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R.J. Rutten Lecture
@NAO (2010 11/15-19)

e Monday: basic stellar spectrum formation
— morning: lecture
— afternoon: numerical excercises SSA1, SSA2

e Tuesday: LTE stellar spectrum formation
— morning: lecture
— afternoon: numerical exercises SSA3, SSB1
e \Wednesday: resonance scattering in stellar
spectrum formation
— morning: lecture
— afternoon: numerical exercises SSB2, SSB3
e Thursday: numerical solution schemes
— morning: lecture
— afternoon: numerical exercises SSC1, SSC2
e Friday: chromospheric line formation

— morning: lecture
—afternoon: numerical exercises SSC3
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SOLAR SPECTRUM AND BEST-FIT PLANCK CURVE
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Solid: solar disk-center continuum (high points between lines).
Dashed: Planck function B, (T") for T = 6300 K.

At which wavelength is solar radiation hottest?
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PLANCK INVERSE OF THE SOLAR SPECTRUM 7 1
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Solar radiation brightness temperature T, with By(T;) = Lun, Of Ty = [By] '(Luw). This is 'ZI_T
a formal temperature. It equals the gas temperature where the radiation escapes when that L
radiation is given by the Planck function for that temperature. This is the case for A > 0.5 pm. -
Solar radiation is hottest at wavelength A=1.6 xm in the near infrared. 2 [
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Right: photospheric gas opacity against wavelength (logarithmic), labeled with the processes
causing it. Ultraviolet: ionization of C, Si, Mg, Al. Visible (A = 0.4 — 0.8 um = 4000 — 8000 A)
and near infrared: H™ bound-free (H™ “ionization”). Far infrared: H™ free-free (acceleration
of free electrons in the Coulomb field of neutral hydrogen atoms). From E. B6hm-Vitense.
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WHITE LIGHT CORONA

Stix section 9.1.3

0 limb
disk

log 1/1,

Grotrian (1931): Thomson scattering 8000 km s~ electrons (S 9. 2—9 3)

y
p y (z) i ! J(p) dy 7 T — -
\p
N, from inverse Abel transform = isotropically scattered irradiation (S 9.4-9.5)
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BRIGHT AND DARK IN EUV IMAGES

e iron lines
- Fe IX/X 171 A: about 1.0 MK

- Fe XI1 195 A: about 1.5 MK
- Fe XIV 284 A: about 2 MK

e bright
— collision up, radiation down
- thermal photon creation, NLTE equilibrium

1 million degrees K

- 171 A: selected loops = special trees in forest

e dark
Fo XX AT v 284 ot P
FeXIl195 Hell304 He!584 Hilyg - radiation up, re-radiation at bound-free edge
S i HI1912 s 5
| - matter containing He*, He, H: 10* — 10° K
He 1504 | 1 - large opacity

extinction, emission

800 1000
wavelength (A)
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FRAUNHOFER'S DISCOVERY

httnrne /7 7an wiilirnadia Aara/wuasls /. Taecearnh A Frainnhafa r
nttp://en.wiklpedla.org/wikKkl/Jose }Jh_v on_rraunnoler

In 1814, Fraunhofer invented the spectroscope, and discovered 574 dark lines appearing in
the solar spectrum. They are still called Fraunhofer lines. Kirchhoff and Bunsen showed in
1859 that they are atomic absorption features providing diagnostics-at-a-distance of the local
conditions in the atmospheres of the Sun and other stars.
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K & H: resonance lines of calcium ions

G: rotation-vibration band of CH molecules

F: Balmer-3 line of hydrogen atoms

b: three lines of magnesium atoms

E: a group of lines of iron atoms

D: two resonance lines of sodium atoms (the same as in street lights)

C: Balmer-a line of hydrogen atoms

B & A: rotation-vibration band of oxygen molecules in the Earth atmosphere
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H-o AND CallK IN THE SOLAR SPECTRUM
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solar abundance ratio: Ca/H= 2 x 10
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Assuming LTE at T' = 5000 K, P. = 10*dynecm~2:

Nea Call(n=1
Boltzmann HI: 22 = 4.2 x 1010 Saha Call: =221 | Call(n=1)
n Nea Hl(n=2)
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Fig. 8. Surface source function S,(0) with typcial param-
eters of inner accretion disks of X-ray binaries for several
cases. Thin solid curve is the simple blackbody spectrum.
Thin dashed and dotted ones are those for no heating cases
with isothermal (b, =0} and temperature gradient (b, =3/2),
respectively. Thick chain-dotted ones represent those for in-
ternal heating cases of 1,9 = 160 (upper) and 1 (lower), re-
spectively. The parameters of standard accretion disks are
a=1, M/Mg =10, M /M.y =1, and r/rg =4, Mt being
the critical accretion rate and rg the Schwarzschild radius.
In this case the total optical depth is about 160, while the
effective optical depth is 0.41.
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Fig. 9. Surface source function S, (0) with typcial parame-
ters of inner accretion disks of active galactic nuclei for sev-
eral cases. Thin solid curve is the simple blackbody spectrum.

105 6)14 1015 1015 1'017 10

Thin dashed and dotted ones are those for no heating cases
with isothermal (b, = 0) and temperature gradient (b, =3/2),
respectively, Thick chain-dotted ones represent those for in-
ternal heating cases of 7,0 = 160 (upper) and 1 (lower), re-
spectively. The parameters of standard accretion disks are
o=1, M/Mgz =10%, M /M., =1, and rirg =4, Mcrit being
the critical accretion rate and rg the Schwarzschild radius.
In this case the total optical depth is about 160, while the
effective optical depth is 0.15.
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Mo-malized phaze function
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