
The Classification of Stellar Spectra

Reading assignment
TUESDAY 10/13: Chapter 9
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Tion: the ionization temperature is obtained from the distribution of atoms in the ionized 
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the line of neutral Ca @ 422.6 nm).
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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.
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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:
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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. 
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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



Example of spectra of stars





Hertzsprung-Russell
(HR) diagram

snapshot of stellar structure 
and stellar evolution

If two stars gave the same 
Teff, or the same spectral 
type or color, then the more 
luminous star must be larger 
(bigger R)





Examples of HR diagrams

In a cluster of stars, all stars can be assumed 
to be at the same distance from us, hence m is 
proxy for M. Moreover, all stars in a cluster of 
stars can be assumed to have all the same age



The Classification of Stellar Spectra

Reading assignment
THURSDAY 10/15: Chapter 9 - refresh… 





The mass of a star is the most important parameter:
O star —> most massive, up to 100 MSun
M star —> least massive, down to 0.08 MSun

Very tenuous ghostly object!!, a hundred thousand 
times less dense than the air be breath!







Spectroscopic Parallax
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all main sequence stars? 
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Sources of Energy

1. Work done by gravitational contraction:

Total gravitational binding 
energy of the Sun:

If energy is radiated at the 
present rate, i.e., the 
luminosity of the Sun:

Gravitational contraction is not 
the source of energy dominating 
the Sun’s energy production

2. Conversion of rest mass into kinetic energy E=mc2:

Stars are predominantly H, about 90% of all nuclei. The most abundant source of 
energy in stellar interior is the fusion of 4H —> He. 
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liberates 0.7% of the rest mass of 
the system in the form of energy
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Star Clusters



Star Clusters

Group of stars with a much stronger gravitational attraction to each other than to the 
general field stars. The number of stars varies from 105 to loose associations of a few stars. 

The richest clusters are massive, spheroidal ones with 105 stars (globular clusters). We 
measure their distances using apparent magnitudes of RR Lyrae variable stars 
(MRRLyraeV=0). Typical diameters of the high star-density regions is tens of pc, with central 
density as high as 103 stars per pc3!!

Open clusters are more irregular groupings of a few to a few hundred stars. They are 
found in the disks of galaxies. Association: special type of open cluster with most luminous 
main sequence being O and B stars (and Wolf Rayet stars) over dimension of ~100 pc.

Pop I stars: relative young stars with blue giants as most luminous member
Pop II stars: old stars with red giants as most luminous member
Pop III stars: very first generation of stars
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Pleiades - open cluster

M3 - globular cluster

Stars form from gas in the interstellar medium (ISM), composed predominantly of H. They contract 
until Tcore is high enough for H thermonuclear reactions to begin. At this point, they radiate energy at a 
rate equal to that liberated by the nuclear reactions. They remain static as long as there is H fuel in 
the core. When innermost 10-20% of H in the core is exhausted, the outer regions expand and the 
inner core contracts —> same L but lower Tsurface, hence redder color —> the star evolves off the main 
sequence and into the giant region. More massive stars evolve faster off the main sequence. 



Total energy radiated from the star in a lifetime on the main sequence: 

Fractional mass before H 
fusion stops in the core (~15%)

Fraction of H

Mass of the star
Energy released by 
one reaction 4H—>He
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Fractional mass before H 
fusion stops in the core (~15%)

Fraction of H

Mass of the star
Energy released by 
one reaction 4H—>He

Lifetime on the main sequence:





The most luminous stars in a stellar cluster still 
on the main sequence yield the age of the cluster. 



The most luminous stars in a stellar cluster still 
on the main sequence yield the age of the cluster. 

The crucial point for determining the age of the 
cluster lies in determining the absolute magnitude 
of the turn off point, or the surface temperature of 
the same point.









(A) When the Red Giant is in front of the main 
sequence star 

(B) When the Red Giant is behind the main sequence 
star 

(C) You would receive the same amount of light from 
both situations described in choices “A” and “B” 

(D) None of the above

Question
When would you receive the least amount of light from a 
binary star system consisting of an M5 Red Giant and an 
M5 main sequence star?
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Question

(A) at time A 
(B) at time B 
(C) at time C 
(D) at more than one of the times 
(E) there is not enough information to determine this

The sketches illustrate how two main sequence stars might look at three 
different times. In which case would the amount of light we would 
observe from Earth be the least?
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Rewriting the virial theorem: 
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i.e., only half of the change in the gravitational potential energy 
(i.e., of a contracting cloud of gas) goes into kinetic energy 
(which increases the internal temperature), whereas the other 
half has to be radiated away by the contracting cloud. 


