
cies succession and suggests that what is 
observed is the net result of small-scale 
perturbations in time and space superim- 
posed on large-scale changes. From my 
viewpoint as a physiologist who normal- 
ly deals with one perturbation at a time, 
the complex world of phytoplankton por- 
trayed by Smayda will never be under- 
stood until we can make accurate mea- 
surements of each of the parts. 

Overall, the book is an outstanding 
source of reference material for student 
and researcher alike. As a testament to 
the current renaissance in phytoplankton 
ecology, the book (which covers for the 
most part research through about 1977- 
1978, and in some chapters through 1979) 
already seems to be approaching obso- 
lescence when compared with the re- 
cently published proceedings of the 1980 
Brookhaven symposium, Primary Pro- 
ductivity in the Sea (P. G. Falkowski, 
Ed., Plenum, 1980; see review in Science 
212,794 [1981]). The two volumes none- 
theless, considered together, provide a 
comprehensive synthesis of the state of 
the art and define in explicit terms the 
scope and limits of our understanding of 
how very small organisms exist in the 
aquatic environment. 

JOEL C. GOLDMAN 
Woods Hole Oceanographic Institution, 
Woods Hole, Massachusetts 02543 

Nuclear Shells 

Theory of the Nuclear Shell Model. R .  D. 
LAWSON. Clarendon (Oxford University 
Press), New York, 1980. xii, 534 pp., illus. 
$129. Oxford Studies In Nuclear Physics. 

The goal of nuclear shell theory is to 
describe the energy levels of nuclei and 
transitions between these levels. Ideally 
the theory is based on known nuclear 
forces. In practice, however, a phenom- 
enological description, in which the in- 
teractions between nucleons in various 
shells are parameterized, may be all that 
we can realistically hope for. The pio- 
neering book on this subject is de Shalit 
and Talmi's Nuclear Shell Theory, pub- 
lished in 1963. Lawson continues their 
phenomenological approach in a more 
up-to-date treatment. 

The technical apparatus of the subject 
has changed little since 1963, but more 
complete experimental data are now 
available. Lawson takes advantage of 
this to illustrate each idea with concrete 
examples from nature. Specific cases 
range from the lightest nucleus having 
more than one energy level, 4 ~ e ,  to the 
heavy Pb nuclei. The experts in the field 

may know most of these examples, but 
few are found in previous textbooks on 
nuclear theory. 

In principle, all nuclear states can be 
described by the shell model, but the 
number of configurations is generally too 
large to handle-even with the most 
powerful computers. Successful theory 
blends art and luck. The theorist must 
truncate the set of shell configurations 
that will be used in the calculation, and 
nature must provide him or her with 
nuclei that have limited numbers of ac- 
tive shells. Lawson progresses from the 
simpler "magic" nuclei to the more com- 
plex, mindful of the validity of the trun- 
cation approximations. 

The calculational tools of nuclear shell 
theory are the angular momentum alge- 
bra and the fractional parentage expan- 
sion of wave functions. Lawson's step- 
by-step examples show how to use the 
angular momentum algebra. The most 
useful formulas needed for reference are 
compiled in appendixes. The fractional 
parentage expansion, which allows the 
theorist to isolate individual nucleons in 
a many-nucleon wave function, is thor- 
oughly treated. The author is particularly 
careful in explaining sign conventions in 
the definition of wave functions. These 
conventions can be a stumbling block for 
those who want to apply the wave func- 
tions to experimental measurements. 

The interaction between nucleons is 
best studied in nuclei with only two 
active particles. Lawson takes examples 
of these to deduce important characteris- 
tics of the interaction, such as pairing 
and the nearly perfect isospin symmetry. 
A major experimental tool for nuclear 
shell studies is the particle transfer reac- 
tion, because it is sensitive to the partic- 
ular shell of the particle transferred. Tak- 
ing examples of reactions on Ca iso- 
topes, Lawson shows how to test the 
theoretical wave functions by calculating 
the reaction strengths, or spectroscopic 
factors. 

Truncation of the shell configuration 
basis is not the only approximation tech- 
nique at the theorist's disposal. Lawson 
discusses the weak coupling approxima- 
tion, the seniority classification, pairing 
theory, and the projected Hartree-Eock 
approximation. Lawson demonstrates 
both the usefulness and the limitations of 
the approximations, with detailed exami- 
nation of the wave functions and predic- 
tions for various nuclei. 

Lawson's treatise does not cover vi- 
brations or deformed nuclei, topics in 
which the shell structure is blurred. Most 
shell model calculations rely heavily on 
computers, and this numerical technolo- 
gy is not discussed or referenced. The 

useful techniques based on SU(3) and 
other higher symmetry groups are barely 
mentioned. Finally, Lawson's case 
method of approach can be disconcert- 
ing: the subject of beta decay is intro- 
duced during a discussion of the pairing 
approximation for In isotopes. These are 
minor shortcomings in view of what 
Lawson accomplishes in bringing togeth- 
er abstract theory and actual nuclei. 

GEORGE BERTSCH 
Department of Physics, 
Michigan State University, 
East Lansing 48824 

Glaciers and Climate 
- 

The Last Great Ice Sheets. GEORGE H. DEN- 
TON and TERENCE J. HUGHES, Eds. Wiley- 
Interscience, New York, 1981. xviii, 484 pp., 
illus., + loose maps. In slipcase, $95. 

Interest in the ice sheets of the world 
has rapidly increased during the last dec- 
ade as the intimate relationship between 
glaciers and climate has become clear. 
For that reason the CLIMAP program of 
the National Science Foundation includ- 
ed a project to produce an analytical 
reconstruction of the late Pleistocene ice 
sheets. Even if it were viewed only as a 
report on that work The Last Great Ice 
Sheets would be extremely interesting 
and valuable; however, the book in- 
cludes not only extensive and well-docu- 
mented tabulations of data on the evi- 
dence relating to the areal distribution of 
the late Pleistocene ice sheets but specu- 
lations on glaciological theory as well. 

It was not originally intended to pub- 
lish all the papers contained in this vol- 
ume together. As a result, the book is 
intermediate in nature between a collec- 
tion of papers and a monograph. The 
closely related chapters (three on the 
areal distribution of ice during the last 
ice age, two on numerical methods of 
reconstructing glacier elevations, and 
three on ice sheet models) exhibit sub- 
stantial redundancy (for example, entire 
maps are repeated with only the caption 
changed) and some inconsistencies in 
notation (for example, isostatically de- 
pressed levels are denoted by a prime in 
one chapter and an asterisk in another) 
and in spelling (Taimyr; Taymyr). Some 
of the figure legends are incomplete, and 
at least one map presents improper con- 
touring. The absence of any list of figures 
and tables is a serious deficiency in a 
book having so many of them. 

The authors' "most important conclu- 
sion is that the distribution of late Wis- 
consin-Weichselian ice sheets is not well 
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known despite more than a century of 
research" (Hughes et al . ,  chapter 6 ) .  
Because of strongly differing interpreta- 
tions in the literature, the authors pre- 
sent both maximum and minimum ice 
sheet reconstructions, and, despite their 
own clearly stated preferences, they 
treat both fairly in the glacial-geological 
discussions. 

A major contribution of the book is its 
attempt to apply modern glaciological 
knowledge to glacial-geological interpre- 
tation. That the glaciological analyses 
are far from objective is not necessarily a 
disadvantage-indeed, given our lack of 
a definitive understanding of ice sheet 
dynamics, any other approach might be 
virtually empty. Serious difficulties 
arise, however, from failure to distin- 
guish between well-supported state- 
ments and those that are speculative. In 
striking contrast to the well-documented 
presentations of glacial-geological data, 
the glaciological discussions contain long 
sequences of dogmatic statements with 
few supporting references or other evi- 
dence. Some of the statements are tru- 
isms, some are widely accepted glacio- 
logical principles, and some are pure 
speculation, but such distinctions are 
rarely expressed. Examples of such 
statements are: "An extensive ice shelf 
fringe cannot form unless it . . . lies in 
confined embayments"; "Atomic forces 
[in ice crystals] are substantially weak- 
ened during a glacial surge because ex- 
tensive crevassing breaks many atomic 
bonds"; and "A uniformly thick shear 
layer presumably exists above a frozen 
bed." Strange physical and geophysical 
ideas are stated as facts. Examples of 
such ideas are that heat required for 
melting at the surface of a glacier is 
partly conducted upward from its frozen 
bed (that is, against the thermal gradient) 
and that radioactive heating in the conti- 
nental crust could cause isostatic re- 
sponse to the continental ice sheet to 
occur by flow within the crust rather 
than within the mantle. (The latter idea 
fortunately has little direct effect in 
terms of the implied ice thickness at 
glacial maximum, but it does appear to 
have been used in an argument against 
the occurrence of bedrock depression 
beyond the margins of the ice sheet and 
thus in favor of a maximum, rather than 
a minimum, mode of ice sheet extent.) 

All this makes it impossible for the 
reader to have confidence in the conclu- 
sions drawn. Valuable as it is to "apply 
the insights that are now emerging from 
study of the present-day Antarctic ice 
sheet" to examining the historical ice 
sheets of the Northern Hemisphere, 
such application is misleading if a critical 

attitude toward the insights is not main- 
tained. 

Once it is recognized that the book 
marries a comprehensive and even-hand- 
ed review of the evidence for glacial 
extent to an unbalanced and speculative 
glaciological interpretation thereof it can 
be embraced as an important and fas- 
cinating contribution to the literature. 
It presents analyses, by Denton and 
Hughes, of the unstable (?) marine ice 
sheet of West Antarctica and of exten- 
sive Pleistocene ice shelves in the Arctic 
Ocean, whose appearance in print both 
glacial geologists and glaciologists have 
long awaited. It is unfortunate that the 
book is not more up to date; judging from 
the references, it was written principally 
in 1978, a serious time lag in a field as 
active as paleoglaciology. Nevertheless, 
and despite its high cost, the book should 
be on the shelf of every active glacial 
geologist, glaciologist, and paleoclima- 
tologist. It is handsomely presented and 
accompanied by a large number of well- 
drawn maps, 25 of which are included 
with the volume in a slipcase. 

CHARLES R. BENTLEY 
Geophysical and Polar Research 
Center, University of Wisconsin, 
Madison 53706 
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