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a) Briefly discuss the processes that define the minimum and maximum masses
for main-sequence stars.

b) We observe a binary system with period 15 yr in which the two stars are 1 and
2 arc sec, respectively, from the center of mass. The system is at a distance of
10 pc. Assuming the system is face-on (i = 90°) determine the individual masses
of the two stars.

¢) Jupiter radiates more energy than it receives from the Sun, here we find out if
this luminosity may be driven by a Kelvin-Helmholtz contraction.

i. Jupiter has a luminosity of 8.7 x 107*° L. Jupiter’s radius is 7.0 x 10" km
and its mass is 1.9 x 10%” kg. Compute its Kelvin-Helmholtz timescale,
assuming a uniform density distribution. Could gravitational contraction
power this luminosity for Jupiter’s entire lifetime of 4.5 Gyr?

ii. Use conservation of energy to estimate the rate at which Jupiter’s radius

is shrinking if Kelvin-Helmholtz contraction drives the luminosity.



a) Assume a star has the same mass and luminosity as the Sun, but consists entirely
of He. If the source of energy for that star were the triple alpha process, how
long would it take for the star to convert 10 percent of its helium into carbon?
Why is this time much less than the main sequence lifetime of the Sun? (The
masses needed are given on page 6).

b) After leaving the main sequence, many stars are powered by the triple-alpha
process:

3'He > "C.
This reaction is actually a two-stage process. Write down the two stages
separately and calculate their individual Q-values. What is the significance of the
resulting numbers?

¢) What is the source of the additional energy needed to supply the energy to
allow the triple-alpha process to proceed? Calculate the Gamow peak energy

for an estimate of the temperature required for helium fusion to operate.



A stellar atmosphere consists entirely of hydrogen. Assume that the temperature
is 2300 K, and that hydrogen molecules (H;) are in equilibrium with dissociated
hydrogen atoms, at a pressure of 100 Pa. Given that the binding energy of the
hydrogen molecule is 4.48 eV, estimate the ratio r of the densities of H and H,:

_ n(H)
Cn(H,)

(Hint: Derive the Saha equation for the hydrogen dissociation reaction, ie:
y+H, o H+H
You may assume that the atoms and molecules are in their electronic ground

states, so that:

g(H)=4and g(H,)=16.)



PHYSICAL CONSTANTS AND CONVERSION FACTORS

Symbol Description

Numerical Value

290792458 m s~ exactly

¢ veloeity of light in vacuum

o permeability of vacuum dr o TN AF

e permittivity of vacuum where ¢ = 1/ /Sojic 8854 < 1072 CTN" ™2
i Planck constant 6.626 x 1074 15

fi B2 1055 < 10°% J s

G gravitational constant 6.673 » 107" m? kg 577
¢ clementary charge 1602 x 107 ¢

eV clectronvolt 1602 x 10717 )

I fine structure constant, ¢° /dmzyfic 171370

m, electron mass 9,109 x 1% kg

et electron rest-mass energy 0.511 MeV

g Bohr magneton. eft/ 2, 9274 107 M T

R, Rydberg energy o m.c* /2 13.61 eV

@y Bohr radius, (1/a) (h/m.c) 0.5292 % 107% m

A angstrom 1079 m

m, proton mass 1.673 x 107 kg

e’ Proton rest-mass energy 938.272 MeV

et NEVLron rest-mass encrgy 939.566 McV

sy nuclear magneton, efi/2m, 505121007 3T
fm femtometre or fermi 16 m

b barn 1077 my?

u atomic mass unit, 3‘~:~rn§"3("“ atom) 1661 « 107 kg

Ny Avogadro constant, atoms in gram mol 6022 * 107 mol™*

I triple point temperature 736K ,

I Boltzmann constant 138 1y I K

R molar gas constant, Ny« 8315 mol ' K !

> Stefan-Boltzmann constant, {#7/60){* /7% 86712 10" Wm2 K™
Mg mass of earth 397 < 107 kg

Re mean radius of earth 6.4 X 10" m

g standard aceeleration of gravity 9.806 65 m 577, exactly
atm standard atmosphere 161 325 Pa. exactly
Mo solar mass 1.989 x 10% kg

Roo solar radius 6.960 % 10" m

Lo solar luminosity 3862 x WO W

T solar effective temperature 3800 K

Al astronomical unit, mean earth-sun distance 1496 » 10° m

pe parsec 3086 = 10" m

¥ year 31156 % 107 s




Formulae

Gravitational energy of a uniform density sphere:
_3GM°

£ 5 R
Stellar Magnitudes and Distances
m — m, =—2.5 log,(f,/f,) M = -25log,, (L/L,)+4.72
Radiation
Av=c, A T = 00029 [Km],E =hv,L = 4zR’cT*

J
K4m3]

a=7.6x107"[
Jeans density

L3 (3kT )3
PsZ o\ 2Gim

Chemical Potential ( classical, non-relativistic)

3/2
H(A) =m,c* —kT ln[ﬂg—”] n, = {2ﬂka]

n,

Chemical Potential ( classical, relativistic)
1u(A) = —kTIn &4 ny =87 [k—TT
ny
Gamow Energy
E,=2raZ,Z,)'mc’
Gamow Peak
5 (EG (kT)z )1/3
4
Kepler III
2 _ 47° »
G(m, +m,)
The masses involved in the triple alpha process:
‘He: 4.0026 u
*Be: 8.0053 u
2C: 12 u (by definition)
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