Stellar Evolution; Nucleosynthesis

Why are there different types of stars, such as red giants and white dwarls, as

well as main-sequence stars? Were they all born this way, in the beginning? Or

might each different type represent a different age in the life cycle of a star?

Astronomers and astrophysicists today believe the latter is the case. Nole,

however, that we cannot actually follow any but the tiniest part of the life cycle

of any given star since they live for ages vastly greater than ours, on the order of

millions or billions of years. Nonetheless, let us follow the process of stellar

evolution from the birth to the death of a star, as astrophysicists have theoreti-

cally reconstructed it today.
Stars are born, it is believed. when gaseous clouds (mostly hydrogen)  Birthof a star

contract due to the pull of gravity. A huge gas cloud might fragment into

numerous contracting masses, each mass centered in an area where the

density was only slightly greater than that at nearby points. Once such “glob-  Contraciion due 1o gravity

ules” formed, gravity would cause each to contract in toward its center of

mass. As the particles of such a protostar accelerate inward, their kinetic

energy increases. When the kinetic energy is sufficiently high, the Coulomb  Fusion begins when T

repulsion between the positive charges is not strong enough to keep the (and K6)is large enough

hydrogen nuclei apart, and nuclear fusion can take place. In a star like our

Sun, the “burning”™ of hydrogen’ (that is, fusion) occurs via the profon—proton  Proton—proton cvele

cvele (Section 31-3, Egs. 31-6), in which four protons fuse to form a 3He nucleus

with the release of y rays, positrons, and neutrinos: 4 H = e +2e¢" + 20, +27.

These reactions require a temperature of about 10”K, corresponding to an

average kinetic energy (kT) of about 1 keV (Eq. 13-8). In more massive stars,

the carbon cycle produces the same net effect: Four [H produce a jHe—see  Carbon cyele

Section 31-3. The fusion reactions take place primarily in the core of a star,

where T is sufficiently high. (The surface temperature is, of course, much

lower—on the order of a few thousand kelvins.) The tremendous release of

energy in these fusion reactions produces an outward pressure sufficient to halt

the inward gravitational contraction; and our protostar, now really a young

star, stabilizes on the main sequence. Exactly where the star falls along the  Reaching the main sequence

main sequence depends on its mass. The more massive the star, the farther

up (and to the left) it falls on the H-R diagram of Fig. 33-6. To reach the

main sequence requires perhaps 30 million years, if it is a star like our Sun,

and it is expected to remain there' about 10 billion years (10" yr). Although

most stars are billions of years old, there is evidence that stars are actually

being born at this moment. FIGURE 33-7 A shell of
As hydrogen fuses to form helium, the helium that is formed is denser and ~ “burning” hydrogen (fusing Lo

tends to accumulate in the central core where it was formed. As the core of ~Pecome helium) surrounds the core

helium grows, hydrogen continues to fuse in a shell around it: see Fig. 33—7. Where the newly formed helium

When much of the hydrogen within the core has been consumed, the et

production of energy decreases at the center and is no longer sufficient Hydrogen Nonburning
to prevent the huge gravitational forces from once again causing the core fusion o uﬂ”tl‘i:pl
to contract and heat up. The hydrogen in the shell around the core then T

fuses even more fiercely because of this rise in temperature, causing the
outer envelope of the star to expand and to cool. The surface temperature,
thus reduced, produces a spectrum of light that peaks at longer wavelength (reddish). f

"The word “burn™ is put in quotation marks because these high-temperature fusion reactions occur :
via a nuclear process, and must not be confused with ordinary burning {of, say, paper, wood, or coal) Pa b
in air, which is a chemical reaction, occurring at the atomic level (and at a much lower temperature). ‘ -
‘Morc massive stars, since they arc hotter and the Coulomb repulsion is more casily overcome,
“burn” much more quickly, and so use up their fuel faster, resulting in shorter lives. A star 10 times
more massive than our Sun, for example, will remain on the main sequence only for about 107 years,
Stars less massive than our Sun live much longer than our Sun’s 10" yr.
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