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Spectral lines



Spectral Lines

(e.g. 2D echelle image of optical Solar spectrum)
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Continuous Energy Distribution

Vega
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Dwarf 
Stars



Spectral Lines

Impact of Spectral Resolution
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Spectra of stars, clusters, galaxies...
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Spectral lines and continuum energy 
distributions provide temperatures and 
metallicity of individual stars, plus ages of 
clusters & galaxies(since the highest mass 
stars are visually the brightest), e.g. here for 
cluster F in M82 (60Myr, 106M
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We now turn from the 
continuous energy 
distribution to the line 
spectrum. 
Relative intensity rl
(not very common term, 
usually applied to 
emission lines):
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The line depth Rl:

The largest Rl,0 ½

the central line depth

Line depth
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· The total area in a spectral line divided by the continuum flux Fc is called the 
line equivalent width, i.e. an integral over a line depth Rl

· The division by the continuum flux means that this is a measurement of the 
flux in units of the continuum ɀthe equivalent width is identical to a 
rectangular line of width Wl. 

· EW of absorption lines is positive, emissionlines have negativeEWs, and are 
measured in BÎÇÓÔÒĘÍÓ(at optical wavelengths).
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FWHM and FWZI
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· Other measures of the line width are the Full Width at Half Maximum (FWHM), 
the distance between the half line depth from blue to red, i.e. (Dl)1/2 , 
and the Full Width at Zero Intensity (FWZI), 

FWZI



Line core and the wings 
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·We denote optically (thin) thick lines as those in which the line core is 
(not) saturated, i.e. reaching zero intensity. In reality, zero intensity is only 
reached for lines in non-LTE.

· The region close to the centre of the spectral line 
is referred  to as the line core, whilst the wings sweep up the local 
continuum.



Example: Solar spectrum
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Strong  spectral lines in the Solar 
spectrum typically have 
equivalent widths Wlº1B, such 
as the Na I D lines in the yellow. 
In other stars, line equivalent 
widths can reach tens or even 
hundreds of Angstroms. EWsare 
by definition measured relative 
to the continuum strength, 
unlike line fluxes.
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Formation of absorption lines
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·We obtained earlier that the emergent flux from the stellar surface 
is ptimes the Source function at an optical depth of 2/3:

Ὂ π “Ὓ † ςȾσ “ὄ Ὕ† ςȾσ

· In spectral lines, the opacity is much larger, thus we see much 
higher layers at these wavelengths. These layers have a lower 
temperature and so Blis smaller, leading to a smaller Flin the line 
than Fc, the continuum flux in the neighbourhood of the line.

· In the following few lectures, we will study theory of line formation.

LTE



E I N S T E I N  C O E F F I C I E N T S

L I N E  P R O F I L E S :  N A T U R A L  B R O A D E N I N G

B R O A D E N I N G  O F  S P E C T R A L  L I N E S

I N G I S - T E L L E R  R E L A T I O N
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Spectral line formation


