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(a) A dark nebula (b) A hidden protostar within the dark nebula
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Evolution of stars
Evolution of "brown dwarfs"
Evolution of "planets”
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log,, Age(yr)

F1G. 7—Evolution of the luminosity (in L) of solar-metallicity M dwarfs and substellar objects vs. time (in yr) after formation. The stars, “brown
dwarfs” and “planets” are shown as solid, dashed, and dot-dashed curves, respectively. In this figure, we arbitrarily designate as “brown dwarfs” those
objects that burn deuterium, while we designate those that do not as “planets.” The masses (in M) label most of the curves, with the lowest three

corresponding to the mass of Saturn, half the mass of Jupiter, and the mass of Jupiter.

Burrows

M /Mg = 0.08 (80 M), core H fusion
Spectral types O, B, A, E G, K, M

M /Mg =0.065~0.080, core Li fusion
M /Mg =0.013~0.065, core D fusion
Spectral types M6.5-9, L, T, Y

6657758853
M /Mg < 0.013, no fusion ever
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On and off the main sequence
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The Expanding Crab Nebula
1973 to 2001
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TABLE 13-1 Evolutionary Stages of a 25-M, Star

Central Central Duration

Stage temperature (K) density (kg/m?) of stage
Hydrogen fusion 4 x 107 5 %103 7 X 10° yr
Helium fusion 2 X 108 7 X 10° 5 X 105 yr
Carbon fusion 6 X 108 2 X 108 600 yr
Neon fusion 1.2 X 10° 4 x 107 1 yr
Oxygen fusion 1.5 X 107 1 x 1010 6 mo
Silicon fusion 2.7 xAD? 3 x 1010 1d
Core collapse 5.4 X 10° 3 X 1012 0.2s
Core bounce 2.3 2 1019 4 x 10V milliseconds
Supernova explosion about 10° varies hours
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