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Why Astronomical Spectroscopy?
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Stellar Spectral Types

• First use of astronomical 
spectroscopy (e.g. objective prism 
photographic surveys)

• Original classification >100 years 
old: MK (Morgan-Keenan) System

• Based on strength of absorption line 
(e.g. hydrogen)
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Stellar Spectral Types

What stellar spectra tell us:
• chemical composition (elemental and 

molecular abundances)
• velocity (e.g. redshifts, radial velocities, 

turbulent velocities)

• temperature, density, pressure
• magnetic and electrical fields

• gravity
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Stellar Spectral Types

Radiation depends on conditions at 
its origin

• Temperature
– of molecules and dust
– of neutral and ionized atoms

• pressure (equivalently density)

• chemical composition
– abundance of species (atom, 

molecule, ...) emitting / absorbing 
the radiation

– abundance of other species 
involved in creating the radiation

• velocity fields at the origin 
(Doppler effect)

• magnetic fields (Zeeman effect)

Example of two stars of virtually identical
effective temperature, but differing 
abundance

Przybylski’s star, Teff � 6500 K

Procyon, Teff = 6540 K
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The Nature of Stellar Spectra
• Continuum shape determined by temperature 

• Presence of lines also temperature dependent (e.g. more highly ionized species as T 
increases)
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Stellar Spectral Types

M-K sequence:

• O, B, A, F, G, K, M

• Recently supplemented by cooler 
sequence for brown dwarfs: L & T

• “Decimalized” for finer temp resolution 
(e.g. Sun is G2)

• So sequence is:

• O0, O1,O2, ....O9,B0,B1,B2, ....B9,A0,A1, 
....A9, F0, F1, ....F9,G0,G1, ....G9, K0, 
K1…K9, M0, M1….M9 

– (but not all are used!)
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Line Strengths:

• Vary with effective temperature ( Teff) or spectral type/class
• Roman number indicate the ionization stage of the a toms: e.g., H I means 

neutral hydrogen
– He II corresponds to He+, Si III to SI++ etc.

Stellar Spectral Types: Temperature Effects
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Line Strengths:

• Depends on relative populations of electrons in different energy levels , and 
also the degree of ionization

Example for hydrogen Balmer series (n = 2)

• Increased population of n=2 level with Teff
• But increased ionization too

– N+ = # of ionized electrons
– N0 = # of bound electrons (n=1, 2, …)

• Net result is a peak of the relative

population of Blamer absorbing electrons
to the total, i.e. bound + free (ionized)

Stellar Spectral Types: Temperature Effects
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Temperature Effects

M-K sequence:
• Makes use of many different 

lines

• Choice depends on spectral 
class

• Originally based on 
photographic spectra

• Look at line ratios and relative 
strengths
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Other Spectral Type Subclasses

A number of suffices exist to further qualify spect ra, for example:
• e - to indicate the presence of emission (B2Ve)
• f - to indicate NII and HeII emission in O stars (O5f )

• m - enhanced metal features (Am)

• n, nn - to indicate unusually “nebulous” or fuzzy line s (often due to rapid rotation)
• p - to indicate abundance peculiarity (Ap)

• k - to indicate the presence of CaII - often interstel lar (B2Vek)

Other Stellar Classes
• Wolf-Rayet stars - very hot stars with extended atmos pheres rich in Carbon (WC stars) or 

Nitrogen (WN)
• P Cyg stars - hot stars in which the lines have an ab sorption component bluewards of an 

emission component, indicative of an expanding shel l.
• Hydrogen-deficient stars - a small number of hot (~ B type) stars with n H from 1% down to 

undetectable, where most stars have n H ~ 95%
• Ap stars - peculiar A stars with overabundances of Mn , Eu, Cr, Sr, etc., probably related to strong 

magnetic fields. This class includes the rapidly os cillating Ap (roAp) stars discovered at SAAO.
• Am and Fm stars - “metallic” line A and F stars, whic h show enhanced metals relative to CaII.
• Carbon stars - cool stars with overabundances of Car bon (C, R, and N stars).
• S type stars - very cool stars with rare earth overa bundances (ZrO, YO, LaO, etc)



NASSP OT1:  Spectroscopy IV20 April 2009 12

Observational Techniques in Optical/IR Astronomy

Spectroscopy IV:  Astronomical Applications

Spectral types: Luminosity Effects

• Line widths are effected by pressure (and hence gravity )
• As gravity depends on radius, and luminosity depend s on radius

� Line width depends on luminosity
� Larger, more luminous stars, have lower gravity and therefore narrower lines

• Stark broadening (electric field of atoms) is the d ominant luminosity-
dependent broadening mechanism

• Density (hence luminosity) also influences the degree of ioniziation
– Recombination (“de-ionization”) increases with dens ity
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Spectral types: Luminosity Effects

• Example for an F5 type
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Spectral types: Luminosity Effects

Luminosity classification scheme used today:
I – supergiants – now subdivided into Ia-0, Ia, Iab, I b.
II – bright giants

III – giants - also sometimes subdivided.

IV –subgiants
V – dwarfs or main-sequence stars (e.g. sun)

VI – subdwarfs
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Colour-Magnitude (Luminosity) diagram

Two Dimensional Classification of Spectra
• Temperature (Spectral Type)

– Determined from Spectral Type (line strength ratios )

• Luminosity (or absolute magnitude, or 
bolometric magnitude)

– Determined from line widths and degree of ionizatio n

Colour-Magnitude (C-M) diagram is used to plot 
these two parameters

Equivalent to Hertzprung-Russell (H-R) 
diagram, although latter is usually 
observational quantitites (e.g. spectral type, 
absolute mag)

Can attempt to understand stars as a 
population

• Clues to their evolution
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Colour-Magnitude (Luminosity) diagram
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Interesting Colour-Magnitude diagrams
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Canonical Values
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Example Spectra: Early Type Stars
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Example Spectra: White Dwarfs
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Cool “stars”: Brown Dwarfs
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Brown Dwarfs
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Brown
Dwarf

M-dwarf

Brown Dwarfs



NASSP OT1:  Spectroscopy IV20 April 2009 24

Observational Techniques in Optical/IR Astronomy

Spectroscopy IV:  Astronomical Applications

Brown Dwarfs
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Non-Stellar spectra: nebulae

•Photoionisation important
• Molecular ions 
• Hot (T ~ 1000 K) but not in thermodynamic equilibri um
• Electron collisions Optical pumping

Planetary nebula 
NGC3132
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Non-Stellar spectra: nebulae
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Dirty snowballs which link 
our solar system with the
ISM

Comet Hale-Bopp

Non-Stellar spectra: comets

Simple species
H2O  HDO  CO  CO2 H2S  SO  SO2 OCS  CS  
NH3

Molecular ions
H2O+ H3O+ HCO+ CO+

Organic and similar
HCN  DCN  CH3CN  HNC  HC3N  HNCO  C2H2  
CH3OCHO
C2H6 CH4 NH2CHO CH3OH  H2CO  HCOOH  
H2CS

Radicals
OH  CN  NH2 NH  C3   C2
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Non-Stellar spectra: quasars
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Radial Velocity Measurements
Fundamental measurements
• Kinematics of everything

– Stars, planets, clusters, 
galaxies… the Universe

Use spectral lines and known 
lab wavelengths

• Measure line shifts 
• Measure shape changes

Cross-correlation techniques 
can be used to determine 
relative motions
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Radial Velocity Measurements: binary stars
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Radial Velocity Measurements: pulsations
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Radial Velocity Measurements: rotational effects
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Radial Velocity Measurements: galaxy dynamics
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Radial Velocity Measurements: Universe expansion
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Radial Velocity Measurements: Universe expansion
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Radial Velocity Measurements: extra-solar planets
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Radial Velocity Measurements: extra-solar planets
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Radial Velocity Measurements: extra-solar planets
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Radial Velocity Measurements: extra-solar planets
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Radial Velocity Measurements: extra-solar planets
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Radial Velocity Measurements: extra-solar planets ( now 
400+)
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The End!


