The Classification of Stellar Spectra

Reading assignment
TUESDAY 10/13: Chapter 9



Strength of various spectral lines with temperature
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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 Call with
the line of neutral Ca @ 422.6 nm).

Taking the log of the Saha’s equation:

. 5S040 0 50eT-015 +0n L _ Qa?
Qof’sti:' s Té’)% o) »25% *Q@ - e




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 Call 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 T25



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 Call with
the line of neutral Ca @ 422.6 nm).

Taking the log of the Saha’s equation:

Niw __5‘40% e,\/\ 150a 03 + ud Q%"P
Ny =

T&d

Most important term as a function of
temperature, i.e., proportional to T25

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 | can consider it a constant at first
approximation for main-sequence stars on the H-R diagram.
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Most important term as a function of
temperature, i.e., proportional to T25

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 | 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 | know T and Pe, | can estimate Ni+1/N;, i.e., the abundance of elements.



Spectral Types of Stars

Relative flux (arbitrary units)
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Line strength —>

Strength of various spectral lines with temperature and spectral type
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Strength of various spectral lines with temperature and spectral type
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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



Strength of various spectral lines with temperature and spectral type
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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
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TABLE 8.1 Harvard Spectral Classification.

Spectral Type Characteristics

0 Hottest blue-white stars with few lines _
absorption (sometimes emission) lines, 129000 K.
e on lines becoming stronger.

B Hot blue-white

R (T )

er) a ion lines becoming stronger.

A White a0k T~ llOD K

murmion lines strongest at A0, becoming weaker later.

a ion lines becoming stronger.

F Yellow-white Tw 7600 K

continue to strengthen as Balmer lines continue to weaken.
Neutral metal absorption lines (Fe I, Cr I).

G Yellow
Solar-type spectra. Tx~6000kK
continue becoming stronger.
becoming stronger.
; T= SAOk

at K0, becoming weaker later.
ion lines.

Cool orange

especially titanium oxide (TiO) and vanadium oxide (VO).
Neutral metal absorption lines remain strong.

K L Very cool, dark red T= 13 -&soo K
Stronger in infrared than visible.

' Strong molecular absorption bands of metal hydrides (CrH, FeH), water
(H;0), carbon monoxide (CO), and alkali metals (Na, K, Rb, Cs).
TiO and VO are weakening.

T Coolest, Infrared Kizoo K
Strong methane (CH4) bands but weakening CO bands.

S and C spectral types for evolved giant stars are discussed on page 466.



Hertzsprung-Russell

(HR) diagram

snapshot of stellar structure
and stellar evolution
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If two stars gave the same
Tett, Or the same spectral
type or color, then the more
luminous star must be larger
(bigger R)



Logo (L/L.)
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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...



luminosity (solar units)
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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

Vo > (410 \Lg/mb
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Very tenuous ghostly object!!, a hundred thousand
times less dense than the air be breath!



Morgan-Keenan Luminosity Classes.

S ——

Class  Type of Star

[a-O  Extreme, luminous supergiants

la Luminous supergiants

Ib Less luminous supergiants

[ Bright giants

Normal giants

IV Subgiants

\% Main-sequence (dwarf) stars
VI,sd Subdwarfs

D White dwarfs
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Spectroscopic Parallax
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Which of these 1s physically wrong if they are
all main sequence stars?
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Sources of Energy
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Sources of Energy

1. Work done by gravitational contraction:
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Gravitational contraction is not
the source of energy dominating
the Sun’s energy production
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Sources of Energy

1. Work done by gravitational contraction:
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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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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 10° stars (globular clusters). We
measure their distances using apparent magnitudes of RR Lyrae variable stars
(MRRLyrae\,=Q). Typical diameters of the high star-density regions is tens of pc, with central
density as high as 1083 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 | stars: relative young stars with blue giants as most luminous member
Pop Il stars: old stars with red giants as most luminous member
Pop lll stars: very first generation of stars
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Stars form from gas in the interstellar medium (ISM), composed predominantly of H. They contract
until Teore 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 Tsurtace, 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:
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The most luminous stars in a stellar cluster still
on the main sequence yield the age of the cluster.
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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.
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Flg. 120 Schematic representation of the H-R diagram of a cluster of stars at three different
epochs in its history. After a short period of evolution, say about 10* years, the zero-age main
sequence has become an evolved main sequence similar to the Pleindes, Alter a long period of
eyoluﬁon. say about 10'® years, the diagram resembles those of the globular clusters. Super-
gisnts and white dwarfs have been omitted from this dingram because their participation is

poorly understood.
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Figure 6.2 The color-magnitude diagram for the globular cluster
M3. Known variable stars are shown as open circles, and the prin.
cipal sequences are annotated. [From data published in Buonanno

et al. (1994))
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Figure 6.6 Theoretically calculated isochrones showing how a stel-
lar population with Z = 0.004, ¥ = 0.24 evolves away from the
ZAMS (dotted line) in the CM diagram. Each isochrones is la-
beled by its age. [From the calculations of Bertelli et al. (1994))
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Fig. 1.21 A composite color-magnitude diagram of 10 galactio elusters and 1 globular eluster.
Agea corresponding to the various main-sequence termination points are given along the right-
hand ordinate, The zero-age main sequence is taken to be the blue envelope of the observed
scts of main-sequence stars, Notice the rapidly evolved red giants in A + x Persei, which are
apparently no more than 2 million years old. Some white dwarfs are known in the Hyades,
indicating that it is possible to form them in a few million years, sither directly or as the end
product of the evolution of upper-main-sequence stars, Curiously enough, the Hyades has
no red giants, The oldest galactic cluster, M 67, is older than the sun and has scores of white
dwarfs, Many fascinating problems are uncovered in the attempts to interpret the star
densities in these diagrams quantitatively, [After A. Sandage, Astrophys, J., 126 :435 (1967),
By permission of The University of Chicago Press.  Copyright 1957 by The University of Chicago.)



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?

(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
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http://astro.unl.edu/classaction/animations/binaryvariablestars/eclipsingbinarysim.html
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Question

A. B. C.

O

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?

(A) at time A

(B) at time B

(C) attime C

(D) at more than one of the times

(E) there is not enough information to determine this
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VIRIAL THEOREM
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hydrostatic equilibrium (for a spherically symmetric gas).

pressure
dpP . GM(T) Equation of hydrostatic equilibrium,
dr — —P r2 directly from mechanic equilibrium:
! GM(r)p dP
mass density pr = — 5 — =0
r dr
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VIRIAL THEOREM

Let’'s assume a system which is a gravitationally bound system in equilibrium; let’s assume
hydrostatic equilibrium (for a spherically symmetric gas).

pressure
ar — GM(T) Equation of hydrostatic equilibrium,
% — P r2 directly from mechanic equilibrium:
! GM(r)p dP
mass density pr = — 2 . 0
- 4
Multiplying by: V' (r)dr = §7T’r‘ dr
G M) . G A
(6) AP = - e T = -5 M
A!\,-\F"VQQCQ
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() i.e., for a gravitationally bound
k= -Y/o, system in equilibrium, the total
energy is always one half of the
(time-averaged) potential energy

Rewriting the virial theorem: K — 2 U

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.



