
Lecture 4
Solar spectra: the photosphere 

and chromosphere
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Distribution of solar radiation

21 nm = 10 )

Irradiance 
units: W m-2 -˃1



We can measure incident radiation from the Sun fɜas a 
function of frequency with bolometers, either Earth-based or 
on spacecraft. 

The values of f corrected to mean Earth-Sun distance define 
the curve of solar spectral irradiance. Its integral over 
frequency:

0

dfS

where Sis the total solar irradianceόǎƻƳŜǘƛƳŜǎ ŎŀƭƭŜŘ ǘƘŜ άǎƻƭŀǊ 
Ŏƻƴǎǘŀƴǘέύ = total amount of radiation per unit energy per unit 
ǘƛƳŜ ǇŜǊ ǳƴƛǘ ŀǊŜŀ ǊŜŀŎƘƛƴƎ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜ. 
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Photospheric radiation
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The total solar irradiance is slightly variable and 
depends on the 11-year sunspot cycle. 

Total range of variations is ~0.3%, and is at a 
maximum at sunspot maximum. Butwhen there are 
large sunspots the total solar irradiance may dip by 
0.25%. 

Its mean value is  1.368 106 erg s-1 cm-2   

or 1.368  kW m-2.

Variability of Total Solar Irradiance (TSI)



Variation of the TSI

5D. Pesnell, 

AGU 2008



¢ƘŜ {ǳƴΩǎ ŜŦŦŜŎǘƛǾŜ ǘŜƳǇŜǊŀǘǳǊŜ
¢ƘŜ {ǳƴΩǎ ƳŜŀƴ ǘƻǘŀƭ ƛǊǊŀŘƛŀƴŎŜ ƛǎ 1.368 Ҏ106 erg cm-2

This is incident on a sphere, radius = 1 A.U. = 1.496 Ҏ1013 cm. 

So total energy/second  received by sphere is 

1.368 Ҏ106Ҏ4 ̄ (1.496 Ҏ1013)2 erg s-1

Radiation is uniformly emitted from the entire surface of  the Sun. Radius of Sun 
is R

¼
= 6.96 Ҏ1010 cm. 

If the Sun were a perfect black body, the radiation emitted would be 

4 ̄ R
¼

2 Ҏ̀ Teff
4     erg s-1

where Teff ƛǎ ǘƘŜ {ǳƴΩǎ effective temperature and ̀ = Stefan-Boltzmann 

constant = 5.67 Ҏ10-5 erg cm-2 K-4 s-1. 

Therefore 

that is, Teff = 5778 K. 6

2105

2136
4

eff
)10.96.6(410.67.5

)10.496.1(410.368.1
T



Distribution of solar radiation and 
black body, T=5778K
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The photospheric spectrum
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Ca II H, K



The Fraunhofer spectrum at a bus stop in 
Hungary

9From spaceweather.com on March 1, 2010



Equivalent width of absorption 
(Fraunhofer) spectral line
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Equivalent width of spectral line is 

Wɚ= Ǌ(FcontïFɚ)/Fcont dɚ
Units of equivalent width are )Φ



Selected Fraunhofer lines
Wavelength Spectrum no. Familiar ² ό)ύ

ό)ύ name

2795 Mg II k 22

2802 Mg II h 16

3933 Ca II K 19

3969 Ca II H 14

4102 H  I Hŭ 3

4341 H  I Hɔ 4

4384 Fe I d 1

4861 H  I Hȁ 14

5890,5896 Na I D 2

6563 H  I Hʰ 16
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Limb darkening: white light image of Sun
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Radiation emerging from photosphere

ʻdz

ə˄dz = ḏ =˄ element of optical depth
where əɜ= absorption coefficient of photospheric gas. 

I˄

To Earth: Radially 

outward direction

Solar 

photosphere 
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How limb darkening arises

Radiative transfer equation is 

where S˄ = j /˄ ˁ˄= the source function (jɜ= emission        

coefficient). 

Put ˃ = cos ̒ and multiply both sides of Eq. (1) by exp ( - ˍ˄/ )˃. 

Then:

(1)

(2)

or:
(3)
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Limb darkening (contd.)
Integrate with respect to (̱˄ / )˃ from 0 to Ðto give 

(4)

This is the emergent intensityat optical depth ̱ a˄nd angle  ̒
ŦǊƻƳ ǘƘŜ {ǳƴΩǎ ŎŜƴǘǊŜΦ 

Let us approximate S˄ by S˄ = A +˄ B˄ ˍ˄where Aɜ, Bɜ= constants.
Put x = Űɜ/ .˃ Then: 

(5)

Now put sin ̒ d =̒ - d(cos ̒ )  = - d ,˃ then rewrite Eq. (6):

Now, definition of outward flux is: 

(6)

(7)
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Limb darkening (contd.)
This leads to 

This is the EddingtonτBarbier relation. 

It means that the emergent flux is equal to ̄ the source 
function at optical depth ̱ =˄ 2/3. 

Suppose we look at a region of the visible-light continuumat 
Sun centre (˃=0). The emergent flux is from a point where 
the source function is ˄̱ = 2/3, which is low down, at the 
bottom of the photosphere, where T=6400K. 

.ǳǘ ŀǘ ǘƘŜ {ǳƴΩǎ ƭƛƳō ό=˃1), the layer corresponding to ˄̱= 
2/3 is high up, near the temperature minimum where 
T=4400K, i.e. cooler and less bright. 

(8)

16

)
3

2
( )0( SF



¢ƘŜ {ǳƴΩǎ ŜŦŦŜŎǘƛǾŜ ŀƴŘ ǎǳǊŦŀŎŜ ǘŜƳǇŜǊŀǘǳǊŜ

We see radiation from the deepest photosphere (T= 6400K)at Sun centre. At the 
solar limb we see radiation from the temperature minimum region (T = 4400K). 
Thus, there is a limb darkening, i.e. a decrease of solar intensity with angle .̒

Note that Teff is a kind of average of the kinetic temperatures in the photosphere. 

Temperature minimum 
region

Deepest 
photospheric level Observer

Lines of sight 
reach down to 
optical depth  
Ű=2/3

Limb

Sun centre
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