What is the V-band flux for a star with
an apparent magnitude m,=26.07?
f

f

2

—1 OO.4(m2—m1)

so with star 2 as Vega this becomes

f1 _ 100.4(O—m1) _ 10—0.4m1

f

m=0

f1 _ f 10_0.4m1

m=0

_ 38 X 1 0—11 X 1 O—O.4x26.0
=1.5x10"" Wm~nm™’



Stellar Spectra

* Absorption lines
— cause
— strength

 Temperature dependence
» Classification of stellar spectra



The Solar Spectrum
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Absorption Lines

* Absorption lines arise when we view a
hot source of continuum radiation
through a cooler layer of gas

* Because the temperature drops with
height in the atmospheres of stars we
view cooler gas against a hotter
background



Hot blackbody

b Absorption line spectrum

Prism

a Continuous spectrum ¢ Emission line spectrum
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Stellar Spectra

» Spectra of stars consist of a vast
number of absorption lines from
different species

* One of the most recognizable is the
Balmer series due to atomic hydrogen
(H1)



Balmer Series

 This series arises from transitions from
the n=2 level iIn H |

Visible Absorption-Line Spectrum of Hydrogen
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Class Example

* An electron in the n=2 level of hydrogen
requires 3.4 eV of energy to become
lonized. What temperature blackbody
would give a peak of emission at the
wavelength corresponding to an energy
of 3.4 eV?



* What temperature blackbody would give
a peak of emission at the wavelength
corresponding to an energy of 3.4 eV?

E=34eV=34x16x10"J=54x10"J

E=hv=E
A

_E_ 6.6x10* x3x10°
E 54x107"
=3.6x10" m =360 nm

-3
72 3x107 _g000 K

3.6x107

A




Absorption Line Strength

» Strength of an absorption line depends
on:

— strength of the particular transition
(absorption cross-section), i.e. depends on
atomic physics

— number of particles in the lower state of the

transition, i.e. depends on abundance,
temperature and density



Temperature dependence

* the distribution of populations among
the energy levels within an atom or ion
depends on the temperature

* higher temperatures populate higher
evels - excitation

* higher temperatures can also ionize a

species, e.g. He® ->He* or He | -He Il -
jonization




» an absorption line for a species will
have a maximum strength at a particular
temperature

 at lower temperatures most of the
species will be in the ground state

 at higher temperatures most species will
become ionized to the next ionization
stage
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Class Example

 The He Il ion is a hydrogen-like ion

where the energy levels

E o ——

n2

where Z is atomic number and n is the

nigh temperatures needed for the |
ines?

evel number. Why does this explain the

e |l



* Why are high temperatures needed for
the He Il lines?
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Spectral Classification

» stellar spectra can be classified into a
temperature sequence

» spectral type is denoted by the
sequence of letters:

O B A F G K M
hot cool
early type late type



The women of Harvard College Observatory classifying stellar spectra.
From https://cas.sdss.org/dr7/en/proj/basic/spectraltypes/history.asp
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each spectral class is subdivided into
numerical subclasses

Sun has spectral type G2
Balmer lines strongest at AO
AO stars have T+=10 000 K, e.g. Vega



Summary

» absorption lines in stellar spectra can be
used to classify stars

» spectral type is primarily a measure of
the effective temperature of the star



Class Example

* Looking at the spectra for A type stars
why is there a significant drop in the
continuum level below 360 nm?



