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Theories of the origin of the chemical elements can be 
used effectively to provide a unifying theme in teaching 
nuclear phenomena to chemistry students. By tracing the 
element-producing steps that are thought to characterize 
the chemical evolution of the universe (1,2), we can intro- 
duce the basic principles of nuclear nomenclature, structure, 
reactions, energetics; and decay kinetics in a self-wnsistent 
context. This approach has the additional advantage of giving 
the student a feeline for the oriein of the elements and their 
relative abundanc& in the so& system. Further, one can 
logically introduce all of the basic forces and particles of na- 
ture, as well a s  the many analogies between nuclear and 
atomic svstems (3-6). The subiects of heaw-element svnthe- 
sis, dating, and the practical applications of nuclear phenom- 
ena fit naturally in this scheme. 

Within the nucleosvnthesis framework i t  is possible to 
modify the presentati& of nuclear behavior to suit the audi- 
en-rangingfrom an emphasis on description for the begin- 
ning student (7) to a quantitative theoretical approach for 
maduate students (I. 8). The subject matter is flexible in that 
the basic principles ian be condknsed into a few lectures as 
part of a more general course or expanded into an entire 
course. The following sections describe this approach, with 
primary emphasis on teaching a t  the elementary level. Logi- 
cal extensions to more advanced presentations are also given. 

Basic Properties of Matter 
Elementary Particles 

Astrophvsicists eenerallv agree that in its primordial 
state thk &verse was cogposed of matter in its simplest 
forn-the elementary particles. Thus, a discussion of the 
types and properties bfk~ementary particles provides both 
a convenient and logical starting point in the proposed syl- 
labus (9). Discussion of the elementary particles serves a 
two-fold purpose. First, students become acquainted with 
the  fundamental buildine blocks of nature with which - 
every science must deal. Second, they also learn to distin- 
mish  the elementarv narticles from one another. which re- - . . 
quires a n  understanding of the basic properties of mat- 
ter-mass, energy, electric charge, stability, spin, etc. 

The extent to which one considers the elementarv parti- .. 
cles varies with the course level. For the introductory stu- 
dent, a presentation that includes only the neutron, pro- 
ton, electron (its antiparticle, the positron), and photon is 
sufficient to convey the basic ideas necessary to account for 
the origin of the elements. For more advanced students, 
the neutrino and a more extensive discussion of spin and 
antiparticles might also be included. Higher level courses 
would include, for example, the neutrino, mesons, hy- 

perons, and quarks, as well as a detailed examination of 
elementary particle spectroscopy (91, in which the elemen- 
tary particles and resonances are classified in the same 
framework a s  nuclear and atomic spectroscopy. 

Mass 

Among the basic properties of the elementary particles, 
those of mass, electric charge, and stability (or half-life) 
are essential to any presentation of nuclear and atomic 
phenomena for beginning students. Regarding the concept 
of mass, it is worthwhile to illustrate 

the definition of the atomic mass unit (amu) where the 
mass of ("C).is 12.000000 amu . how the numerical value of the mole arises from the 
preceding definition . the absolute mass of 12C in grams and the definition of 
the gram-atomic weight 

This should help rationalize the mole concent more exolic- 
itly, which is irkportant, because studentsAfrequently' be- 
lieve that Avogadro's number is a fundamental constant. 

Spontaneous Dansformations 

The concept of spontaneous transformations also should 
be presented a t  this point to overcome one of the major 
oroblems with the a ~ ~ r o a c h  to nuclear chemistrv de- . . 
scribed here: that is, radioactive decay is considered rela- 
tivelv late in the svllabus. An understanding of first-order 
rate processes in radioactive decay is required not only for 
subseauent discussion of nuclear stabilitv and element 
synthesis but also as preparation for working with radioac- 
tive sources in anv associated laboratory-based course (7). 

This background can be readily furnished by considering 
decay of the neutron to a proton in  free space, 

An + :H + .@+i half-life = 10.8 min 

At the introductory level, where the concept of spin may 
not be desired, the antineutrino (i) can be omitted. 

Elementary Particles a n d  the Basic Forces 

With a knowledge of nature's buildine blocks, the stu- 
dent can then focus on how these units aFe bound together 
into nuclei. Because the mavitational, electromametic. 
and nuclear forces all playimportant roles in element syn: 
thesis, a comparative description of these forces aids the 
development of the course significantly. I t  also gives the 
chemistry s tudent  a broader view of nature's forces, 
thereby correcting the tendency of chemists to focus their 
attention on the electromagnetic force. 

840 Journal of Chemical Education 



Conservation Laws 

The consewation laws (focusing on, for example, mass-n- 
ergy, charge, baryons, or spin) establish a fm- basis for the 
subseauent development of both chemical and nuclear ther- 
modyGamics and the balancing of both types of equations. 
The consewation of mass-energy familiarizes the student 
with the concept of energy and its related unit, million elec- 
tron volts (MeV), as well as  the interconvertability of mass 
and energy by means of the Einstein equation E = me2. Here 
it  is possible to illustrate that mass is converted into energy 
(or vice versa) in nuclear interactions. 

Bv a~orooriate calculations using thermodvnamic data, . A. 

i t  can be &own that mass is also converted into energy in 
chemical reactions, but the mass change is so small that 
we cannot measure it  with most techniques. The balancing 
of both nuclear and chemical equations is simply an appli- 
cation of the law of conservation of baryons (e.g., nucleons) 
and electric charge. The balancing is not-as is frequently 
implied in the teaching of chemistry--a consequence of the 
consewation of mass. 

Interactions between Particles and Forces 

Depending upon the time allotted for the presentation of 
these ideas. mauv ~ossibilities oresent themselves as illus- - .  
trations of the possible interactions between the elemen- 
tary particles and the basic forces. Space travel and plane- 
t a r y  motions provide familiar i l lustrat ions of t he  
eravitational force. Chemical structure, interactions of ra- - 
diation with matter, and particle sccelcrators demonstrate 
ths  clectromaanetic force. The competit~on among the  
gravitational, electromagnetic, and nuclear forces is im- 
portant in stellar interiors, where the electric repulsion be- 
tween the identically charged protons must be overcome in 
order to form more-complex nuclei. 

"Sea of Stability" 

Closed Shells 

Emperature and Density 

As far as stellar evolution is concerned, i t  is essential to 
discuss the relationship between temperature and density: 
Matter cools during expansion and heats up under com- 
pression. This is relevant to both big bang expansion and 
the heating of large bodies of matter under the force of 
gravitational pressure. The latter is responsible for achiev- 
ing sufficiently high temperatures in the cores of stars to 
initiate nuclear reactions. Stellar temperatures can be 
used to furnish the student with a new dimension in the 
concept of temperature, especially a t  the graduate level. In 
stellar interiors, where temperatures may reach billions of 
degrees, the statistical mechanics of nuclear matter pro- 
vides a useful theoretical analogy with chemical systems. 

The Nuclear and Elemental Composition 
of the Solar System 

Before proceeding directly to the subject of nucleosynthesis, 
an examination of our current knowledge of the stability of 
nuclei and the abundances of the elements found in our solar 
system is necessary. From this information-combined with 
our understanding of the interaction between the fundamen- 
tal particles and forces--our theories of element synthesis 
have been derived. In essence, nuclear stability tells us which 
nuclides can be synthesized, and the solar system abun- 
dances tell us which nuclides actually exist. Thus, the theory 
must be self-consistent with nuclear science concerning syn- 
thesis and with astronomy, geochemistry, and atomic spec- 
troscopy concerning relative abundances. 

Nuclear Stability 
Sea of Instability 

Discussions of nuclear stability and the most-favored 
neutron-proton combinations can be greatly aided by use 
of the allegorical Sea of Instability originally devised by 

Seabore (10) and shown in Firmre 1. In- 
itially, :his can be used to introduce nu- 
clear nomenclature (isotopes, atomic 
numbers, etc.) and conventions (&no- - ~ 

tation). 
An aerial view of the veninsula of sta- 

N- 
Neutrons 

bility reduces to the itandard plot of 
neutron number (N) versus atomic num- 
ber (2) for the known nuclides. The two- 
dimensional view from sea level (or alti- 
tude profile) reflects the binding energy 
per nucleon for the beta-stable isotopes. 
The summit a t  "Fe, which represents 
the most stable nucleus in nature, is of 
great significance to theories of heavy- 
element production, as  mentioned later. 
Other ridges and peaks arise from the 
effects of nuclear shell structure and 
stable shape deformations. 

Nuclear pairing effects are not imme- 
diately evident, but by examining the 
fine structure of the average binding en- 
ergies, one can readily observe that the 
surface of the peninsula is rocky-not 
smooth. This is due to the additional sta- 
bility of paired neutron and proton com- 
binations (even 2 ,  even iV compared 
with nuclei containing unpaired nucle- 

Figure 1. The "sea of nuclear instability'' represents the relative stability of possible neutron- OnS Or OddN Or odd). 
proton combinations in nuclei. Neutron and proton numbers are plotted in the horizontal plane, the island of stability nea r2  = 114 andN 
whereas stabilitv is indicated bv the vertical dimension. Here "sea level" corres~onds to a half- = 184 introduces the concept of super- 

~~~~~~~ 

life of about Is ior a given nuheus, giving rise to a "peninsula of stability" for ihe more stable heavy elements and raises the question 
nuclei in nature. Solid lines correspond to closed nuclear shells. The "island of stability' near of their possible existence in nature. 
114 protons and 184 neutrons represents predicted "superheavy nuclei', but none have ever ~ h ~ ~ ,  pieure 1 Dermits a aualitative 
been obsewed. 

, - 
summarization of the conditions favor- 
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able to nuclear stability. I t  also introduces the liquid drop, 
shell, and unified models of nuclear structure (11). 

Solar Abundances 

The solar system abundances of the elements shown in 
Figure 2 of ref 12 should be common knowledge for chem- 
ists in the present age of space travel. The preponderance 
of the elements hydrogen and helium lends support to the 
theory that matter evolved from elementary particles and 
further emphasizes the dominant role played by the sun in 
the comoosition of our solar svstem. Abundance anomalies, 
such as  the low concentrations of lithium, heryllium, and 
boron and the relatively large amounts of iron and nickel, 
correlate closely with known nuclear structure phenom- 
ena. The absence of the elements technetium and prome- 
thium and nuclides such as  2 4 4 P ~  and lZ9I in nature tells us 
much about cosmochronology: Their half-lives (all less 
than lo8 years) are too short for them to have survived 
since the formation of the earth. On the other hand, ura- 
nium and thorium, which have half-lives greater than lo9 
years, exist in nature. For the geochemically oriented, dis- 
cussions of variations in elemental and isotopic abun- 
dances as  a function of sample represent some highly com- 
plex chemical as well as  nuclear problems. 

The Origin of the Elements 

During the approximately 15 billion years that have 
elapsed since the big bang-from which we trace the origin 
of our universe--a complex array of processes has shaped 
our present environment. The emergence of galaxies, 
stars, planets, and life itself from the primordial big bang 
dust represents the consequences of interactions between 
nature's basic forces and the fundamental particles. 

Nucleosynthesis of the chemical elements can be under- 
stood as  arising from three major sources. 

J 
Gravitation 

Condensation 
( T,p ) 

Stellor Gos,Dust,etc. 

2 
r -Process (Supernova) 

Hew elements 

1 
Mixing ,Rotation 

white 
Dwarfs 
(low M) 

C-and O- Burning- 
"si % + 

Helium Burninp 
*/ (Red- Gionis)-s-pmwss 

12 16 
3a--r~, o 1( 

A Heavv 

Hydrogen'Burning 
(Mom Sequence) 

4k 4 e  

PI, PPII, PPIII, CNO 

(M, R. L, T) 

Figure 2. Life cycle of a star. 

. cosmological nucleosynthesis in the big bang, 
affectine all matter in the orimordial universe 

by galactic cosmic rays as they traverse space 

A more detailed description of these processes is con- 
tained in the accomuanvincr article bv E. Norman (12) and 
in an earlier mono&aph inthis ~ou rna l (2 ) .  Here we focus 
on the use of these ideas in the classroom. 

The Big Bang 

The bie bane theorv of the oriein of the universe is be- - - - 
lieved to account for the formation of most of the matter in 
nature as well as its observed abundances. that is. the 98% 
of all matter known to he hydrogen and hehum However, 
big bang theorv accounts for little ofnature's dwers~tv, that 
is,the 2% comprising the elements from carbon tb ura- 
nium. The big bang concept stems from observations by 
Hubble (1,131, dating back to the 1920'9, that indicate our 
universe is expanding, presumably as  a result of a primor- 
dial explosion that occurred some 15 billion years ago. In  
the 1960's, Penzias and Wilson (1,131 provided additional 
support for this theory when they detected the 2.7 K uni- 
versal background radiation thought to be the embers of 
this primeval event. 

The big banc  is a useful means of introducina the 
me~han i~ rns  and energetics of nuclear reactions andtheir 
relation to the nuclear force. Presentation of the network 
of reactions that lead from urotons and neutrons UD to 4He 
synthesis and the difficu1t:es in surpassing 4He in'the big 
bang can be used to give the student experience in . balancing nuclear reactions 

calculating the energy released in such processes 
evaluating the effect of the nuclear and Coulomb forces 
on such reactions 

These examples of nuclear fusion reactions also permit in- 
troduction of fusion power at this stage (14). One of the dan- 
gers a t  this p o i n t a s  i t  is throughout such a presentation-is 
the tendency to equate the observed physical event (e.g., the 
expanding universe and its thermal background) with the 
model proposed for its explanation (the big bang). It is impor- 
tant to remind the student throughout that direct measure- 
ments of nuclear reactions in cosmoloeical ~henomena are 
few in number, although the solar neutzno experiments (15) 
and w a v  detectors aboard soace vehicles have indeed om- , " 
vided evidence for such events. 

Stellar Evolution 

The stages of nucleosynthesis that characterize stellar 
evolution present numerous important nuclear processes. 
The essential thesis of this theory is that inhomogeneities 
in the expanding big bang matter (largely hydrogen and 
helium) produce localized concentrations of matter that 
beein to contract under the mavitational uressure of their - - 
mass. This is the onset of galaxy and star formation. The 
material in the core of such bodies heats up and eventually 
becomes hot enough to trigger nuclear reactions, which are 
exothermic for the fusion of nuclei lighter than '"e. The 
onset of nuclear burning counterbalances the gravitational 
contraction of a star and thus stabilizes it. 

Hydrogen Burning 

The bydrogen-burning reaction has been proposed as the 
initial step in element synthesis and is the source of energy 
in main sequence stars such as our sun. Although there are 
several variations, the principal reaction sequence for such 
stars is 

' H + ' H + ~ H + D + + v  (2) 
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z3He + %e + Z'H (4) 

Net 

4 : ~  + ;He + 2Pi+ 2v + 26.7 MeV ( 5 )  

These examples of fusion reactions represent the type of 
reaction that occurs in thermonuclear explosions and the 
controlled fusion reaction, which may become a major 
source of power someday. 

At the more advanced level, the ratedetermining step in 
hydrogen burning, thep @, PI v) 'H reaction (21, presents the 
complexities of weak interaction theory and the statistical 
mechanical aspects of nuclear reactions a t  high tempera- 
tures. In addition, questions concerning the estimated life- 
tune of the sun and stellar itructure can also be examined in 
this !hnework. The solar neutrino experiments (15) are an- 
other significant subject of interest here and represents man- 
kind's first attempt to measure nuclear reactions in stars di- ~ ~ ~ 

redly (Also see tee article by E. Norman (12) in this series.) 

Helium Burning 

The next stage of nucleosynthesis, helium burning, is as- 
sociated with red giant stars and is represented hy 

This reaction provides an excellent example of the inter- 
play among the quantum states of a final product, the ther- 
modynamics of a reaction, and the Boltzmann distribution 
of reactant energies in determining the course of a nuclear 
reaction. This should he particularly meaningful to gradu- 
ate students in chemistry. 

Carbon and Silicon Burning 

The succeeding stages of stellar evolution-carbon burn- 
ing and silicon burning-can be represented schematically 
by equations such as 

"C + "C + 2 4 ~ g  + y (7) 

multiple 
28 - F Si 4He capture %e + 2Pt + 2v 

(8 )  

Due to the large Coulomb inhibition of these reactions, 
they will not occur without very high temperatures. Thus, 
in this stage of stellar evolution, a star is increasingly un- 
stable. Although carbon and silicon burning are covered 
briefly with beginning students, these processes also pro- 
vide useful examples of heavy-ion reactions and photonu- 
clear reactions a t  the graduate level. 

The r-Process and Supernovae Explosions 

The final stage of stellar evolution-the r-process-holds 
considerable interest because it is frequently linked to one 
of the most spectacular events in the universe: supernovae 
explosions (16, 17). All the previously discussed processes 
involve exothermic nuclear reactions that counterbalance 
gravitational attraction and thus stabilize a star. However, 
charged-particle-induced uuclear reactions on nuclides he- 
y o u g 5 6 ~ k  experience large Coulomb repulsions and are 
less exothermic than reactions involving lighter elements. 
(See the peak on the peninsula of stability, Fig. 1.) 

Thus, once considerable iron is present in the core of a star, 
nurlear burning ceases to provide a source of stellar stribility. 
Gravitational collapse (implosion ofthe core follows, produc- 
Inxa rap~d mrreask in strilar temperatures and tnggenng a 
mult~tude ofnurlear reartlons that cause the outer envelopes 
of the star to explode. Neutrons constitute an abundant nu- 
clear constituent of such a star, and the rapid, multiple cap- 

ture of these neutrons on S6Fe seed nuclei is believed to pro- 
duce heavy elements up to and beyond ='U. 

Besides a grasp of neutron-induced reactions and heavy- 
element synthesis, students also need some understanding of 
nuclear fission before they approach the r-process. Fission 
terminates the chain of mass buildup in the r-process and 
thus sets the upper limits on the production of heavy ele- 
ments in nature. This also permits discussion of transura- - - - ~ - - ~ ~  ~ ~ 

nium and superheavy elements. Neutron stars (the theoreti- 
cal exdanation for oulsatina stars) and black holes can also 
be iu&oduced into the discukon here as possible residues of 
the neutron-rich environment in the post-r-process core. 

The s-Process and the Full Cycle 

The cyclic process of stellar evolution is shown in Figure 
2. In later-generation stars. secondarv reactions can Dro- 
duce heavyelements up to 'O'B~ by slow, multiple, neutron- 
capture reactions on 56Fe seed nuclei (s-process). The simi- 
lahty between this process and the syrkhesis of elements 
in a nuclear reactor presents the opportunity to discuss 
nuclear reactors and neutron activation analysis (18,191. 

Cosmic Rays and the Interstellar Medium 

Finally, the p-process, which is responsible for produc- 
ing the low-abundance light isotopes of heavy elements, 
can be used to familiarize the graduate-level student with 
high energy and cosmic ray reactions. In this vein, the 
svnthesis of lithium. bervllium. and boron isotopes due to 
interaction of galactic cosmic rays with the interstellar 
medium (20) is also relevant. This can lead to discussions 
of the eventual fate of the universe. Will it expand forever 
or eventually contract (21)? 

Summary 

Thus, the subject matter contained in a description of 
stellar evolution covers the ranee of nuclear reactions, - 
ranging from nucleon-nucleon and resonance reactions to 
nuclear fission. Additionallv. the student obtains a feel for 
the source of the elements in our universe as  well as 
knowledge concerning thermonuclear fusion, nuclear reac- 
tors, and heavy-element synthesis. 

Radioactive Decay 
The postsvnthesis fate of the unstable nuclei formed dur- . " 

ing nucleosynthesis present6 many valuable examples for 
~llustratinrc the kinetics and modes of radiouctive decay 
For instance, the neutron-rich products formed in the 
r-process are all unstable toward negatron decay. After 
beta-stability is reached, the products heavier than bis- 
muth are still unstable toward alpha decay and, in some 
cases, spontaneous fis.iion. 

These last two decay modes, along with the fission prob- 
ability for heavy-clement nuclear reactions, limit the pro- 
duction of new heavy elements in the laboratory and i n  na- 
ture. Thus, the existence of superheavy elements in nature 
hinges on the likelihood that these reactions will occur 
(10). Electron capture and positron emission are important 
to the silicon-burning process and the CNO cycle of hydro- 
een burning. Gamma decav examples can be found a t  
every stageGf nucleosynthe&. &a&, the level of discus- 
sion is flexible, ranging from the simple presentation of the 
appropriate uuclear equations to the examination of the 
complexities of bamer penetration, beta decay, and elec- 
tromagnetic transition theory. 

In the presentation of nuclear decay kineticsanother in- 
stance where the uuclear example provides a valuable intro- 
duction to firsborder chemical rate laws-the fate of the pose 
synthesis radioactivities illustrates the salient principles. 
The radioactive decay laws can be directly applied to nuclear 
dating techniques and heat generation in radioactive sam- 
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ples, such as soils with their radioactive potassium, ura- 
nium, and thorium concentrations. Consideration of dab 
ing techniques that are used to determine the ages of ele- 
ment synthesis, solar system solidification, and geologic 
formations also leads naturally to the subject of I4C dating 
of mhaeological samples. Methods such as mbidium-stron- 
ti- isochrons and fission-track dating also fit well here. 

Finally, the relationships between parent and daughter ra- 
dioactivities in successive radioactive decay chains can be 
readily placed in the cosmochronological setting. The cases of 
nonequilibrium and transient equilibrium in radioactive de- 
cav find manv examples in the oost-r-~rocess decav chains. 
6 e  standardkxampfes for seculir equiiibrium, of c'w se, are 
the natural uranium and thorium decav series. These proc- 
esses find direct analogies in chemicai knetics in terms of 
rate-determining reactions. 

Synthetic and "Superheavy" Elements 
Because the stellar evolution model presented here termi- 

nates with the production of heavy elements in the s- and 
r-processes, it furnishes a convenient point of departure for 
discussing the manmade elements and the possibility of dis- 
covering new superheavy elements, that is, those with nu- 
clides near 298114 or still heavier (22)). The history of ele- 
ments 93-109, their chemical and nuclear properties, and the 
synthesis techniques that characterize them-all these topics 
represent an area of chemistry that students universally find 
intriguing. Furthermore, it is this area of nuclear science that 
truly belongs in the domain of the chemistas examination 
of the literature will reveal (23). 

Examination of the problems inherent in the detection of 
new elements summarizes many of the principles dis- 
cussed earlier. They can be used to generate excellent ex- 
ercises into the complications of nuclear-reaction mecha- 
nisms and decay-rate theory for the nuclear chemistry 
graduate student. Finally, the subject of superheavy ele- 
ments furnishes students at  all levels with insight into the 
limitations of the periodic table (22). 

Radiation in Man's Environment 
The present-day radioactive remnants of nucleosynthe- 

sis constitute an introduction to the role played by radia- 
tion in our lives. Probably one of the most-important goals 
of teaching nuclear phenomena is to provide the beginning 
student with the information necessary to assess intelli- 
gently the pros and cons of nuclear technology. Unfortn- 
natelv. this is freauentlv omitted from elementarv chemis- ". ~-~~~ -~ ~ ~A 

try courses. In order to minimize the "radiation 
hvoochondria" that often characterizes the public attitude 
toward all forms of nuclear radiation, it is important to ac- 
auaint students with the natural levels of radioactive nu- 
llides, such as 40K, U, and Th, as well as cosmic radiation, 
that are part of our evolutionary environment. 

With these fads in mind, it is then valuable to examine 
the applications of radioactivity and radiation (71, espe- 
cially in the medical sciences (24). Depending upon the 
time available and the intent of the course. vou might also 
cover the use of radioactive tracers and radiation ecects in 
chemistm. medicine. aericulture. and other fields. Such de- ", . - 
scriptions can become a valuable part of the student's gen- 
eral knowledge. Due to its increasing importance in envi- . . - .  
ronmentnl studws, neutron act~vation analysis i i  also 
valuable to the, upper-level undergraduate r 191. . . - 

Finally, the issues surrounding nuclear power produc- 
tion-already touched upon in earlier descriptions of fis- 

sion and fusion reactors--can be studied further in terms 
of environmental considerations, such as thermal pollu- 
tion, the possibility of radiation leakage, and disposal of 
nuclear wastes (18). Here the concept of risk analysis 
should also be introduced in relating radiation to other po- 
tential environmental hazards. 

Conclusion 
A broad outline for the combined teaching of the origin of 

the elements and the basic principles of nuclear chemistry 
has been presented here. cleariy, there are many va& 
ations on this general theme. This approach can be used to 
bring increased relevance and continuity to the teaching of 
nuclear principles at  all levels. Experience has demon- 
strated that this combination of subject matter can be 
achieved without appreciably lengthening the time re- 
quired for teaching traditional nuclear chemistry courses. 
Unless care is taken to introduce radioactive decay early in 
the presentation, the nucleosynthesis format can present 
some problems for those who desire an integrated labora- 
tory program, although we feel that this has been success- 
fully overcome in the IAC program (7) at  the introductory 
level. For more advanced courses, refs 1 and 8 are a con- 
venient source for recommended texts. 

In summary, the great interest in astrophysical phe- 
nomena that has evolved over the past several decades 
can serve as a stimulating focus for the teaching of nu- 
clear phenomena. Theories of the origin of the elements 
provide a convenient syllabus for translating this interest 
to the classroom environment. 
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