
Photons
Astronomy is based on observing photons from celestial bodies

temperature, density, velocity, chemical composition 



NSO Solar telescope

Absorption Spectrum of stars (silhouette of the cold gas)
spectrum of blackbody radiation at the photosphere,
some frequencies absorbed by cooler gas 
nearer the surface

real data:



Mid-resolution solar spectrum
       High-resolution



Optical Spectrum of the Solar lights ----  Fraunhofer lines
from www.harmsy.freeuk.com/fraunhofer.html

absorption features: fux defcit in the blackbody radiation spectrum

Earth's O2Sodium (Na)Fe
Ca+

H: n=4 ->n=2 (Hb)

H: n=5  -> n=2 (Hg)

Hydrogen n=3->n=2 (Ha)

He

http://www.harmsy.freeuk.com/fraunhofer.html


Energy Levels for a hydrogen atom
Example: hydrogen atom (p+ + e-) -------- Bohr's model for hydrogen

planetary-like orbits

but quantized angular momentum (Bohr)

discreet energy levels (n=1,2,3....)

Reality: electron clouds
probability functions
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Planets: r arbitrary;   atom: infinite possibilities?
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Photon-matter interaction and spectral lines
absorption vs. emission

Hd Hg Hb
Ha

UVUV

optical

infrared

En=−
13.6eV

n2

to  excite  an electron from n=1 → n=2,

E=
hc
λ

=E2−E1=(−3.4eV )−(−13.6eV )



Everyday applications of spectral lines: 
neon lights,  street lights, energy-efcient light bulbs...



Objects emitting primarily in lines

NGC6543 (cat's eye planetary nebula), [OIII], Ha, [NII]

0.2 parsec

M 2-9

M 57



En=−
13.6eV

n2

Atomic transitions: 
Hydrogen

He, Li, ....

sometimes hyper-fne 
transitions related to spin

Molecular transitions: hierarchical

electronic:  quantized orbits
 ~ eV
optical or UV

vibrational: quantized shaking
 ~ 10-1 eV
infrared(~μm)

rotational: quantized rotation
~ 10-4 eV
microwave (~mm)

Types of Spectral Lines



Silva & Cornell, 1992, Astroph.J.Supp. 81, 865

Spectra of stars much hotter than the Sun
O stars ~40,000K, H ionised, see He and He+ (and highly ionized metals in UV)
B stars ~15,000 K, H largely ionised, but strong, neutral He
A stars,  ~8,000 K, H very strong        

http://adsabs.harvard.edu/abs/1992ApJS...81..865S


Spectra of stars similar to the Sun
F stars ~6,700K, H less strong, Na, Mg, Ca+ becoming stronger
G stars ~5,600 K, H largely neutral, strong neutral/singly-ionised metal lines
K stars, ~4,400 K, neutral metals dominate, molecules appearing        

Silva & Cornell, 1992, Astroph.J.Supp. 81, 865

http://adsabs.harvard.edu/abs/1992ApJS...81..865S


Burgasser et. al. Astrophysical Journal 
2003, 594,510 

Spectra of stars much 
cooler than the Sun
T dwarfs ~1000K, show H

2
O 

and methane (CH
4
) absorption lines 



Lines tell not just about temperature, but also density
Denser → more collisions → more disturbances of atoms/ions → wider lines
Stronger gravity → scale height smaller → see down to denser regions

“Rule” I learned: normal star, Balmer up to 14, White dwarf, up to 8: higher levels (size ~ n2) cannot exist    



9 8 7    6        5                     4
“Rule” I learned: 
normal star, 
Balmer up to 14, 
Normal WD 
(log g=8.0),
up to 8.    





Doppler Shifts: blue-shift & red-shift

Finding out velocities for any moving objects

1) Expansion of the universe

2) Detecting planets around other stars

3) Finding black holes

4) Measuring stellar masses in binaries

5) Rotation of the galaxy

6)...

... getting out of the way of a fre engine
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Extra Note: Equation of Radiative Transfer
One last hurdle towards constructing a physical star:

Every layer in the star with T = T(r) absorbs all radiation and emits 
as a blackbody F = s T4

Tef, 
F

T2, F2
      T1,F1

Temperature  T 2=T 1+
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Detailed derivation: Equation of radiative transfer: 
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