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1) Prove that the energy corresponding to the “Gamow Peak” is given by
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with g, the reduced mass. Here, let’s use energy forms for the cross section:
o(E) o exp(—bE~Y/?) (3)
and the M-B distribution:
2
n(E)dE = 1—”/2(kT)—3/2E1/2 exp(—E/kT)dE (4)
T

2a) At what temperature would the energy generation rates of the PP chain and CNO cycles
be equal? Assume Solar abundances. The energy generation rates for these processes are:

qpp ~ 1.05 x 107°pX?Ty erg g~ ' s7* (5)
and
gono =~ 8.24 x 107 pX Xeno Ty erg g7t 57! (6)

where T is the temperature in units of 106 K and p is in g cm ™3,

b) What are the CNO and P-P chain energy generation rates for the Sun? Use T =
1.58 x 10" K, p=162gcm™3, X = 0.34, and Xcno = 0.013.

3a) Taking into consideration the Maxwell-Boltzmann velocity distribution, what temper-
ature would be required for two protons to collide if quantum mechanical tunneling is ne-
glected? Assume that nuclei having velocities ten times the root-mean-square (rms) value
for the Maxwell-Boltzmann distribution can overcome the Coulomb barrier. Compare your
answer with the estimated central temperature of the Sun.

b) Using the M-B distribution below, calculate the ratio of the number of protons having
velocities 10x the rms value to those moving at the rms velocity.

m mu? )
n,dv =n <27rk:T> exp <%) Adrv*dv (7)

¢) Assuming (incorrectly) that the Sun is pure hydrogen, estimate the number of hydro-
gen nuclei in the Sun. Could there be enough protons moving with a speed ten times the
rms value to account for the Sun’s luminosity?
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