AY 20 Fall 2010

Stellar Interiors
The SUN

Reading: Carroll & Ostlie, Chapter §10.6, Chapter 11



Stellar structure equations, constitutive
relations, plus boundary conditions:
—Vogt & Russell theorem
stellar composition & mass uniquely
determine radius, luminosity, internal
structure

Changes in composition (X, Y, Z) due to
nuclear burning — changes to

pp chain, CNO cycle are slow —
slow composition changes; most stars
have similar composition

.. Smooth change of structure with mass
As M increases, P_, T, increase*

— pp chain in low mass stars, CNO in high

From theoretical models — HR diagram
H-burning stars lie on main sequence
Main sequence = mass sequence
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Implications for main sequence stars

5x104Ly<Ls<1x10°L,
0.08 My < M, < 90 M,
2700 K < T,¢< 53,000 K

radiation from higher mass stars > from lower mass stars
— reserves of fuel used faster; lifetimes of higher mass stars shorter

spectra change with T,¢: and hence with M,
— spectral type (O B A F G K M) appropriate abscissa for H-R diagram

convection zones at different levels:

Upper m-s: CNO cycle; high T dependence; rapid change of € with r
— convection in H-burning core, radiation outside

As M., decreases: T, decreases; pp chain dominates; core becomes radiative

At surface, T, decreases, k increases — convection

“Surface convection zone” increases in depth with decreasing mass; at 0.3 M,
stars are fully convective B

Eddington Limit: at very high T, radiation pressure dominates P.
M and L limited by hydrostatic equilibrium condition

L.y /Lo~ 3.8 x 104 M/M
For main sequence stars: theoretical M. < 100M; observed limit ~ 70M,




SUN - nearest example of a star

T'he Sun is a typical main sequence star. Its principal properties are:

mass m  =1989x10¥kg ~ 230" 5%
radius R =6.960 x 108 m a3 5 GO Snnn
mean density =1409 kgm ~°
central density p. =1.6x10"kgm™° |
luminosity L =3.9x10®°W ~ly % 107 T gslowd s
effective temperature T. =15185K '
central temperature . =135x10°K
absolute bolometric magnitude M, = 4.72
absolute visual magnitude M, =479
spectral class G2V
colour indices B-V =0.62
U-B =0.10
surface chemical composition X =0.71
Yy =027
Z =0.02
rotational period
at the equator 25d
at 60° latitude 29d

T,and L —» G2V star on main sequence
Composition has changed over 4.57 x 10° years but not much at surface.
99% of solar energy from pp chain within R,
Model of P, T, M, energy production as function of r based on above pr'oper"rLeS,



From observations

Direct measures — solar constant (energy/unit/time/unit area)
Fo =1.36 X 106 ergs/sec/cm?

~.L = 41d?F = 41 x (1AU)2F = 4mm x 2.25 x 1026 x 1.36 X 10¢
Lo ~ 3.9 x 1033 erg/sec
Sun's diameter at Earth ~ 0.5° = 32’
Ro=1.5 x 1013 tanb = 6.96 x 1010 cm
For a blackbody Ly = 0T#, 411 R%,
S Th 6= 4 x 1033/5.67 x 102 x 411 x 6.962 x 1020
=1018/57 xm x5 x 10 ~ 1016
T, = 5800 K

Mass from one body (earth) orbiting another (sun)

M; = 2 x 1033 gms, and <py> = 1.4 gm/cm?2



ONE BoDY ORBITING ANOTHER -
MASS DETERMINATION
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KNoW MASS & Cowmpos!iTioN
2 CONSTRUCT STANDARD MODEL

ONE MODEL ' DURING SUN'S LIFETIME
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Sun: Model Composition changes
— evolution

from Bahcall et al 2001
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MobELSs OF SUN RELY ON SAME STRUCTURE
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Figure 11.3 The abundances of {H, 3He, and jHe as a function of radius
‘or the Sun. (Data from Gusik, private-commupication, 1904.) Bahwtl 4 of 200\
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Figure 11.4 The temperature in the solar interior as a function of radius.
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LARGEST CONTRIAUTION TO SOLAR ENERGY
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Figure 11.5 The 1nten0f lummomty of the Sun as a function of radius.

(Bata from ") Bathotll 2001)
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Figure 11.6 The derivative of the Sun’s interior luminosity with respect

to radius, showing the loca.non of the greatest contnbutmn to the energy

output. (Data from

Balcall 2.001)
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Figure 11.9 The interior mass as a function of radius for the Sun. (Data 12

from Guzik, private communication. 1994.)



How is energy transported out from interior?

In deep core, approaching
convectiive transport

Model of Sun reproduces M. L,R, T, &
surface compositions pretty well
-also fits evolutionary timescales

BUT lithium abundance anomalously low
—refine applications of convection,
rotation, mass-loss
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TESTING THE STAMDARD MODEL
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= COMPLETE & INTENSE STUDY OF THE
PHYSICAL PRINCIPLES /N SOLAR MODEL
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CORONA :
2.2.208n Schematic of Sun’s structure
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During eclipses, the chromospheric spectrum, called the flash spectrum, can be
sbserved. It is an emission line spectrum with more than 3000 identified lines. Brightest
among these are the lines of hydrogen. helium and certain metals.

One of the strongest chromospheric emission lines is the hvdrogen Balmer « line
Fie. 13.5) at a wavelength of 636.3 nm. Since the Ha line in the normal solar spectrum

ery dark absorption line. a photograph taken at this wavelength will show ine
o chromosphere. For this purpose. one uscs narrow-band filters letting through
on the light in the He line. The resulting pictures show the solar surface as a mottled.
wavy disc. The bright regions are usually the sizc ol a supergranule, and are bounded
by spicules (Fig. 13.6). These are tlamelike structures, rising up to 10000 km above the
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SPECTIRAL LINES VINDICATE SolAR MODEL
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OBERVATIONS OF COMETS SUGGEST -
SOLAR WIND, SolLAR MAGNETIC FLELD
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