Lecture 4
Solar spectra: the photosphere
and chromosphere



Distribution of solar radiation
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Photospheric radiation

We can measure incident radiation from the Syras a
function of frequency witlbolometers, either Earthbased or
on spacecratft.

The values of, corrected to mean Eartsun distance define
the curve ofsolar spectral irradiancelts integral over
frequency:

S= oj.fvdv
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Variabllity of Total Solar Irradiance (TSI)

The total solar irradiance is slightly variable and
depends on the 1d/ear sunspot cycle.

Total range of variations is ~0.3%, and is at a
maximum at sunspot maximunmButwhen there are

large sunspots the total solar irradiance may dip by
0.25%.

Its mean value is..368 10° erg st cnr?
or 1.368 kW nt.



Variation of the TSI
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This is incident on a sphere, radius = 1 A.U. = 1P4953 cm.
So total energy/second received by sphere is

1.368R10° R4~ (1.496R10%9)? erg st

Radiation is uniformly emitted from the entire surface of the Sun. Radius of St
IS R/, =6.96P10cm.

If the Sun were a perfect black body, the radiation emitted would be
4~ R,2P Tg* ergst
where TA & (1 Ke&ffedtideyt@rdperatureand’ = StefarBoltzmann

constant = 5.6 R10° erg cm? K4s?,
Therefore

1+ _1.368 10° x 47 x (1.496.101%)2
 5.67.10° x 47 x (6.96.10')

that iS, Teff o 5778 K ©



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

CallH, K



The Fraunhofer spectrum at a bus stop In
Hungary

From spaceweather.com on March 1, 2010
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Selected Fraunhofer lines

Wavelength Spectrum no.Familiar 2. 0) 0
0O) U name

2795 Mg Il K 22
2802 Mg Il h 16
3933 Call K 19
3969 Call H 14
4102 H | HU 3
4341 H | Ho 4
4384 Fe | d 1
4861 H | Ha 14
5890,5896 Nal D 2

6563 H | Hn 16



Limb darkening: white light image of Sun

294 THE CHROMOSPHERE AND CORONA

Fig. 9-3 The solar disk imaged sequentially in (a) white light, (b) Ha and (¢) Ca K.
National Solar Observatory, Sacramento Peak, New Mexico.
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Radiation emerging from photospher

To Earth: Radially
outward direction

— Solar

4z photosphere

9,dz = d,= element ofoptical depth
where s, = absorption coefficient of photospheric gas.



How limb darkening arises

Radiative transfer equations

cos f:;i Lm) — Su(7)

Ir
(1)
where S, =],/ ¢ ,= thesource function (j, = emission
coefficient).

Put> = cos and multiply both sides of Eq. (1) by exp [/ >).
Then-

i p ; }
Y _ev/b =, e/ G e (2)
d(m, /1)
or. i —_T f
di [, e TviH ;

d(m /1)
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Limb darkening (contd.)

Integrate with respect to_(/ >) from O tob to give

(0,7, =0)= [S,(z,)e™""d(r, | u) @)

This is theemergent intenosityat optical depth_,andangle
FNRY (GKS {dzyQa OSYiINBOD

Let us approximates, by S,=A,+ B, _,whereA,, B,= constants.
Putx=U/>. Then:

10,7, =0)=A, je *dx+ B ﬂjxe—de: A+Bu=S(,=u) 6
Now, definition of dutward flu%< IS:

F = jl cosddy =2’ jl cosd sin d dd (6)
outward
Now put sin d° =-d(cos’' ) =-d>, then ewrite Eq. (6):

F.(r,=0)=27 f (A +B )udu=n(A +§ B,) (7)
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Limb darkening (contd.)
This leads to

2
F(r,=0)=7S,(r, = 5) (8)
This is thezddingtorr Barbier relation

It means that theemergent fluxis equal to  the source
function at optical depth_, = 2/3.

Suppose we look at a region of thisible-light continuum at
Sun centrex=0). The emergent flux is from a point where
the source function is, = 2/3, which is low dowrgt the
bottom of the photosphere where T=6400K.

Cdz 0 O K$S1){thazjayeecortegpoanding dq=
2/3 1s high up, near the temperature minimum where
T=4400Ki.e. cooler and less bright.
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Limb .
Temperature minimum
Lines of sight region
reach down to
optical depth
U=2/3
Sun centre
. Deepest
Observer photospheric level

We see radiation from thdeepest photosphereT= 6400Kat Sun centre. At the
solar limb we see radiation from thtemperature minimum region (= 4400K).
Thus, there is amb darkening i.e. a decrease of solar intensity with angle

Note thatT Is a kind ofiverage of the kinetic temperatures in the photosph%re



