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Figure 4.2 Schematic representation of the Coulomb barrier - the repulsive potential
encountered by a nucleus in motion relative to another — and the short-range negative
potential well that is due to the nuclear force. The height of the barrier and the depth of

the well depend on the nuclear charge (atomic number).
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Figure 3.4 Illustration of the potential seen by particle b when approaching particle A with a
kinetic energy E,, and the corresponding wavefunction W, classically, particle b would reach only
a distance ry from particle A before being repelled by the Coulomb force .
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Fig. 46 The dominant energy-dependent factors in thermonuclear reac-
tions. Most of the reactions occur in the high-energy tail of the max-
wellian energy distribution, which introduces the rapidly falling factor
exp (—E/kT). Penetration through the coulomb barrier introduces the
factor exp (—bE-1), which vanishes strongly at low energy. Their
product is a fairly sharp peak near an energy designated by Eo, which is
generally much larger than k7. The peak is pushed out to this energy by
the penetration factor, and it is therefore commonly called the Gamow
peak in honor of the physicist who first studied the penetration through

the coulomb barrier.

“Ignition” of a nuclear reaction
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Fig. 4-7 The Gamow Eeak for the reaction C!12(p,v)N"at T = 30 X 10¢°K.

The curve is actually somewhat asymmetric about E,, but it is nonetheless
adequately approximated by a gaussian.
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George Gamow (1904-1968)

Russian-born physicist, stellar and big bang
nucleosynthesis, CMB, DNA, Mr. Thompkins
series

1960s U Colorado
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Figure 10.3 Evolution of the luminosity of red dwurf stars (solid curves), brown dwarfs
(dashed curves), and planets (dash-dotted curves). Brown dwarfs are here identified as
those objects that burn deuterium, Curves are labelled according to mass, the lowest three
corresponding to the mass of Jupiter, then half of Jupiter's mass, and finally the mass of
Saturn [from A. Burrows et al, (1997), Astrophys. J., 491,
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Figure 10.4 Mass-radius relation: for low-mass objects [following H. 5. Zupolsky &
E, E. Salpeter (1969), Astrophys. J., 158]. Different curves correspond to different com

positions, as indicated. The locations of several planets — Earth, Jupiter, Saturn, Uranus,
and Neptune — are marked by the planets’ symbols. Also marked are the locations of two
white dwarfs — Sirius B (§) and 40 Eridani B (¢) [data from D. Koester (1987), Astrophys.
J, 322).
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Figure 16.9 Lithium absorption in a pre-main-sequence star. Shown is a portion of the optical
spectrum of BP Tau, a T Tauri star of spectral type K7, corresponding to an effective tempera-
ture of 4000 K. Also shown, for comparison, is 2 main-sequence star of the same spectral type,
61 Cyg B. Only in the first star do we see the Li I absorption line at 6708 A. Both objects ulso
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M > 1.2 M _sun - shallow convection =» surface Li
does not deplete during contraction
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Figure 16.10 Theoretical prediction of pre-main-sequence lithium depletion. Within the white
area between the birthline and the ZAMS, the surface [Li/H] is equal to its interstellar value of

2 % 107", Stars in the lightly shaded region have depleted the element down 1o 0.1 times the
interstellar value. The darker shading indicates depletion by at least this amount. Note also the
masses on the ZAMS, in solar units, and the indicated isochrone. '
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Q: Why does it take longer for low-
mass, young stars to reach the main
sequence”?

Q: Why do low-mass stars have a
higher average material density than
higher mass stars?

Q: Why are very low-mass stars fully
convective? How does this have
anything to do with their surface
activities? How does this affect their
post-main sequence evolution?
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