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Fotometria vs. Espectroscopia 
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Segundo o filósofo August Comte (1798 – 
1857) alguns conhecimentos nunca seriam 
acessíveis: 

[1835-1840?] 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 
1859: Gustav Kirchhoff shows the presence 
of sodium in the solar atmosphere 



Continuous 
(optical) 

spectrum 

Newton (1666) 

Line spectrum 

Fraunhofer 
(1817) 
574 lines 

Wollaston 
(1802) 
7 lines 

William Herschel (1800) 

Infrared 
spectrum 

Emission spectrum 
John Herschel (son of William) 
and W.H. Fox Talbot (1826) 
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Fraunhofer found 574 
lines in the solar 
spectrum (1817) 
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Fraunhofer, 
father of 

astronomical 
spectroscopy 
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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. 



- Poder resolvente: R 
R = l/Dl, R = n/Dn, R = c/Dv 
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- Spectral resolution: Dl, Dn, Dv 
 
 

- Comprimento de onda l ,frequência n 
ou velocidade v 

Dl, Dn, Dv : elemento de resolução espectral  em 
comprimento de onda, frequência ou velocidade  

 

- Spectral coverage : lmin - lmax  

Caraterísticas dos espectros 



Exemplos 

• l = 500 nm, resolução Dl = 0,5 nm  

• Qual o poder resolvente R? 

• R = l/Dl = 1000 (baixa resolução) 

 

• Podemos resolver um elemento de velocidade 
de Dv= 6 km/s, qual o poder resolvente? 

• R = c / Dv = 50 000 (alta resolução) 
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Low spectral resolution (Dl ≥ 1 Å) vs.  
High spectral resolution (Dl ~ 0,1 Å) 
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Spectral coverage : 3900  - 6700 Å  
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Exemplo de 
resolução em 
velocidade 
 

Dv = 1,35km/s 
 

R = 221 000 



Alguns exemplos de espectroscopia 
• Composição química do Sol 

15 



Notação em composição química 

• Abundância química do elemento X em 
relação ao número de átomos de H: 

    A(X) = log (NX/NH) + 12 

• Metalicidade [Fe/H]: abundância de ferro 
relativa ao Sol (em logaritmo) 

[Fe/H] = 0       (metalicidade solar) 

[Fe/H] = -2      (1/100 do Sol) 

[Fe/H] = +0.3  (2  X do Sol) 
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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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Terminology for spectral lines 
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Linhas de 
absorção 

Linhas de 
emissão 

Continuo 



FWHM 
Largura a meia altura 
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Largura equivalente (EW) 
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As linhas espectrais carregam muitas informações 
dos processos e das condições físicas existentes na 

fonte (Processos Radiativos). Alguns exemplos: 
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Slide adatado da Prof. Claudia (INPE) 

Velocidade radial, planetas 

Perfil, FWHM                                                         Rotação 

Fluxo relativo                                           Atividade estelar 



Exemplos de linhas espectrais 
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© Lena 3rd Ed or Table 5.1 2nd Ed. 



Resolução espectral 

26 © Lena 3rd Ed 



Componentes básicos do 
Espectrógrafo 
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Dispersing element 

• Diffraction Grating: 
diffraction+interference 

 

 

 

 

• Prism: differential 
refraction 
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Prism as a dispersing element 

nair sin qair = nglass sin qglass 

29 © Kitchin 
n(air) = 1.0003 

qexit 

qexit ? 



Elemento dispersor : prisma 
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dispersion of a 
prism increases 
rapidly towards 
shorter l 



Spectrograph based on prism 
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CCD 



Objective prism spectrograph 
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Aplicações clássicas de 
espectrógrafos 

(maiormente baseados em 
prisma)  
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The beginning of stellar spectroscopy 
1802: William Wollaston first observed dark lines in the solar spectrum 
which he incorrectly interpreted as gaps separating the colors 
1817: Joseph Fraunhofer (1817) observed a continuous color change 
without color discontinuities at the dark lines. He found 574 lines. 
1836: Sir David Brewster found that certain lines had strengths that 
varied with the Sun's elevation. He correctly ascribed these as 
originating in the terrestrial atmosphere. 

O2 

(A) 
7594 - 7621 

O2 

(B) 
6867 - 6884 

H 

(C) 
6563 

Na 
5890 & 5896 

D2       D1 

Fe 

(E) 
5270 

Mg (b1, b2) 
5184 & 5173 

Fe (c) 
4958 

H 

(F) 
4861 

Fe (d) 
4668 

Fe(e) 
4384 

H (f) 
4340 

CH, Fe (G) 
4308 

Ca(g) 
4227 

H (h) 
4102 

Ca II 

(K)  (H) 
3934  3968 



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

Tipo I: branco-azul; 
linhas fortes de H. 

Atual classe A & F ”cedo” 

Tipo II: amarelas, 

de tipo solar. 
Numerous metallic 

lines (Na, Ca, Fe), with 
weaker H. Atual 

classe G, K, F tardio 

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. 

Tipo III: laranja-
vermelho; metallic 

lines and bands. 
atual classe M 

Tipo IV: estrelas 
com linhas de 

emissão 

Classificação de estrelas: 3, 4, 5 classes 



Henry Draper (Mar 7, 1837 – Nov 20, 1882) 

pioneer of astrophotography 

 

Mãe: Antonia Coetana de Paiva Pereira Gardner (filha do médico do Emperador do Brasil) 



• 1890-1900s: classificação de Harvard (E.Pickering + 

Williamina Fleming + Antonia Maury + Annie J. Cannon): 

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

Mulheres astrônomas @ Harvard 

O sistema de classificação de Harvard 



Annie J. Cannon classificou mais 

de 250 000 espectros! 

Baseado em espectros 

das estações Harvard 

Norte (U.S.A.) & Sul 

(Arequipa, Peru)  

Classificação 

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



The HD catalogue, 
which ultimately listed 
over 400 000 stars, is 
still very useful, and 
the main ID of most 
stars with V <  9 is its 
HD number 

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 



Classe de luminosidade 

Anã 

Supergigante 

Antonia Maury : foi contratada 
em 1888 por E. Pickering 
(Harvard) para classificar 
espectros. Ela propôs um novo 
sistema de classificação levando 
em conta tb a forma das linhas, 
mas foi ignorado por Pickering. 

Antonia 
Caetana de 
Paiva Pereira 
Maury 
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