Lecture 4: Temperature, colour and
spectral properties of stars

» Blackbody spectra and temperature
« Stellar colours, and photometry

» Spectral lines, and spectral classification of
stars

Stars are almost blackbodies
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Wien’s Law: blackbody spectrum peaks at
Amax = 2.9x10%/T nm

E.g. for the sun T=6000 K, so that A, =500 nm.

Photometry and Colour Ratios
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Photometry measures the apparent brightness (i.e. flux) of a star

» The colour ratios of a star are the ratios of fluxes obtained through different

standard filters, such as U, B, and V filters

* These ratios are a measure of the star’s surface temperature
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The ratio of flux in the V and B bands varies monotonically with T.

A flux ratio corresponds to a magnitude difference (see Lecture 3), so we
can also represent the colour by the difference between the magnitudes of a
star in two different bands - e.g. B-V.

Standard Johnson system (UBVRI)

UBVRI filters defined to have
equivalent wavelengths of 365,
440, 550, 640 and 790 nm.
Relationship between flux and
magnitude in a given band is

m,=-25log f,+c,
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Zero-points (i.e. the ¢,) are defined such that Alpha Lyr (Vega)
has m,=mg=m,,...=0.03, and hence has all colour indices zero.
Colour indices are flux ratios, and hence magnitude differences
between different bands - e.g. mg-m,,.

This is usually denoted B-V, and is smaller for a blue object
(since brighter = less positive magnitude).

Stars are not perfect blackbodies, their
spectra typically contain many lines
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Hot blackbody

(a) CONTINUOUS SPECTRUM

(blackbody emits light at all

wavelengths) light energy at the same wavelengths
at which they absorbed it)

Kirchhoff’s Laws

g /IR

(b) ABSORPTION LINE SPECTRUM
(atoms in gas cloud absorb light of
certain specific wavelengths,
producing dark lines in spectrum)

(c) EMISSION LINE SPECTRUM
(atoms in gas cloud re-emit absorbed




Spectral lines arise from specific
elements in stellar atmospheres
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laboratory For each emission line of iron, there is a corresponding
on Earth) absorption line in the solar spectrum;

hence there must be iron in the Sun’s atmosphere

Incoming photon, Emitted photon,
A=656.3 nm A=656.3nm

(b) Electron falls from then=3

(a) Atom absorbs a 656.3-nm

photon; absorbed energy causes orbit to the n = 2 orbit; energy lost
electron to jump from the n = 2 orbit by atom goes into emitting a
up to the n = 3 orbit 656.3-nm photon

Spectral lines are produced when an electron
jumps between energy levels within an atom

* The nucleus of an atom is surrounded
by electrons that occupy only certain
orbits or energy levels

* When an electron jumps from one
energy level to another, it emits or
absorbs a photon of appropriate
energy (and hence of a specific

Allowed wavelength).
Bohr orbits: . .
n=1 “ * The spectral lines of a particular
n=2 W element correspond to the various
ne3 electron transitions between energy
nea levels in atoms of that element.
etc. * Bohr’'s model of the atom correctly

predicts the wavelengths of
hydrogen’s spectral lines.

Lyman series (ultraviolet) of spectral
lines: produced by electron transitions
between the n = 1 orbit and higher orbits
(n=2,3,4,...)

Balmer series (visible and ultraviolet)
of spectral lines: produced by electron
transitions between the n = 2 orbit and
higher orbits (n=3, 4,5, ...)

Paschen series (infared) of spectral lines:

produced by electron transitions

e between the n = 3 orbit and higher
orbits (n=4,5,6,...)




The spectra of stars reveal their chemical
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50’000 25’000 10’000 8000 6000 5000 4000 3000 Spectral class Color Temperature (K) Spectral lines Examples
T T T T T T T o Blue-violet 30,000-50,000 Tonized atoms, especially Naos (¢ Puppis),
helium Mintaka (& Orionis)
B Blue-white 11,000-30,000 Neutral helium, some Spica (ct Virginis),
hydrogen Rigel (B Orionis)
A White 7500-11,000 Strong hydrogen, some Sirius (o Canis
H call ionized metals Majoris), Vega (ot Lyrae)
T a F Yellow-white 59007500 Hydrogen and ionized Canopus (ot Carinae),
metals such as calcium Procyon (o Canis
£ TiO and iron Minoris)
=
o Hell Hel G Yellow 5200-5900 Both neutral and ionized Sun, Capella
< metals, especially (o Aurigae)
v ionized calcium
“ K Orange 3900-5200 Neutral metals Arcturus (c Bootis),
o Aldebaran (ot Tauri)
e, M Red-orange 2500-3900 Strong titanium oxide Antares (a Scorpii),
= Isilv and some neutral calcium Betelgeuse (o Orionis)
L Red 1300-2500 Neutral potassium, Brown dwarf Teide 1
rubidium, and cesium,
and metal hydrides
05 BO A0 FO GO Ko Mo M7 T Red below 1300 Strong neutral potassium Brown dwarf Gliese
and some water (H,0) 2298
Spectral type = 4

o . » Most brown dwarfs are in even cooler spectral classes
The spectral class and type of a star is directly related to its called Land T

surface temperature: O stars are the hottest and M stars

are the coolest ¢ Unlike true stars, brown dwarfs are too small to sustain

thermonuclear fusion




