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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 

Blackbody intensity 
curve (spectrum) is: 

Colour depends on temperature - Wien’s 
Law gives the peak wavelength  

Wien’s Law: blackbody spectrum peaks at 
λmax = 2.9x106/T  nm 

E.g. for the sun T≈6000 K, so that λmax ≈500 nm. 

Photometry and Colour Ratios 

•  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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…For example 

•  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. 

Colour ratio FV/FB 

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 

AAA cfm +−= log5.2

•  Zero-points (i.e. the cA) are defined such that Alpha Lyr (Vega) 
has mU=mB=mV…=0.03, and hence has all colour indices zero. 

•  Colour indices are flux ratios, and hence magnitude differences 
between different bands - e.g. mB-mV.  

•  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 

Solar spectrum 
(folded for display), 
showing many 
absorption lines 

Kirchhoff’s Laws 
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Spectral lines arise from specific 
elements in stellar atmospheres  

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 
wavelength). 

•  The spectral lines of a particular 
element correspond to the various 
electron transitions between energy 
levels in atoms of that element. 

•  Bohr’s model of the atom correctly 
predicts the wavelengths of 
hydrogen’s spectral lines. 
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The spectra of stars reveal their chemical 
compositions as well as surface temperatures  

•  Stars are classified into 
spectral types (O, B, A, 
F, G, K, and M and their 
subdivisions), based on 
the main patterns of 
spectral lines in their 
spectra 

Stellar classification at Harvard 
- late 19th century. 

The spectral class and type of a star is directly related to its 
surface temperature: O stars are the hottest and M stars 
are the coolest 

•  Most brown dwarfs are in even cooler spectral classes 
called L and T 

•  Unlike true stars, brown dwarfs are too small to sustain 
thermonuclear fusion  


