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• Introduction
• Basic information about design of spectrographs
• Prism spectrographs
• Applications
 

Bibliography: To Measure the Sky, Kitchin, Lena and 
others, like a book by C. Kitchin specifically on Optical 
Astronomical Spectroscopy (on line formation and 
instrumentation)

Prof. Jorge Meléndez
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http://www.astrosociety.org/pubs/mercury/33_05/rainbows.html
Also. Intruduction to Modern Astrophysics

In 1835, the French philosopher Auguste Comte, 
considered the limits of human knowledge. He 
thought that the chemical composition of the 
stars was a prime example of "unobtainable 
knowledge”:

On the subject of stars, all investigations 
which are not ultimately reducible to simple 
visual observations are … necessarily denied 
to us … We shall never be able by any 
means to study their chemical composition

Why?

http://www.astrosociety.org/pubs/mercury/33_05/rainbows.html
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Fraunhofer found 574 
lines in the solar 
spectrum (1817)

A a  B  C         D              E b         F                         G                      H K     

O2   O2 H     Na           Fe Mg    H  CH                    CaII       
H2O

Earth



Fraunhofer, 
father of 

astronomical 
spectroscopy

7



Joseph Fraunhofer (1814 - 1815), in Denkschriften der Königlichen Akademie der Wissenschaften 
zu München
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With the same device [i.e., spectroscope], I've also made some 
experiments on the light of some stars of the first magnitude. Since the 
light of these stars is many times weaker than that of Venus, so 
naturally the brightness of the spectrum is also many times less. 
Notwithstanding, I have seen -- without any illusion -- three broad 
stripes in the spectrum of Sirius, which seem to have no similarity 
to those of sunlight; one of these stripes is in the green, and two in 
the blue. Also, in the spectrum of the light of other fixed stars of 
the first magnitude, one detects stripes; yet these stars, in regard to 
the stripes, seem to differ among themselves.



William Huggins, 7 Feb 1824 – 12 May 1910.

~1860 Gustav Kirchhoff identified sodium in the Sun
- 1862 Anders Ångstrom identified hydrogen in the Sun
- 1864 W. Huggins identified H, Fe, Na and Ca in stars
He also studied the spectra of comets and nebulae 

He built his own instruments 
and introduced a comparison 
“laboratory” spectrum to 
determine precisely the 
wavelengths of stars.

1868: Radial velocity of Sirius



- Resolving power : R
R = /R =/ R = c/v
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- Spectral resolution: v

- Wavelength ,frequency ou velocity v

v spectral resolution element in 
wavelength, frequency or velocity 

- Spectral coverage : minmax 

Characteristics of spectra



Low spectral resolution ( ≥ 1 Å) vs. 
High spectral resolution ( ~ 0,1 Å)
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Spectral coverage : 3900  - 6700 Å 



12

v = 1,35km/s

R = 221 000
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R ~ 60 000, HRS (HET/McDonald) – single-object
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R ~ 7000, DEIMOS (Keck) – multi-object

1,1 Mpc
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The most metal-rich white 
dwarf: a tidally disrupted 

asteroid
Dufour et al. 2010 ApJ 719, 

803
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White dwarfs with metals in the spectrum may be 
engulfing rocky material



Chemical signatures of rocks in White Dwarfs

Wavelength (Å)



Chemical signatures of rocky material in White Dwarfs

Klein et al. 2010, ApJ 709, 950



Terminology for spectral lines

20Bensby, Feltzing, Lundström 2004, A&A 415, 155

Absorption lines

Emission line

Continuum



Continuum: the region without line 
absorption

Joguet et al. 2001

Absorption lines from the Balmer series in star B9 III (~ A0 III)

B9 III

Continuum

Line

Fl
ux



Normalized spectrum
Re
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e 
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ux
Relative flux = flux / continuo

Points: HIP 56948 (solar twin)
Solid line: Sun
Meléndez et al. (2012, A&A 543, A29)



All lines show “wings”, but they are more 
clear in the stronger lines

Re
la

tiv
e 

Fl
ux

ContinuumWing

Points: HIP 56948 (solar twin)
Solid line: Sun
Meléndez et al. (2012, A&A 543, A29)

Core or Center

Flank



The strength of a line can be quantified by its 
equivalent Width (W)

Line center
In the optical, absorption lines W ~ 0.01 nm. Weak lines, W ~ 10-3 nm. 



Line Depth and Full Width at Half Maximum (FWHM)
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Spectral resolution 

26© Lena 3rd Ed

Resolving power R = 



Examples of spectral lines
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© Lena 3rd Ed or Table 5.1 2nd Ed.



Spectral lines carry important information
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Line center:
Characteristics Information

- Element, line transition
- Radial velocity (kinematics, binarity, planets)

Equivalent 
Width:

- Chemical composition
- Temperature, Gravity

Profile: - Velocity field

Polarization: - Magnetic field

Flux variations: - H & K lines (rotation, activity cycle)

FWHM: - Projected rotation velocity (v x sin i)



Convection
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Asymmetry in the line profile 
introduced by convection

http://astro.uwo.ca/~dfgray/Granulation.html



How to detect planets in an active star?
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Suppression of 
convection in 
active regions 
can distort the 
line profile  
spurious RV 
variations



Suppression of 
convection in 

sunspots (left) 
and plages 

(below) can 
change the line 

profile
 spurious radial 
velocity variations



Basic components of the Spectrograph
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© Roy & Clarke
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Dispersing element
• Diffraction Grating: 

diffraction+interference

• Prism: differential 
refraction
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Prism as a dispersing element

nair sin air = nglass sin glass

35© Kitchin
n(air) = 1.0003

exit

exit ?



Dispersing element: prism
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Snell law in a prism

37© Kitchin

1 (or n1) is ~ 1 (air), so :  n1 sin i1 = n2 sin r1 means that n2 = sin i1 / sin r1

In the same way :  n2 sin i2 = n1 sin r2    n2 = sin r2 / sin i2

i1 r1

r2
i2







Refractive index (or n) varies with wavelength

38© Kitchin

In the visible the variation of n may be approximated by the Hartmann 
dispersion formula. A, B and C are known as the Hartmann constants
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Prisms uses apex  = 60O
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

dispersion of a prism increases rapidly towards shorter 


r1



Spectrograph based on prism
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CCD



Objective prism spectrograph
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Classic application of prism 
spectrographs:

spectral classification
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Secchi's 
Classes of 
Stellar Spectra 
(1860-1870)

Type I: white-blue; 
strong H lines. Current 

class A & early F

Type II: yellow, 
tipo solare. 

Numerous metallic 
lines (Na, Ca, Fe), with 

weaker H. Current 
class G, K, late F

Secchi's four classes of 
stellar spectra, from a 
colored lithograph in a 
book published around 
1870. The principal 
spectral lines are 
identified underneath 
by letters that 
Fraunhofer assigned.

Type III: orange-
red; metallic lines 

and bands. Current 
class M

Type IV: stars 
with emission 

lines

Stellar classification



• 1890-1900s: Harvard classification (E.Pickering + 
Williamina Fleming + Antonia Maury + Annie J. Cannon):

   O, B, A, F, G, K, M

Women astronomers @ Harvard

The Harvard classification systemThe Harvard classification system



Annie J. Cannon classified >  
250 000 spectra!

Based on spectra taken 
at the Harvard North 
(USA) & South 
(Arequipa, Peru) stations

Stellar 
classification:
O, B, A, F, G, K, M



Ultimately listed over 
400 000 stars. It is still 
very useful; the most 
common ID of stars 
with V <  9 is its HD 
number (also HIP)

Harvard plate 
taken with 
objective prism 
spectrograph in 
Arequipa. Field of η 
Carinae. E. Dorrit Hoffleit, 
2002, Phys. Perspect., 4, 370

The Henry Draper 
(HD) catalogue



Luminosity class

Dwarf

Supergiant

Antonia Maury : hired in 
1888 by E. Pickering 
(Harvard) to classify spectra. 
She proposed a new system 
considering also the width of 
the lines, but was ignored 
Pickering.



400            500            600            700
Wavelength (nm)
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