
I think that 
within the next 
10 years we 
might actually be 
able to explain 
maybe one iota 
more than what 
Willy has al-
ready taught us. 

rhe universe is rhe result of the contributions 
of Willy Fowler. JUSt from simple assumptions 
abom how a star evolves, from compilations of 
nuclear [eanion rates, we can estimate the chem-
ical abundances in individual stars (very d ifferem 
from rhe abundances 011 Earth) and come remark-
ably close to what is observed, even though JUSt 
a small error in chese rates can make a huge dif-
fere nce. I think Will y would be very proud of 
how rhe fie ld looks now, especially when YOLI 

consider rhar chese complex processes work as 
well as they do theoret ically. 

We can actually plug the sum of all rhe stars 
- the output, the chemical yields that we ca lcu-
late-into an even simpler model of chemical 
evolution and come our with individual isotopic 
abundances that match those on Earth within a 
f.'lcror of unity. I find this simply amazing. This 
is probably the greatest testament to Wi lly's tife. 
This is what he set OUt [Q do, and in a way he is 
doing it stili. 

What is there, then, teft to do in stellar 
nucleosynthesis ? There arc st ill lingering 
q uestions concern ing individual isotopic reac-
tions, th ings in meteorites that we can·t explain 
using the simple assumptions of stellar evolu tion. 
\VIe are now at the point where com purer power 
allows us to employ real hydrodynamics, real 
assessments of nuclear reactions, and put these 
into real stellar evolution models. One example 
of such a model is our attempt to pur convection 
into the latter stages of a scar as it goes into a 
supernova. The computer power necessary to do 
this was nor avai lable even three to five years ago. 
With this better technology, combined with the 
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Grant Bazan de-
scribes the stellar 
evolution models now 
possible with current 
computer power, in 
particular those that 
include convection in 
the latter stages of a 
star as it becomes a 
supernova. 

knowledge that has been accrued since Willy 
Fowler began it, the field of stellar Ilucleosynthe-
sis rests on very firm ground. I think that wirhin 
the next 10 years we might actua lly be able to 
explain maybe one iota more than what Willy has 
already caught us. 

Frank Tilllllles 
Comploll Gallllll!1 Ray ObSerVaI01) Posldof/oral Felloti , 
Clemsoll Ullil'eYsif), 

Within the notion that there are sc ientific 
£'lmil ies that parallel personal f.'lmit ies, this 
photOgraph always puts a sm ile on my face. For 
then this picture shows my great-grandf.'lther, my 
grandfather, and my father, along with several 
uncles: Uncle Ray, Uncle Mike, and Uncle Syd. J 
take some of my fashion tips from Grandpa there, 
and Pop is looking pre[(y cool in his black Levis. 

J wasn't one of Wil liam Fowler's grad uate 
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Recent models 'of the 
chemical evolution of 
stars have calculated 
the abundances of 
stable isotopes from 
hydrogen to zinc, 
trying to show that, 
after many rounds of 
star formatiQI'I, this 
process will eventual-
ly reproduce 'the sun's 
known composition. 
The y·axis here gives 
the calculated abun-
dance divided by the 
measured solar abun-
dance. The most 
abundant isotope is 
marked by an aster-
isk, and isotopes of 
the same elemFnt are 
connected by solid 
lines. If this calculat-
ed stellar composition 
were the same as the 
sun's, the isotopes 
would all lie on the 
horizontal dashed 
line. They do, howev-
er, replicate solar 
composition within a 
factor of two, repre-
sented by the horizon-
tal dashed lines. 
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students or postdocs, and yet I consider Dr. Fow-
ler to be one of the most important influences 
upon my scientific life. For without the sus-
tained advice, unwavering support, and friend-
ship of his students and collaborators, much, if 
not all, of the nuclear astrophysics that I am 
involved in would simply not exist as it does in 
its prese:1t form. I am highly appreciative, and 
greatly indebted. 

Since my principal connection with Willy is 
through his science, I would like to spend a few 
moments on one aspect of that relationship. 

Burbidge, Burbidge, Fowler, and Hoyle 
composed a broad and compelling paradigm of 
how the elements are synthesized in stars. They 
identified the variolls processes that operate in 
stellar interiors, and predicred the chief nucleo-
synthetic products from rhe major nuclear burn-
ing stages. Some of the derails have changed, 
especially in the light of new physics that was 
unknown in the late 19505. For example, scat-
tering by intermediate vector bosofiS gives rise to 
neutral currents, which add a source of nemrino 
cooling. This cooling affects the core structure of 
a massive star, which in turn determines, to some 
extent, the detailed nucleosynthesis. Burbidge et 
al. and Cameron posed the following very impor-
tant question: can the nucleosynthesis that takes 
place in stars and is forcefully ejected, eventually, 
after many rounds of star formation, reproduce 
the measured solar composition? I wish to briefly 
address this question. 

By the,mid 1980s various groups had run 
detailed nuclear reaction networks on specific 
stages of stellar evolution: core silicon burning, 

shell oxygen burning, and neutron capture 
reaction sites to name just a few. These specific 
studies suggested that a sizable portion of the 
solar composition could be synthesized. Superno-
va 1987 A arrived and offered several observation-
al tests of stellar evolution and nucleosynthesis, 
along with providing a few unexpected features. 
In the early 1990s the index n in Moore's Law 
(computer speed doubles and price halves every 
18 months) had become significant enough to 
allow the routine use of detailed nuclear reaction 
networks in very finely gridded stellar evolution 
models. Coupled with an increase in our knowl-
edge of the physical and evolutionary properties 
of our galaxy, the question posed by Burbidge et 
al. began receiving fresh attention. 

The graph at left shows an example from the 
results of these recent stellar-chemical evolution 
studies. In terms of absolute solar abundances, 
the stable isotopes from hydrogen to zinc range 
over some 10 orders of magnitude. There are 
many uncertainties that affect the spread and 
pattern in the figure, for example: the treatment 
of convection, residual disagreement on key 
nuclear reaction rates, functional form of the star 
formation rate, and even the measured abundan-
ces themselves. Certainly this graph does not 
represent the final answer, nor the first, but it is 
very encouraging that the isotopic solar composi-
tion from hydrogen to zinc is replicated to within 
a factor of two. 

Willy played a central role in this calcula-
tion- directly, by his compilations of the 
necessary nuclear reaction rates, and indirectly 
by training and motivating his students, grand-
students, and great-grand-students. I think a 
reasonably correct calculation of the isotopic solar 
composition is a beautiful example of the 
adventure associated with connecting nuclear 
physics to astronomy. It is very exciting, and an 
honor, to assist in propelling the science which 
Willy had such a profound influence on into the 
next millenia. 

{The 'family" photograph on the opposite page was 
taken by David Arnett in front of The Green Man pub 
in Gremtchoter, England, at lunchtime, ca. 1971. 
From left to right: Syd Falk, Kem Hainebach, Mike 
Howard, Stan Woosley (identified as Pop in the text), 
Ray Talbot, F. C. Michel (Caltech BS '55, PhD 
'(2), Cliff Morris, Don Clayton (MS '59, PhD '62; 
identified as Grandpa in the text), and Willy Fowler.} 
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