated power per unit of area



2. Color temperature Tcol

Temperature of a blackbody with the 
same ratio of specific fluxes at two 
different wavelengths



3. Kinetic temperature Tkin Maxwell-Boltzmann distribution of velocities

Ratio between the kinetic energy mv2/2 and the thermal energy KT: 
low probability for particles to be much away from KT



MAXWELL-BOLTZMANN EQ.



Peak of the distribution, i.e., most probable speed:

Average speed:

Average of v2: 

Kinetic temperature



MAXWELL-BOLTZMANN EQ.





vpeak~29,000 mph
vrms~35,000 mph



4. Excitation temperature Texc

Boltzmann’s Equation for the atoms of a given 
element in a specific state of ionization

The atoms of a gas fain and loose energy as they collide

For Hydrogen: gn=2n2

Texc defined using the Boltzmann’s Eq.



Example: given a gas of neutral H atoms (HI), find the temperature for which the number of atoms 
having electrons in the ground state (n=1) and the number of atoms having electrons in the first 
excited state (n=2) are the same. 

For Hydrogen: gn=2n2

High temperatures are required for a significant number 
of H atoms to have electrons in the first excited state





5. Ionization temperature Tion

One must also consider the relative number of atoms in different stages of ionization

Saha’s Equation

NOTE: as ne increases, Ni+1/Ni 
decreases since there are more 
electrons with which the ion may 
recombine



Pe pressure of free electrons 
(ideal gas law)

(cooler, hooter) stars

Example: Let’s combine the effect of Boltzmann’s and Saha’s equations. Let’s consider a star 
whose atmosphere is composed purely by H and with Pe=20 N/m2. We can derive the fraction of 
atoms that are ionized, i.e.: NII/Ntot = NII/(NI+NII) as a function of temperature in [5000,25000] K.

==> from Boltzmann’s Eq., nearly 
all H is in the ground state



Inserting in Saha’s Eq.:

When T=5000K, none of the H 
atoms are ionized. At T=8300K, 
5% of the atoms have become 
ionized; 50% of H is ionized 
when T=9600K. By T=11300K, 
95% of H is ionized. The 
ionization of H takes place in a 
w i n d o w o f 3 0 0 0 K i n 
temperature, quite narrow 
compared to the range of 
temperature inside stars. The 
narrow region inside a star 
where H is partially ionized is 
called H partial ionization 
zone, with T~10000K.



Let’s look at the Hydrogen Balmer lines (m=2, n=3, 4, 5, 6, …): the strength of the Balmer 
lines in absorption depends on N2/Ntot, with N2 the number of H atoms in the first excited 
state.This is obtained with the combination of the Boltzmann’s and Saha’s equations. Because 
wirtually all HI atoms are in either the ground or the first excited states, N1+N2~NI.



Combining Boltzmann eq. 
with Saha’s eq.

The H gas would produce the 
most intense Balmer lines at 
T=9900K. The diminishing 
strength of the Balmer lines at 
higher T is due to the rapid 
ionization of H at T>10000K. At 
lower T, all H atoms are on the 
ground state (n=1), and none 
on the first excited level (n=2)

NOTE: Stellar atmospheres are not composed of pure H, and the results depend on Pe. In 
stellar atmospheres, there is He for every ten H atoms. The presence of ionized He provides 
more electrons with which H ions can recombine. With He, it takes a higher T to achieve the 
same degree of H ionization.



All electrons on ground 
energy level, hence none 
are on the 1st excited level 
to make upper transitions 
=> no Balmer lines

Temperature is right for 
significant electrons to be 
excited on the 1st excited 
level => Balmer lines

Temperature is so large, 
Hydrogen atoms are 
ionized, so no electrons 
=> no Balmer lines



Strength of various spectral lines with temperature



Tion: the ionization temperature is obtained from the distribution of atoms in the ionized 
levels from the Saha’s equation. By comparing the strengths of the absorption lines of two 
different states of ionization of the same atom, it is possible to determine the relative 
number densities of the two stages of ionization of the atom (e.g., H and K lines of CaII with 
the line of neutral Ca @ 422.6 nm).

Taking the log of the Saha’s equation:

Most important term as a function of 
temperature, i.e., proportional to T2.5

The one-parameter Harvard classification of spectral type is directly explained by the 
above, since the dominant dependence is with temperature. However, Pe is also to be 
considered to properly characterize stars with ionized atoms in their atmospheres. Pe is 
smaller in cooler stars than in hotter stars, but I can consider it a constant at first 
approximation for main-sequence stars on the H-R diagram.

From Ni+1/Ni —> T, Pe
Vice versa, if I know T and Pe, I can estimate Ni+1/Ni, i.e., the abundance of elements. 



Spectral Types of Stars 



Strength of various spectral lines with temperature and spectral type

As T changes, a smooth variation from one spectral type to the next occurs, 
indicating that there are only minor differences in the chemical composition of stars

OBAFGKM (from hotter to cooler): Oh Beautiful And Fine Girl/Guy Kiss Me
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