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Nucleosynthesis is the process by 
which the chemical elements and their 
isotopes are formed. In the 1950s, 
there was great discussion as to 
whether the abundance pattern ob­
served in the Solar System and in stars 
was the result of cosmological or of 
stellar nucleosynthesis. We now be­
lieve that more than 90% by mass of 
the solar abundance pattern is a relic 
of cosmological nucleosynthesis-that 
is, a product of the Big Bang. 

While dominant from the perspec­
tive of mass of material, cosmological 
nucleosynthesis is not so from the per­
spective of variety. Big Bang nucleo­
synthesis made few elements: only hy­
drogen and some of the helium and 
lithium. The rest, including the ele­
ments needed for making terrestrial 
planets and people, is thought to be 
the result of thermonuclear burning in 
stars, and in particular the relatively 
rare stars that become supernovae. 
Thus, nucleosynthesis has become a 
probe, a diagnostic, of extreme stellar 
conditions and of the ongoing evolution 
of stellar systems. The increase in 
abundance of what astronomers term 
"metals" (that is, elements with Z > 2) 
has long been used to distinguish the 
ancient population II stars from the more 
recent (approximately solar) population I. 

The empirical basis of the subject 
has changed dramatically within the 
past decade or so, with the detection 
of gamma-ray lines from freshly syn­
thesized nuclei; pre-solar grains that 
solidified in supernova events and were 
later incorporated in meteorites; two 
of the brightest supernovae (SN1987 A 
and SN1993J) since the invention of 
the telescope; galaxies at early times 
(high redshift) in the Hubble Deep 
Field; and a wealth of other new ob­
servations, bearing on supernovae and 
galactic evolution, from new-technol­
ogy telescopes in space and on the 
ground. Our understanding has also 
risen with the increase in computer 
power. Given the rapid growth in this 
field, any new monograph relating to the 
subject is a welcome aid in organizing 

the thicket of ideas and data. 
The strength of Nucleosynthesis and 

Chemical Evolution of Galaxies by Ber­
nard Pagel is in its treatment of the 
connection between astronomical ob­
servations and phenomenological mod­
els of the evolution of galaxies. The 
author has been a leader in this area 
for many years, and the book reflects 
his interests. The discussion of galac­
tic evolution begins on the two-hun­
dredth of 378 pages, and so occupies 
the last half of the book. The discus­
sion of galactic evolution uses as a 
paradigm the "one zone" model, which 
has the great advantage of simplicity 
but is sufficiently unlike real galaxies 
to give rise to the worry that its pa­
rameters are poorly connected to what 
is really occurring. The notions of what 
these parameters mean may crowd out 
real understanding of the underlying 
processes. However, in Pagel's hands, 
this phenomenological model brings 
some order to a messy subject. 

What of the first half of the book? 
The discussion of spectral-line forma­
tion, based upon the traditional curve­
of-growth method, gives an indication 
of the issues in abundance determina­
tions. Model atmosphere simulations 
are now the methods of choice, but 
many of the uncertainties are shown 
more clearly from this historical ap­
proach. Chapter 4, on cosmological 
nucleosynthesis, contains an excellent 
critical review of the observational con­
straints at present and is a valuable 
addition to the literature. For insight 
into the underlying issues of physics, 
the reader will need to delve into the 
reference list (Rocky Kolb and Michael 
S. Turner's The Early Universe , Ad­
dison-Wesley 1990, is my favorite, al­
though somewhat old by the standards 
of this rapidly evolving field). 

Pagel includes a fairly extensive in­
dex and six appendices. Each chapter 
is followed by notes and problems. One 
appendix gives hints for solving the 
problems, which is a nice touch. The 
problems are not as intimately con­
nected to the text as in Don Clayton's 
Principles of Stellar Evolution and Nu­
cleosynthesis (McGraw-Hill, 1968 and 
U. Chicago P., 1984). The reference 
list is a bit lean, but probably adequate 
as a starting point. 

From my perspective, the book does 
have significant flaws. The causal con­
nection between the astronomy and the 
physics often leaves the reader needing 
more information; the discussion is 
simple, but could have been more com­
plete without becoming more complex. 
In the discussions of the underlying 
physics, the emphasis is on phenome­
nology rather than analysis. There are 
only about seven pages on the evolution 
of massive stars, even though they 
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have done almost all of the nucleosyn­
thesis since the Big Bang-that is, 
almost all that can be seen in the 
evolution of galaxies. The book gives 
no explanation of why the massive 
stars are so effective as nucleosynthe­
sizers, or why the physics of their evo­
lution produces the characteristic ele­
ment abundance patterns, although 
the answers have been available for 
more than two decades now (neutrino 
cooling is the clue). The evolution of 
other stars is discussed in more detail, 
but still tersely. The r-process and 
s-process of neutron capture are men­
tioned, but with little depth. 

This is a good and useful book nev­
ertheless. The astrophysicist will find 
the astronomical lore enlightening, 
and the astronomer will find references 
to discussions of the underlying phys­
ics. This could be used as a text for a 
graduate course (it derives from a 
course at Copenhagen University), if 
the weaknesses are supplemented by 
lectures or other material. 
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