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L -10.1 Show that the equation for hydrostatic equilibrium, Eq. (10.7), can

- also be written in terms of the optical depth 7, as

1 dP _9g
] dr R
This form of the equation is often useful in building ‘model stellar
] , atmospheres
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10.3 Assuming that 10 eV %8ld be released by every atom in the Sun
through chemical reactions, estimate how long the Sun could shine

= /o

at its current rate through chemical processes alone. For simplicity, N 3 /0 33
— 1 assume that the Sun is composed entirely of hydrogen. Is it possible = 3.3 _{Z’Z
S that the Sun’s energy is entirely chemical? Why or why not? Y = <
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104 (a) What temperature would be required for two protons to collide if

quantum mechanical tunneling is neglected? Assume that nuclei j(bf
V- |0 v having velocities ten times the root-mean-square (rms) value for  — N 3:4,»”
ihe Maxwell-Boltzmann distribution can overcome the Coulomb w
— barrier. Compare your answer with the estj,ima,ted central tem- \3}’ o p :
~ perature of the Sun. Teente ~ 7/0{( E W 4
) — \Q &\}\\m ¢
[larus! tuersy = Kinebe et / )
z - L z @: 73 .
z i 7 - z /[’i Vises W/{ Yy =
/P / r /},470
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Then T =

0. ‘/ (b) Using Eq. (8.1), calculate the ratio of the number of protons hav-
' ing velocities ten times the rms value to those moving at the rms
velocity.
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7 (c) Assuming (incorrectly) that the Sun is pure hydrogen, estimate Z[? MM@

the number of hydrogen nuclei in the Sun. Could there be enough - o A
protons moving with a speed ten times the rms value to account laad
for the Sun s lumlnosn:y'? ’
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10.5 Derive the ideal gas law, Eq. (10.11). Begin with the pressure integral

(Eq. 10.10) and the Maxwell-Boltzmann velocity distribution function
(Eq. 8.1).
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10.6 Derive Eq. (10.34) from Eq. (8.1’ | ﬁ@:ﬂ) ", JE = 2a L k/kf O/L: i
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10‘7' Show that the form of the Coulomb potential barrier penetration prob-
] ability given by Eq. (10.38) follows directly from Eq. (10.37).
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Eq (10 41)

10. 8 Prove that the energy corresponding to the Gamow peak is given by
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10.11 The @ value of a reaction is the amount of energy released (or ab-
sorbed) during the reaction. Calculate the Q value for each step of the
PP I reaction chain (Eq. 10.46). Express your answers in MeV. The
masses of 7H and $He are 2.0141 u and 3.0160 u, respectively.
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- 10.i3 Complete the following reaction sequences. Be sure to include any
necessary leptons.
(a) 27Si— Al+et +2?
—1— (b) Al+IH — Mg+ 12
B B (c) $2C1 + %H — ?gAr +2?
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10.15 Estimate the hydrogen burning lifetimes of stars on the lower and up-

per ends of the main sequence. The lower end of the main sequence®® Locs _3.29%
2 occurs near|0.085 Mg} with logygTe = 3.438 and logio(L/Le) = = ( '
—3.297, while the upper end of the main sequence?® occurs at ap- Lo
@ proximatell)wwith log,o Te = 4.722 and logyo(L/Le) = 6.045.
Assume thatthe U.085 M star is entirely convective so that, through Lo - 4 6,8
convective mixing, all of its hydrogen becomes available for burning L 0 ‘O

rather than just the inner 10%.
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— 10.16 Using the information given in Problem 10.15, calculate the radii of a

——t—

P

0.085 Mg star and a 90 Mg star. What is the ratio of their radii?
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