
rather similar in  behavior to the sun, oth- 
ers quite different. And  recently attention 
has turned to the ~ossibilitv that whole 
galaxies are maintaining their magnetic 
fields through dynamo action. 

These volumes record, respectively, the 
11 invited lectures and 46 contributed pa- 
pers presented at a N A T O  Advanced Study 
Institute on  the dynamo problem. Though 
the full range of objects in the universe with 
magnetic fields is mentioned, the institute 
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understandably focused primarily on  the so- 
lar and planetary cases, about which we 
know so much more. Extended worksho~s 
and institutes on the dynamo problem that 
draw together astrophysicists and geophysi- 
cists as well as applied mathematicians re- 
ally do work, because there is so much 
physics in common in the different dyna- 
mos. For example, rotation is a crucial corn- 
ponent, which increases the complexity of 
fluid motions in ways that enhance dynamo 
action. It is no coincidence that the sun, 
the Earth, Jupiter, and Saturn, all of which 
have pronounced rotation, have relatively 
strong magnetic fields. In particular, rota- 
tion tends to generate helical motion and 
differential rotation, the combination of 
which is ~articularlv conducive to dvnamo 
action, including the production of dynamo 
"waves" and,magnetic field reversals. Thus 
particular attention must be given to the 
hydrodynamics of rotating fluids in the in- 
teractions with magnetic fields, which these 
books do. 

One  of the fascinations and frustrations 
of dvnarnos is that thev must be studied 
eithir in nature or on the computer. Labo- 
ratory models of simply connected fluid dy- 
namos are extremely difficult to produce, 
because spatial scales are too small to avoid 
very fast dissipation of the currents. But the 
dynamo problem is a "laboratory" for chaos 
theorv. The  nonlinear dvnamics of dvnarnos 
incluies bifurcations, 'limit cycle;, and 
strange attractors in abundance. Magneto- 
hydrodynamic turbulence is a prime com- 
ponent of the theory as well. Because of the 
richness of its physics and mathematics, the 
dynamo problem tends to hold the interest 
of applied mathematicians for long periods. 
For example, Paul Roberts, whose lectures 
provide an overall introduction to these 
volumes, has productively devoted decades 
of his career to it. In the 1950s, when 
dynamo theory as a mathematical construct 
was first developing, the subject was regard- 
ed as somewhat treacherous because prom- 
ising series-expansion solutions often di- 
verged when more terms were added. Now, 
highly truncated systems (well represented 
in these volumes) are studied with abandon. 
The  problem was that the motion fields 
considered in the earlv davs did not have 
enough of the relevant physics, such as 
rotation, in their structure to produce rap- 

idly converging solutions. 
Much progress in basic understanding of 

dynamo processes is represented in these 
volumes. The  interactions among rotation, 
magnetic fields, and thermally driven mo- 
tions such as convection are subtle and 
complex and require particularly careful 
analysis. These topics are well represented. 
But it cannot be said yet that there exists 
anything like a true predictive theory for 
either solar or planetary magnetism. Some 
solar dynamo theorists thought they had 
found one in the 1970s, but that was before 
the reality check of full hydromagnetic dy- 
namo calculations, as well as inferences of 
the interior rotation of the sun from the 
new techniques of helioseismology. Roberts 
correctly wams that kinematic dynamo the- 
ory, in which the motions are assumed rath- 
er than predicted from physical principles, 
can go very wrong if the guess of the motion 
fields is poor. Now the solar theorists have 
gone "back to basics," but with a new em- 
phasis on the boundary between the solar 
convection zone (the outer 30 percent of 
the sun) and the radiative interior. And no 
one has yet devised a quantitative theory to 
explain the sporadic reversals of the Earth's 
field, reversals that have probably had sig- 
nificant influence on the evolution of life 
because of the likely massive increases in 
solar particle fluxes reaching the lower at- 
mosphere and surface during the reversal 
phase. 

So the applied mathematicians and fluid 
dynamicists still have plenty to work on. I 
have mvself recentlv returned to research 
on the Aolar dynarnd and related problems 
following more than eight years as a full- 
time administrator. The  "pull" of this prob- 
lem, like the pull of opposite magnetic po- 
larities to each other, was just too great to 
resist, especially given the development of 
new observations of the solar interior. 
These volumes are providing me with a 
valuable reference on  the overall state of 
the subject, as well as on current concerns 
and who is actively contributing. The  lec- 
tures are particularly comprehensive and 
should provide useful tutorials for newcom- 
ers to the area. Most also contain extensive 
historical references. 

I see the future of this subject lying 
heavily in the area of theories of transition 
regions, whether between the convection 
zone and interior of the sun or between the 
core and the mantle of the Earth. The  
details of these regions are probably crucial 
to understanding the dynamics that drives 
the respective dynamos. I would thus expect 
to see increased emphasis on boundary layer 
dynamics, mixing, and local and global 
waves, as well as effects of topographic fea- 
tures in the case of the Earth, with perhaps 
some de-emphasis on dynamos driven by 
convection in the bulk of stars and plane- 

tary interiors. It will be interesting to see 
whether another workshop on dynamos 
held in, say, 2002, will verify this shift. 

Peter Silman 
High Altitude Observatory, 

National Center for Atmospheric Research, 
Boulder, CO 80307, USA 

Cell Death and Immunity 

Apoptosis and the Immune Response. 
CHRISTOPHER D. GREGORY, Ed. Wiley-Liss, 
New York, 1995. x, 416 pp., illus. $89.95 or £69. 

Conceptual theories only rarely have a 
strong impact on experimental fields. One 
case occurred in 1959, when the concept of 
natural selection was applied at the cellular 
level to the development of immune re- 
sponses, and modern immunology emerged 
as a consequence. F. Macfarlane Bumet, 
who is largely responsible for this clonal 
selection theory, proposed it in part to ac- 
count for the phenomenon of self-tolerance, 
the tendencv of the immune svsteln not to 
react with ;he body's own mblecules. T o  
explain self-tolerance, Bumet proposed that 
antigen-specific cells with potential self-re- 
activity are "readily disposed of by assuming 
that-at this particular stage of embryonic 
life-contact with the corresponding anti- 
gen pattern results in the death of the cell" 
(The Clonal Selection Theory of Acquired Im- 
munity [Vanderbilt Univ. Press, 19591, p. 
58). The importance of cell death in other 
developmental systems had been recognized 
a few years earlier (A. Glucksmann, Biol. 
Rev. 26, 59 [1951]), and active cell death 
formally became "apoptosis" in 1972 (J. F. 
R. Kerr et al., Br. J .  Cancer 26,  239). Argu- 
ably, though, it was when Burnet's clonal 
deletion (now called "negative selection") 
became a focus of studv 30 vears after the 
formulation of his original theory that inter- 
est in apoptosis in the immune system re- 
vived. Since the late 1980s interest in apo- 
ptosis has had an explosive growth, mostly 
because its molecular regulation appears to 
be accessible to our probing. 

Now a collection of reviews discussing 
apoptosis in the immune system has been 
compiled by C. D. Gregory. All but two of 
the papers focus on apoptosis in T and B 
lymphocytes, and only one (an excellent 
review of apoptosis in hernatopoiesis) con- 
siders cell death in any other cell type. Top- 
ics covered include apoptosis in immature 
and mature T cells, in normal B cells, in B 
lymphomas, and in CD5+ B cells and apop- 
tosis in HIV infection. There are two reviews 
on the FaslCD95 molecule and a welcome 
review on  the recognition and phagocytosis 
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of apoptotic cells. In general, the reviews are 
erudite and complete (up to about mid 
1994). Overall they cover the majority of 
what we know regarding the phenomenon of 
apoptosis in lymphocytes. 

Apoptosis is "hot." Immunology has al- 
ways been either hot or frustratingly ab- 
struse, depending on one's perspective. 
Apoptosis and the Immune Response should 
be sizzling (in an abstruse way). It isn't. 
Though it is bv n o  means "death bv re- - 
view," neither is it a scientific page-turner. 
The  reviews do what they can to discuss 
where apoptosis occurs, what triggers (or 
prevents) it, and even what function it may 
have in a larger context. W e  get a good idea 
of the prevalence and importance of apo- 
ptosis in the immune system and even gain 
some insights, but something critical is, 
probably inevitably, missing. 

So be warned: W e  do not know how 
apoptosis actually occurs. W e  knew even 
less at the time these reviews were written. 
Most of them go over the same ground in 
describing the molecular basis for active cell 
death and its regulation, and of course there 
is no consensus on  (or really even a propos- 
al regarding) the mechanism. Meanwhile, 
the fundamental machinery of apoptosis is 
being examined in a variety of systems 
(many not described here) and we do not 
yet know how this growing understanding 
will affect fields such as immunology. When 
we do, maybe that will be sizzling. 

Each chapter attempts, with more or less 
success, to review the immunology so that 
the apoptosis being considered has a context. 
Unfortunately, I doubt that this will (except 
perhaps in the case of the chapters on he- 
matopoiesis and phagocytosis) bring the im- 
munology within the grasp of readers who 
have ~reviouslv avoided the field. The book 
thus is probably most suited to individuals 
with a passion for understanding apoptosis as 
it specifically applies to lymphocytes and 
with some acquaintance with the ins and 
outs of modem immunology. For these peo- 
ple, there is a lot of useful information here. 

While the clonal selection theorv 
changed the course of modern immunology, 
the application of apoptosis research to the 
immune system has only begun to create 
ripples (though some of the ripples are in- 
teresting). Trevor Howard advised Joseph 
Cotten to "leave death to the professionals" 
in Graham Greene's script for The Third 
Man, although he naturallv meant another - 
sort of professional (despite the noir phar- 
maceutical subplot of the story). H e  also 
warned that "death's at the bottom of ev- 
erything." We'll see. 

Douglas R. @een 
Diwision of Cellular Immunology, 

La ]olla Institute for Allergy 
and Immunology, 

La]olla, C A  92037, USA 
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